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Spatial distribution of fluoride in groundwater resources in selected parts
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information system
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Original Article

Abstract

Fluoride in drinking water has a profound effect on teeth. Since drinking water is an important source of fluoride,
the evaluation of the fluoride content of water resources is necessary. Temporal variations and spatial distribution
of fluoride in drinking water of some selected parts of Kurdistan Province, Iran, have been studied using
geographic information system (GIS) techniques. Thus, 40 villages were selected and 80 samples taken in two wet
and dry seasons in 2013. Fluoride concentration was measured via ion chromatography (IC) method. Geospatial
analysis of the data was performed using the ArcGIS software developed by Environmental Systems Research
Institute (Esri). The results showed that the average fluoride concentration in drinking water ranged from 0.096 to
1.102 mg/| with the concentration being less than 0.50 mg F/I in 57 samples (71.25%), between 0.51 and 1.0 mg
F/I in 21 samples (26.25 %), and greater than 1.0 mg F/l in 2 samples (2.5%). No difference was observed
between the concentrations of fluoride in the two-stage sampling with the nonparametric Wilcoxon test (P > 0.01).

KEYWORDS: Fluoride, Spatial Distribution, Kurdistan, Iran

Date of submission: 27 Oct 2014, Date of acceptance: 28 Jan 2015

Citation: Bahmani P, Maleki A, Mahvi AH, Daraei H, Ghahrem&hi Naghipour-Khalkhaliani DSpatial
distribution of fluoridein groundwater resourcesin selected parts of Kurdistan Province, Iran, using the
geogr aphical information system. J Adv Environ Health Res 2015; 3(2): 71-7.

Introduction
The chemical composition of groundwater is a
function of various factors and the interaction of
these factors results in different types of water
that can affect water consumption purposes.l+
Among the various characteristics of water
quality, fluoride has unique properties. Based on
guidelines for drinking water quality, fluoride,
arsenic, and nitrate are key chemicals which have
large scale health effects through drinking water

Corresponding Author:
Pegah Bahmani
Email: pegah_bahmani@yahoo.com

exposure.5¢ Fluoride is one of the essential
micronutrients for humans and animals.
However, shortage or excess of fluoride can cause
serious dental and health problems in humans.”
Since drinking water is an important way of
receiving fluoride 81! the evaluation of the
fluoride content of water resources is necessary.
The concentration of fluoride in groundwater
is variable and depends on several factors such
as the pH, temperature, and solubility of
fluorine-bearing minerals and other cations in
water.1912 Therefore, the amount of fluoride in
water in different regions varies according to the
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Spatial distribution of fluoride in groundwater

chemical composition of water and aquifer
conditions.’® Previous studies have shown
different amounts of fluoride in drinking water
resources of Kermanshah* (0.32 mg/l),
Kerman®> (0.17 mg/1), Ahvaz!¢ (0.31-0.51 mg/1),
Zanjan'? (0.56 mg/1), Kashan'® (0.25 mg/1), and
Hamedan? (0.19 mg/1). These conditions expose
consumers to different concentrations of
fluoride, and thus, the health aspect of fluoride
exposure in each region is different. Hence, it is
necessary to determine the relationship between
water quality parameters in order to analyze the
dominant chemical compounds in water and
their trends and aquifer conditions. Therefore,
the present study was undertaken to investigate
the concentration of F and its correlation with
physicochemical parameters of rural drinking
water resources in Kurdistan Province, Iran.

Materials and Methods

This cross-sectional study was performed to
determine the quality of drinking water of 40
villages in Kurdistan Province. A total of 80
samples were collected in wet and dry seasons
(June and September) and were analyzed according
to standard methods®? The concentration of
fluoride and other anions was measured using ion
chromatography (IC) method (Metrohm Compact
IC plus 882). Descriptive statistics were used to
interpret the results. In order to compare the results
of the two phases of the study and because the date
distribution was not normal, a non-parametric test
(Wilcoxon test) was applied using SPSS software
for (version 20, SPSS Inc., Chicago, IL, USA). To
determine the correlation between physical and
chemical characteristics of water, the Pearson
correlation coefficient was used. The temporal
variations and spatial distribution of fluoride
concentrations in rural drinking water resources
were studied wusing geographical information
system (ArcGIS) software.

Results and Discussion

Figure 1 illustrates the variation in fluoride
concentration in the studied water supplies

72 J Adv Environ Health Res, Vol. 3, No. 2, Spring 2015

during wet and dry seasons. Based on figure 1
average fluoride concentration in groundwater
samples varied from 0.1 mg/1 in Shahrak to 0.97
mg/1 in Bodla. According to drinking water
quality standards set by the Institute of
Standards and Industrial Research of Iran
(ISIRD)2 and World Health Organization
(WHO),5> in 70% of samples fluoride
concentration was less than the permissible limit
(0.5 mg/l). In addition, only in 30% of the
samples, fluoride content was at a permissible
level. These results are in agreement with that of
the studies by Maleki et al.” and Carton,?2 which
show the low fluoride content of drinking water
in Sanandaj, Iran. Based on the results of water
fluoride measurement, it is likely that the
incidence of dental caries in the study area is
high. Therefore, fluoride can be provided by
other sources such as foodstuff, tea, and
toothpastes. =~ Water  fluoridation is not
recommended because it is not a preferred
method in Iran. Moreover, Carton also opposed
water fluoridation.22 The Iranian Fluoride
Scientific Association has stated that fluoride
concentrations greater than 0.7 mg/1 have more
disadvantages in comparison to its scarcity.!!
Therefore, the continuous monitoring of the
fluoride content of water and screening of dental
caries, especially in children, are necessary.

The study of the relation between fluoride
concentration and other water quality
parameters is important in order to explain the
changes of fluoride levels in the aquifer. Hence,
correlational studies were performed and the
results are shown in table 1. pH is an important
parameter affecting the solubility of fluoride.
Results showed that pH value varies from 7.1
to 8.7. This condition represents an alkaline
condition and it is suitable for the solubility of
fluorine-bearing minerals. Saxena and Ahmed
stated that at alkaline pH, fluoride is released
into the water; however, at acidic pH, it
remains in the soil.23 In addition, fluoride can
be replaced with other anions; hence, Ca2*, Na*,
and hydroxyl ion may alter the concentration of

http://jaehr.muk.ac.ir
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fluoride in water resources.2425 Therefore, when
the calcium concentration exceeds the solubility
of fluorite, the dissolution of fluorite will be
limited.’® Raju et al. observed a strong inverse
correlation between F and Ca2* in groundwater
with a Ca content higher than the solubility of
fluoride minerals.?> For this reason, the main
water cations and anions were determined and
the results are presented in tables 2 and 3.

According to these tables, the concentration of
calcium and sodium in the studied samples
vary from 34 to 194 mg/1 and 10 to 160 mg/1,
respectively. According to table 3, the average
concentration of Ca2* (74.95 mg/l) was higher
than Na* (71 mg/1), which may be the reason
for the low concentration of fluoride in
groundwater. Evidently, low fluorine-bearing
minerals in the soil should not be ignored.

1.2 1
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Figure 1. Fluoride concentration of different sampling sites in wet and dry seasons

Table 1. Correlation matrix of studied water quality parameters

Ca 1

Mg  0.7f 1

Na 047 058 1

K 027 036 0.9 1

F 029 04 015 033 1

HCO;, 07 05f 062 027 o021 1
cl 062 043 o064 019 017 045
s 057 053 085 013 0002 033
NO, 008 017 017 024 016 017
TH 096 087 056 037 035 088
TDS 087 084 08 034 03 09
EC 082 085 08 034 03F 09
pH 027 028 024" -01f 043 -030

1

0.50 1

020 004 1

060 06f 00fF 1

066 077 -007 09 1

065 078 007 09 0.99 1
025 -013 014 027 027 028 1

" Correlation is significant at the 0.05 leveorrelation is significant at the 0.01 levéNon-significant
TH: Total hardness; TDS: Total dissolved solid; EC: Electrical conductivity
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Total dissolved solids (TDS) and electrical
conductivity (EC) showed better correlation with
fluoride than the other studied parameters. TDS
amount in water samples ranged between 320 and
1270 mg/l. Calcium, magnesium, sodium,
potassium, carbonate, bicarbonate, chloride,
sulphate, and nitrates are the main ions that cause

TDS.2 Gillardet et al.”” and Han et al.® announced
that land use and environmental pollution caused
by animal waste, agricultural fertilizers, and
industrial and municipal wastewater may cause
alteration in TDS. As seen in table 2, the mean
concentration of total hardness of groundwater is
higher than 270 mg/1 CaCO:.

Table 2. Average concentration of physicochemical parameters of groundwater in rural areas

Amir Abad 1 8C 11 37 9 17
Chomaoghlot 2 4€ 9 64 5 16
Najafabai 3 65 1¢ 56 1 34
Tazehaba 4 92 52 16C 8 13t
Bayel 5 67 15 56 1 54
Zarinabai 6 57 24 51 2 26
Alahyar| 7 64 2 4S8 2 25
Dirakloc 8 52 1S 48 2 24
Muzafaraba 9 7C 12 4¢ 3 25
Zivieh 1C 42 5 57 1 34
Saeedab:s 11 67 9 31 1 7
Vinsal 12 98 1t 12z 2 16¢€
Ghandab Suf 13 8¢ 14 12z 2 17¢
Ghandab Oly 14 57 1C 6t 5 52
Dosa 15 82 2C 10z 6 77
Babashaydol 1€ 87 1¢ 11¢ 2 174
Baharloc 17 82 13 118 2  15¢
Jodaghye 18 102 28 84 7 7C
Miham Olye 1¢ 4¢ 14 1¢ 1 11
Miham Sufl¢ 2C 65 1€ 3t 1 14
Gharbelaghkhe 21 34 1¢ 78 1¢ 8&
Qzblagl 22 11€¢ 33 58 9 K¢
Kotan Sufl: 23 14¢ 33 b5t 18 59
Maydanmofaz: 24 101 2t 2¢ 9 16
Jafaraba 25 9C 22 65 3 52
Golblagt 2€ 67 1¢ 43 1 19
Aqgcheghonba 27 194 6 122 4  16:
Engiarkt 28 9¢ 24 13t 4 13¢
Kharabechoaarl 2¢ 8¢ 44 13¢ 5 141
Aghblagh Tghami  3C 71 158 17 1 9
Ochgo 31 56 2 2¢ 1 6
Khosroaba 32 6t 11 7t 8 49
Aminabac 33 6 11 72 8 51
Bodle 34 4 11 72 1 15
Darvishkhak 3t 8¢ 37 134 1C 48
Magho 3€ 56 9 57 1 37
Babaresha 37 82 17 8 4 38
Khandanqo 3€ 6 25 88 2 53
Dehraghe 39 6t 12 37 1 1C
Shahra 4C 5¢ 11 1C 1 12
Permissible maximum (nl) 25C 5C 20C -  40C
(ISIRI-1053

WHO guideline - - 200 - 500

20 1C 03¢ 7E 49C 71F  26C  24C
1€ 7 04s 77 43 65 237  14f
8 6 03: 7€ 52 795 28 24
2 82 066 72 127C 1820  61C  44C
8 18 03; 74 508 758  23¢ 22
17 14 03¢ 72 51C 77C 266  24C
17 12 03C 72 40C 59 19¢  16(
17 14 027 7E 45¢ 69C  23F  20¢
17 12 031 7E 45 720 250 22
13 11 03 77 39C 57 171 124
22 8 03¢ 72 39 590 21 20C
37 31 03( 7E 81F 123t 28 30
38 31 03 74 81C 124C 23 26
3¢ 11 047 77 48C 71F  20C  18C
32 45 04¢ 72 728 113  29¢ 28«
38 21 026 7¢ 77C 120 248 28¢
3¢ 2¢ 03¢ 7¢ 80¢ 123 23/ 25
23 3C 05/ 7€ 81F 123t 38  36¢
12 4 026 7E 320 47C 176 177
16 12 037 74 45 660 23/ 22t
32 24 03¢ 7€ 49 75 186  16C
8 3C 061 80 80C 1228 39 4
206 81 071 82 092¢ 138 25  50(
2C 11 042 7.C 668 03t  36f 35
28 22 066 87 66( 101  31C 311
38 8 00 B8€ 49 71F 246 24
6 167 03¢ 80 113C 166( 378 50
3 157 05¢ 74 99 146(  36( 34z
3 22t 03 75 90 150 166  39¢
17 9 026 7€ 425 63 221  24f
32 4 031 80 33 477 160 15
21 1€ 03: 74 55 82F  25;  20%
21 1€ 021 72 541 82  24¢  20%
38 5 097 80 468 700 237 16
4 111 087 7.4 91C 146  40C  36C
1€ 1C 05¢ 7. 44 67C 216  17¢
1€ 72 05€ 72 720 1020  26¢  27C
37 27 06/ 7E 65 101f  29¢ 27
46 5 020 77 42 63 21 20¢
1 1C 010 74 33C 475  19C  19C
5C  40C 150 -  150C - o B0
L,
50 250 15 g'gi 1500 - ; ;

* Recommendation based on aesthetic consideration such as taste andNcolwalth-based guideline value is set; however, values less than

500 mg/l are recommended due to gastrointestinal damage

TDS: Total dissolved solid; EC: Electrical conductivity; TH: Total hardness
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Table 3. Descriptive statistics of elemental concentration for the studied parameters

Parameter : n

(in each season) Mean
EC 40 945.0 347.00
TDS 40 627.0 228.00
pH 40 7.6 0.35
Ca 40 78.5
Mg 40 17.9
Na 40 72.8
K 40 4.5 4.50
HCO; 40 328
Cl 40 37.4
SO, 40 59.1
F 40 0.4 0.14

27.30
10.90
38.20

104.00
42.50
53.20

470.0 1820.0 816.0 312.00 110.0
320.0 1270.0 564.0 188.00 290.0
7.0 8.7 7.5 0.22 6.8 8.0
34.0 1940 714 21.30 320

2.0 52.0 13.6 6.80 3.0 41.0
17.0 160.0 69.2 35,50 10.0 161.0
1.0 19.0 4.5 4.40 0.5 20.0
202.0 7440 288.0 80.00 183.0 645.0
4.0 225.0 344 36.10 2.3 202.0
6.0 176.0 61.0 48.50 6.0 168.0

0.1 0.9 0.5 0.09 11 0.7

EC: Electrical conductivity; TDS: Total dissolved solid; SD: Standard deviation

Figure 2. Spatial distribution of fluoride in groundwater in low and high water seasons

According to the finding of Govardhan Das,
water with fluoride concentration of higher than
1.5 mg/l has a hardness of lower than 200
mg/1.2 Thus, the relationship between water
hardness and fluoride seems reasonable. A
positive correlation was observed between
fluoride and other anions and cations except pH.
These results are similar to findings by other
researchers.*?

Except pH, EC (pS/cm), alkalinity (mg/1
CaCOs;), and TH (mg/l CaCOs), all other
parameters are expressed in mg/1.

Figure 2 shows the spatial distribution of
fluoride and reveals that high concentrations of
fluoride can be seen in the northern part of the
region. Statistical analysis (Wilcoxon test)
demonstrated that there was no significant

difference between the fluoride concentrations
of samples collected in wet and dry seasons
(P>0.01).

Results also showed that the majority of anions
and cations are within the standard ranges (except
nitrate in one sample). The results showed that
water hardness in all the villages is temporary
hardness, which was categorized as completely
hard, hard, and slightly hard. According to
geochemical facies, calcium and bicarbonate are
the dominant cation and anion, respectively,
introducing calcic-bicarbonate as the water type.
The high concentration of bicarbonate ions in the
water is due to erosion and weathering of
carbonate and silicate minerals. Correlation
coefficients showed the highest correlation

between bicarbonate and Ca?* (Table 1).
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Conclusion

The present study attempted to investigate the
fluoride concentration of groundwater in rural
areas of Northeastern Kurdistan Province, and
its correlation with other physicochemical
parameters of water quality. It was found that
the groundwater is slightly alkaline and hard in
nature. In 70% of samples, fluoride
concentration was lower than the permissible
limit set by ISIRI. Therefore, the continuous
monitoring of the fluoride content of water and
screening for dental caries especially in children
are necessary.
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Abstract

Aquatic macroinvertebrates, which play a significant role in the food chain of an ecosystem, are used in fresh water
quality assessment to identify the environmental stress resulting from a variety of anthropogenic disturbances.
Seasonal surveys of macroinvertebrate communities were conducted from April 2013 to March 2014 in
Chhariganga oxbow lake of Nadia District of West Bengal, an eastern state of India. In order to bioassess water
quality and aquatic health analysis using diversity indices, viz. Shannon-Wiener and Simpson’s diversity index,
species richness and evenness, and total abundance with composition trends were carried out. Taxon richness
values of 14, 14, and 18, evenness values of 0.80, 0.71, and 0.73, Shannon-Wiener Index values of 2.10, 1.88,
and 2.12, and Simpson’s index values of 0.15, 0.22, and 0.20 were determined for macroinvertebrates found
during pre-monsoon, monsoon, and post-monsoon period, respectively. In the present study, low diversity indices,
like the Shannon-Wiener Index, demonstrated clearly that the selected lake is polluted and has high anthropogenic
activity which has rendered the lake bad to poor health status especially during monsoon season. Therefore, it is
necessary to regulate and prevent the jute retting process, and its intensity and density during the monsoon to
enhance biodiversity in order to ensure sustainable management and conservation of aquatic environment of the
oxbow lake.
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Introduction
Macroinvertebrates include those “organisms
large enough to be caught with a net or retained
on a sieve with a mesh size of 250-1000p”.1
These organisms can be benthic, inhabiting
substrates like sediments, debris, or logs, or
pelagic, swimming freely in the water column.
They play an essential role in the aquatic habitat
and food web. Apart from fishery resources and
periphyton, ecological assessment of aquatic
systems using macroinvertebrates has been one
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Jayanta Kumar Biswas
Email: biswajoy2000@yahoo.com

of the frequently used protocols for indication of
water quality in standard water management.
Macroinvertebrate ~ abundance, community
structure, and ecological function have long
been used to characterize water quality in
freshwater ecosystems. While many taxa
contribute to biodiversity in stream ecosystems,
macroinvertebrates play a central ecological role
in many stream ecosystems and are among the
most ubiquitous and diverse organisms in fresh
waters.2 Because of their cosmopolitan nature,
inhabiting all freshwater habitats of the world,
macroinvertebrates are not only useful as
bioindicators, but helpful in ameliorating
polluted water. As they have low mobility (i.e.,
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sedentary, sessile, or nearly sedentary) and life
cycles of several weeks and or years, they reflect
cumulative effects of the present and past
conditions of an aquatic ecosystem. They can
often be extremely productive and abundant
and are good indicators of environmental
conditions, toxic contamination for localized
conditions and site specific impacts, and
changing water qualities. They make a good
study specimen, because they are abundant,
readily surveyed, and taxonomically rich? and
easy to collect and identify.14
Macroinvertebrates usually consist of a
heterogeneous collection of evolutionary
diverse taxa. For that reason, different species
will react to different changes in aquatic
environment, natural as well as imposed, and
physical as well as chemical.! The use of
benthic macroinvertebrates to assess the
overall health status of aquatic environments
remains the most suitable, reliable, and widely
acclaimed method globally. The qualitative
and quantitative studies of their diversity are
of great importance.

Benthic  invertebrates were wused as
bioindicators for studies of the impact of
environmental perturbations on the aquatic
ecosystems.>¢ Macroinvertebrates are attractive
targets of biological monitoring efforts as they
are a diverse group of long-lived, sedentary
species that react strongly and often, predictably
to human influence on aquatic ecosystems.”
They are most frequently used in biomonitoring
studies as their responses to organic and
inorganic pollution have been extensively
documented.8® The use of benthic
macroinvertebrates has been discussed in the
assessment of freshwater bodies.’® They have
sensitive life stages that respond to stress and
integrate effects of both short-term and long-
term environmental stressors!’ and are
important areas for maintaining biodiversity.1213
Macroinvertebrates and water quality are
interrelated; thus, macroinvertebrates are a
potential indicator of water quality.* They are

Ghosh and Biswas

more efficient bioindicators in understanding
the ecological health of an aquatic ecosystem,
compared to chemical and microbiological data,
which  at  least illustrate  short-term
fluctuations.’>17 Biomonitoring studies with the
use of macroinvertebrates to rate the quality of
both lotic and lentic water bodies have been
widely reviewed.18-21

However, the use of aquatic
macroinvertebrate in bioassessment of water
quality and aquatic health in India has rather
limited documentations.2230 Few studies have
been carried out on its ecological aspects in
oxbow lakes. Greater —macroinvertebrate
diversity was observed in the lentic system of
the Hansadanga Beel oxbow lake, than other
biotic communities. The Hansadanga Beel
oxbow lake is situated at longitude 88° 33/E,
latitude 23° 24/N, in Nadia district of West
Bengal, an eastern province of India. Its
anthropogenic activities were observed to be
influencing the changing of sediment redox
potential values for alteration of
macroinvertebrate communities in the water
body.3! The diversity analysis of benthic
macroinvertebrates of West Bengal oxbow lake
ecosystems and their role in the assessment of
water quality and aquatic health are not well
known. Existing works on the macrobenthic
fauna of the oxbow lakes in Nadia District, in
particular, and West Bengal, in general, are
quite scanty. Therefore, a survey of
macroinvertebrate = communities and an
analysis of macroinvertebrates were performed
using diversity indices and structure and
composition trends with abundance in an
oxbow lake ecosystem in Nadia District, India.
They were conducted for the quantitative and
biological assessment of aquatic health status
of the oxbow lake ecosystem.

Materials and Methods

The Chhariganga oxbow lake, abandoned,
fractioned, and derived from the river Ganga is
located in Nakashipara development block of
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Nadia District, West Bengal, an eastern Indian
province. It is situated at 23.5800° N latitude,
88.3500° E longitude, about 90 Km from the
Kalyani University Campus, Nadia, and nearly
40 Km from the line of Tropic of Cancer
towards the north. It is a fresh water source
and semi-open type oxbow lake, and receives
water from the river Ganga during monsoon
season through a narrow channel at the North
East corner of a loop of the river. The oxbow
lake is spread over an area of 145.69 acres with
an annual average depth of 8.5 ft. It also stores
rain water. The catchment area of the oxbow
lake is nearly 600 hectares (Figure 1).

In the changed climate of this region, three
distinct annual seasons are observed; the
monsoon or rainy season generally from July to
October, post-monsoon season or winter from
November to February, and pre-monsoon or
dry season from March to June. There was an
occasional inundation of the surrounding
banks during the monsoon. The oxbow lake is
subjected to all forms of human activities
including jute retting during monsoon season,
agriculture, and fishing. It is the only source of
irrigation water to the immediate agriculture
communities.

The methods by which macroinvertebrates
are collected in aquatic systems can be diverse,
depending on the physical characteristics of the
aquatic habitat. In shallow waters, samples can
be collected using kick sampling technique

Figure 1. Map showing the study area
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with a hand net, whereas deeper waters
require larger instruments like grab sampler. In
this study, we collected benthic
macroinvertebrates from the oxbow lake
during the three seasons, viz. pre-monsoon,
monsoon, and post-monsoon seasons, from
April 2013 to March 2014. We collected the
organisms using a D-frame net (0.5 mm mesh)
and following hand picking method. We took
the samples at 1 X 1 m locations from an area of
nearly 100 m? in order to include all possible
microhabitats. In some areas with the presence
of large bushes, we first picked out the bushes
and washed them into the net to remove pupae
and other attached macro-invertebrates. For
the bank-roots and macrophytes, we collected
benthic invertebrates using a hand net made of
mesh bolting silk of 100 pm. We collected the
sediment in a plastic container of 15 1 volume.
Water was added and stirred vigorously while
the floating fauna were sieved using 250 um
size sieve and the un-floated fauna were
handpicked. Mud samples of 1 | were collected
from the bottom of the lake using an Ekman
grab. All the animals collected were
immediately fixed in formaldehyde (4%) in the
field, and then, transferred to 70% ethyl alcohol
for preservation. In general, macroinvertebrates
are taxonomically identified wusing key
identification guides, and some samples may
require examination under a dissection
microscope.!
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Identification can be carried out at two
possible levels; family or genus/species.
Genus/species level identification provides
more accurate information on ecological
condition and population sensitivity, but
identification at family level awards more
precision to the taxonomists, and thus, requires
less expertise and time to complete.# In this
study, macroinvertebrates were sorted and
identified to the lowest possible taxon
(species/genus or families) and counted under
a stereomicroscope in the laboratory with the
help of an identification manual and
literatures.32-38

To understand a particular biotic
community, it is very important to attain
certain indices for the purpose of community
analysis of the macroinvertebrates. Most
assessment methods for macroinvertebrates are
taxonomical, whereby analysis of a particular
species, groups, or population is carried out.!
The assessment of these groups can further be
conducted in either of three approaches;
saprobic, diversity, and biotic approaches.
Saprobic approach indicates specific tolerance
to pollution by a specific indicator species,
whereas diversity approach utilizes the
community structure as evaluation for
ecosystem health. The biotic approach
combines both saprobic and diversity
approaches in the assessment of water quality.
Examples of indices used in macroinvertebrate
study are the Shannon-Wiener diversity index
(H"), Family Biotic Index (FBI), and Biological
Monitoring Work Party (BMWP). The biotic
index and score systems are efficient in
assessing organic pollution and eutrophication,
but poor in assessing toxic and physical
pollution. Low diversity indicates low quality
and high diversity indicates good quality of
water. Therefore, to obtain a fair overall
assessment of the quality of a water body, both
methods are essential and need to be combined
with alternative methods of evaluating biota
response.® Washington believes diversity
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measures are useful for describing community
structure, but not the pollution level of water
bodies.* The same author maintains that biotic
indices must be limited to environments
polluted with easily degradable organic matter
(sewage) and not by other types of pollutants.4
Benthic  macroinvertebrate  species  are
differentially sensitive to many biotic and
abiotic  factors in  their environment.
Consequently, macroinvertebrate community
structure has commonly been used as an
indicator of the condition of an aquatic
system.#! Diversity indices are efficient in
indicating physical and toxic pollution which
stress most species in a community without
encouraging replacement species. However,
although high diversity does indicate good
quality water, low diversity may not
necessarily indicate low quality. To evaluate
the distribution and diversity between
sampling sites, community indices such as
abundance, richness, evenness, and the
Simpson and Shannon-Wiener diversity
indices were used. Statistical analysis of
biological indices, such as taxa richness,
evenness (E), and the Shannon-Wiener and
Simpson’s diversity indices was performed
using diversity index formulas 1 and 2.

(1) Simpson’s index (D)*2: D = X (pi)?

where pi is the proportion of important
value of the ith taxon (pi = ni/N), ni is the
importance value index of ith taxon, and N is
the importance value index of all the taxa).

Simpson’s index gives relatively little weight
to the rare taxa and more weight to the common
taxa. It weighs towards the abundance of the
most common taxon. It ranges in value from 0
(low diversity) to a maximum of 1-1/s, where s
is the number of taxon.

(2) Shannon-Wiener Index (H)%: H" = - Z pi
log pi

where pi is the proportion of importance
value of the ith taxon (pi = ni/N, ni is the
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importance value of ith taxon and N is the
importance value of all the taxa).

This diversity index helps in calculation of
taxon relative abundance. A large H value
indicates greater diversity, as influenced by a
greater number and/or a more equitable
distribution of taxon. The index values range
between 0 and 5, where higher index values
demonstrate higher diversity, while low index
values are considered to indicate pollution.
Diversity and anthropogenic disturbances are
inversely related. The Shannon-Wiener index
takes account of taxon richness as well as
abundance. It is simply the information
entropy of the distribution, treating genus as
symbols and their relative population sizes as
the probability. The advantage of this index is
that it takes into account the number of taxon
and the evenness of the taxon. The index is
increased either by having additional unique
taxon, or by having greater taxon evenness.
The Evenness Index is the relative distribution
of individuals among taxonomic groups within
a community and is expressed as:

Evenness Index (E).4: E= H'/logS

where H’ is the Shannon-Wiener Diversity
Index, and log S is the natural log of the total
number of taxon (S defined as taxon richness)
recorded. It is used for the degree to which the
abundances are equal among the groups
present in a sample or community.

Results and Discussion

Macroinvertebrates’ seasonal occurrence,
compositions, and diversity indices are
illustrated in table 1. Phylum Arthropoda (Class
Insecta) accounted for 64.34% (83 no/m?),
94.15% (338 no/m?), and 82.72% (158 no/m?2) of
total macroinvertebrates surveyed during pre-
monsoon, monsoon, and post-monsoon periods,
respectively. Water scorpion dominated this
Class Insecta during all seasons from April 2013
to March 2014. Dragonfly larvae and water
strider was found the least during pre-monsoon,
dragonfly larvae and damselfly larvae during
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monsoon, non-biting midge larvae/blood worm
during post-monsoon in this class. Phylum
Arthropoda (Class Crustacea) accounted for
0.78% (1 no/m?2), 1.39% (5 no/m?), and 7.33%
(14 no/m?) of total macroinvertebrates surveyed
during pre-monsoon, monsoon, and post-
monsoon periods, respectively. While prawn
dominated the class during pre-monsoon and
monsoon periods, freshwater crab dominated
the class during post-monsoon period. Fresh
water mite (Family: Limnocharidae)
representing Phylum  Arthropoda (Class
Arachnida) was found to be the lone macro-
invertebrate during post-monsoon period in
2013-2014 with 0.52% (1 no/m?) of total
macroinvertebrates surveyed. Right handed
freshwater gilled snail with 24.81% (32 no/m?)
dominated Phylum Mollusca during pre-
monsoon period, when left handed freshwater
pouch snail occurred the least with 2.33% (3
no/m?). Left handed freshwater pouch snail
was found (7 no/m?) to be the single Mollascan
with 1.95% of the total macroinvertebrates
during monsoon period. It was dominant with
3.14% during post-monsoon period, while
freshwater mussel was found to be the least
with 1.05% in the oxbow lake. Aquatic
segmented earth worm in the Phylum Annelida
was dominant during all the seasons. Leeches
were present only during post-monsoon period
in that phylum. Average abundance of
macroinvertebrates was found to be 129, 359,
and 191 numbers, while average biomass was
weighed at 95.64, 286.65, and 178.56 gm/m?2 of
the lake water, respectively, during pre-
monsoon, monsoon, and post-monsoon periods.
Macroinvertebrates’ richness of 14, 14, and 18,
taxon evenness values of 0.80, 0.71, and 0.73,
Shannon-Wiener Index values of 2.10, 1.88, and
212, and Simpson Index values of 0.15, 0.22,
and 0.20 were determined for
macroinvertebrates found during the three
seasons, respectively. Seasonal compositions
and diversity indices of macroinvertebrate
occurrence in phyla are presented in table 2.
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Shannon-Wiener Index values of 0.73, 0.29, and
0.65, evenness values of 0.52, 0.21, and 0.40, and
Simpson Index values of 0.53, 0.89, and 0.69
were observed, respectively, during the three
seasons for macroinvertebrates when occurred
in different phyla. Seasonal occurrence,
compositions, and diversity indices of different
groups found in each phylum are given in
table 3. Shannon-Wiener Index values of 0.99,
0.90, and 1.27, evenness values of 0.71, 0.65, and
0.79, and Simpson Index values of 0.43, 0.51,
and 0.33 were obtained during the three seasons

for the macroinvertebrate groups when
occurred in each phylum. Figure 2 depicts the
seasonal variations in occurrence while figure 3
demonstrates ~ seasonal  variations  in
macroinvertebrates’ diversity indices. Seasonal
variations in phyla diversity indices are
illustrated in figure 4. Figure 5 highlights the
seasonal variations in group diversity indices
while figure 6 accommodates variations in
numbers in phyla in a year. Seasonal variations
in occurrence of groups in each phylum are
shown in figure 7.

Table 1. Seasonal distributions and diversity indices of macroinvertebrates

PRM

M acroinvertebrate (Common Name)

Phylum Arthropoda Class Insecta

Riffle beetle/larvae and Beetle Elmidae)

Dragonfly larvae Gomphidae)

Non-biting midge larvae/blood worn Chironomidae (family) - -
Ceratopogonidae (family) 3.00
Odonata (order)
Corixidae (family)
Nepidae (family)
Hydrometridae (family)
Gerridae (family)
Water scavenger beetle adult/larvac Hydrophilidae (family)
Culicidae (family)

Biting midge larvae
Damselfly larvae
Water boatmen
Water scorpion
Water measurer
Water strider

Mosquito larvae and pupae
Phylum Arthropoda Class Crustacea
Freshwater prawn
Freshwater crab
Phylum Arthropoda Class Arachnida

Fresh Water mite

Phylum Mollusca

Freshwater mussel

Freshwater snail (Right handed gille

Phylum Annelida
Leeches
Segmented worm (aquatic earthwor
Average abundance [ndfn
Average Biomass (gm/in
Macroinvertebrate richness
Shannon-Wiener Index
Taxon evenness
Simpson’s Index

Coleoptera (family

Odonata (family

Decapoda (order)
Decapoda (order) - -

Acarina (family Limnocharidae) - - - -
Bivalvia (class)
Gastropoda (class)

Freshwater snail (Left handed pouck Viviparidae (family)

Hirudinea (class)
Oligochaeta (class)

11.00 8.53 = = 500 2.62
1.00 0.78 3.00 0.84 200 1.05
5.00 1.39 1.00 0.52
233 19.00 5.29 9.00 4.71
= = 3.00 0.84 = =
6.00 465 17.00 4.74 1500 7.85
32.00 24.81 126.00 35.10 76.00 39.79
11.00 8.53 56.00 15.60 22.00 11.52
1.00 0.78 13.00 3.62 5.00 2.62
15.00 11.63 89.00 24.79 21.00 10.99
3.00 233 7.00 1.95 2.00 1.05
1.00 0.78 3.00 0.84 200 1.05
2.00 0.56 12.00 6.28
1.00 0.52
9.00 6.98 = = 200 1.05
32.00 24.81 = = 6.00 3.14
3.00 233 7.00 1.95 6.00 3.14
= = = = 1.00 0.52
1.00 0.78 9.00 2.51 3.00 1.57
129.00 100 359.00 100 191.00 100
95.64 286.65 178.56
14.00 14.00 18.00
2.10 1.88 2.12
0.80 0.71 0.73
0.15 0.22 0.20

PRM: Premonsoon; MON: Monsoon; POM: Postmonsoon
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Table 2. Seasonal phyla compositions and diversity indices of macroinvertebrates
PRM PRM MON MON POM POM

Occurrencein Phyla

no % no % no %

Phylum Arthropoda Class Insecta 83.00 64.34 338.00 94.15 158.00 82.72
Phylum Arthropoda Class Crustacea 1.00 0.78 5.00 1.39 14.00 7.33
Phylum Arthropoda Class Arachnida 0 0 0 0 1.00 0.52
Phylum Mollusca 44.00 34.11 7.00 1.95 14.00 7.33
Phylum Annelida 1.00 0.78 9.00 2.51 4.00 2.09
Total abundance (noAn 129.00 100 359.00 100 191.00 100
Phyla richness 4.00 4.00 5.00
Shannon-Wiener Index 0.73 0.29 0.65

Phyla evenness 0.52 0.21 0.40
Simpson’s Index 0.53 0.89 0.69

PRM: Premonsoon; MON: Monsoon; POM: Postmonsoon

Table 3. Taxon frequency distributions and diversity indices of macroinvertebrates
MON MON POM

Occurrence of group in each phylum

no %

Phylum Arthropoda Class Insecta 9.00 64.29 10.00 71.43 10.00 55.56
Phylum Arthropoda Class Crustacea 1.00 7.14 2.00 14.29 2.00 11.11
Phylum Arthropoda Class Arachnida 0 0 0 0 1.00 5.56
Phylum Mollusca 3.00 21.43 1.00 7.14 3.00 16.67
Phylum Annelida 1.00 7.14 1.00 7.14 2.00 11.11
Group richness 14.00 100 14.00 100 18.00 100
Phyla richness 4.00 4.00 5.00
Shannon-Wiener Index 0.99 0.90 1.27

Group evenness 0.71 0.65 0.79
Simpson’s Index 0.43 0.51 0.33

PRM: Premonsoon; MON: Monsoon; POM: Postmonsoon

—o— Average abundance nos/sqm Biomass ( gm/sgm)

700 -
600 -
500 -
400 -
300 -
200 -
100 - ’\

0 —~ : . — : .

PRM MON POM

Figure 2. Seasonal variations in occurrence of macroinvertebrates
PRM: Premonsoon; MON: Monsoon; POM: Postmonsoon
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Figure 3. Seasonal variations in macroinvertebrate diversity indices
PRM: Premonsoon; MON: Monsoon; POM: Postmonsoon
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Figure 4. Seasonal variations in phyla diversity indices of macroinvertebrates
PRM: Premonsoon; MON: Monsoon; POM: Postmonsoon
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Figure 5. Variations in taxon frequency diversity indices of macroinvertebrates
PRM: Premonsoon; MON: Monsoon; POM: Postmonsoon
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Figure 6. Variations in numbers of macroinvertebrates grouped in phyla in a year

PRM: Premonsoon; MON: Monsoon; POM: Postmonsoon
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class Arachnida
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Figure 7. Seasonal variations in taxon frequency distributions

PRM: Premonsoon; MON: Monsoon; POM: Postmonsoon

Lower Shannon-Wiener diversity indices
were observed during jute retting during
monsoon period. The same decrease in
diversity index was reported during October>
and was attributed to emergence of several
groups of aquatic insects prior to sampling or
some movement into shallower parts of the
lake during the hottest time of the year.
Similarly, diversity index for the different
species was generally low in the coconut husk

86 JAdv Environ Health Res, Val. 3, No. 2, Spring 2015

retting zones (0.68 to 1.20) when compared to
the non-retting zones (0.88 to 2.97) of Kerala
backwaters in India.22 Lower Shannon-Wiener
diversity index values were found between
0.67 and 1.77 using macroinvertebrates in
Bangalore lakes.?? Shannon-Wiener diversity
index of quite similar patterns were also
reported? (1.28 to 2.31) with maximum and
(0.27 to 1.53) minimum values which are much
lower than the present findings. Seasonal
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change was found; like lowest Shannon-
Wiener diversity index during October and
highest during July. The change was attributed
to poor water exchange insufficient for self-
purification. In  that study, insecta
(Chironomidae and Culicidae) showed higher
incidence in the coconut husk retting zones
when compared to non-retting zones in lakes.
Macroinvertebrate diversity index values from
0.49 to 1.40 and dominance index of between
0.30 and 0.72 are reported in tropical urban
wetlands in Bangalore.”> Shannon-Wiener
index values of 1.8-3.07 with
macroinvertebrates were found in a lake in
Turkey#*, the lower value of which is in
agreement with the findings of the present
study. Lower Shannon-Wiener diversity values
(0.35-1.81) and similar low Simpson’s diversity
index values (0.20-0.79) were observed in
Bangalore inlets.2> Evenness was found at quite
similar range (0.56 to 0.97) in inlets in
Bangalore. Much lower values of Shannon-
Wiener Index (0.30-0.69) and quite similar
evenness index values (0.53-0.97), using aquatic
insects, were also reported for oxbow lake
water in Assam.? Macroinvertebrate fauna
species density values of 140-1113 no/m?,
which is quite similar or a little higher than
that of the present study (129-359 no/m?) were
observed in mangrove ecosystem in India.2
Moreover, compared to the present study
results, quite similar dominance values of
0.17-0.50, almost similar diversity values of
1.80-2.83, and quite similar evenness values of
0.45-0.72 were observed.® Almost similar
Shannon-Weiner diversity index values of
macroinvertebrates (200 to 2.38) were
observed in oxbow lakes in Assam. 3 They
concluded that there was a good diversity in
oxbow lakes in Assam where evenness index
values (0.45-0.56) were lower than that of this
study.®® Quite similar = Shannon-Wiener
diversity (H) values (1.967-2.625), lower
evenness (E) values (0.357-0.600), and higher
dominance index (C) values (0.776- 0.903) were

Ghosh and Biswas

also observed in south Nigerian rivers.#” Quite
smaller Shannon-Wiener diversity index values
of macroinvertebrate = community = were
observed in Hansadanga Beel, an oxbow lake
in Nadia District.3! They were within the range
of 0.943-1.551 (with average values of 1.231 in
premonsoon, 1.473 in monsoon, and 1.113 in
postmonsoon period) which indicates an
intermediate scale of pollution.3!

The Shannon-Wiener Index was found to be
the most reliable in assessing river water
quality using macrozoobenthos.# According to
the Water Framework Directive, the
relationship between the indices and ecological
level is as follows: high status: higher than 4

bits/individual, good status: 4-3
bits/individual, moderate status: 3-2
bits/individual, poor status: 2-1
bits/individual, and bad status: 1-0
bits/individual.#  Shannon-Wiener  Index

values of macro-invertebrates in all the cases
from April 2013 to March 2014 in this study
(showed lowest values during monsoon, unlike
the Simpson Index values which were highest,
especially during monsoon) ranged from 0.29
to 2.12. The lower index values thus efficiently
and reliably suggested the bad to poor state of
the aquatic health of this semi-closed oxbow
lake ecosystem with an indication to pollution.
These findings prove once again that diversity
and anthropogenic disturbances are inversely
related. This pollution status showed similarity
to assessment results of diversity indices of
rotifer,0 zooplankton,5! phytoplankton,52 and
macrophytes® on the same oxbow lake during
the same time period as the study.

Conclusion

The purpose of the present investigation was
to present a general account of benthic
macroinvertebrates’ composition and

diversity to rate the aquatic health status
using the aquatic benthic fauna. Low
diversity values of Shannon-Wiener and
Simpson indices in the present study clearly
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show that the selected lake is polluted and
has high anthropogenic activity. Hence, this
lake is not suitable for growth of fish
especially = during  monsoon  season.
Therefore, it is necessary to regulate and
prevent jute retting processes, and their
intensity and density in the lake during the
monsoon to enhance biodiversity in order to
ensure  sustainable management and
conservation of aquatic environment of this
oxbow lake. It was also proven that
biological data are useful for the detection of
pollution. To understand the lake ecosystem
and its health, understanding about the
ecology (life cycle and secondary production)
of macroinvertebrates is necessary. Thus, the
study would hopefully be a reference archive
for future studies on aquatic health of oxbow
lake ecosystems in the region. The
information obtained is crucial in serving as
baseline data for various agencies, including
governmental academic, and
nongovernmental institutions, to take actions
for more efficient sustainable management of
this oxbow lake in particular and others in
the country in general.
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Abstract

The presence of humic acid (HA) in water treatment processes is very harmful and the cause of undesirable color,
taste, and smell. Drinking water containing high concentrations of humic substances can be the cause of many
health problems. Therefore, the removal of these compounds from water resources is a very important topic. In this
research, response surface methodology (RSM) has been used to optimize the effect of main operational variables
responsible for higher HA removal by activated carbon (AC). A three-level Box-Behnken factorial design (BBD) was
used to optimize initial concentration of HA, time, pH, and AC dose for humic substances removal. The
characterization of AC was carried out using scanning electron microscopy (SEM), energy-dispersive X-ray
spectroscopy (EDS), and X-ray diffraction (XRD) analysis. A coefficient of determination (R2) value of 0.98, model F-
value of 82.32 and its low P (F < 0.0001), and low value of coefficient of variation (9.94%) indicated the fitness of
the response surface quadratic model during the present study. At initial optimum concentration (5.25 mg HA/I), pH
(5.85), contact time (36.01 minutes), and dose (1.38 g AC/L), the model predicted 1.90 mg HA/I. Equilibrium
adsorption of HA onto AC had best fitness with the Freundlich isotherm and pseudo-second-order kinetic model.
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Introduction organisms in the form of biological activity in
Humic substances are a group of non- soil and natural waters.2 Hydrophilic

biodegradable organic material which must be
removed from drinking water sources. An
essential part of humic substances in water is
humic acids (HAs).! HAs are natural
polyelectrolytes which are formed due to the
decomposition of plants, animals, and other
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compounds are amorphous and have varied
molecular weight. Their physical and chemical
properties make them special.?® Functional
groups of humic substances are carboxylic,
phenolic, carbonyl, and hydroxyl acids,
acetaldehyde, and methoxy. The presence of
phenolic and carboxyl groups creates a stable
negative charge in aqueous environments.45
Humic substances make up about 40 to 90% of
dissolved organic matter in water. The physical
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and chemical properties of these organic
materials in water depend on their source.’
Sources of humic substances in water include
leakage through the soil, sediment, aquatic
animals, plants, and effluents from sewage
treatment plants.! The concentration of humic
substances in natural waters is usually in the
range of 0.1 to 10 mg/15¢ The presence of
humic substances in water treatment processes
is very harmful and the cause of undesirable
color, taste, and smell. On the other hand, as a
result of chlorination of these waters,
dangerous and carcinogenic byproducts such
as trihalomethanes (THMSs) are produced.”
Humic substances in water interfere with the
removal of heavy metals by forming complexes
with metal. In addition, humic substances can
form complexes with heavy metals, pesticides,
and herbicides that lead to a migration of these
compounds in aqueous solutions and an
increase in their concentration. This is an
important issue in water” The high
concentrations of humic substances in water
disrupt the performance of ion exchange resins
and membranes in water treatment’ In
addition to the above problems, some sources
have reported that drinking water containing
high concentrations of HA can be a cause of
black foot disease.>¢ Thus, the removal of these
compounds from drinking water and other
water resources is of significant importance.
Conventional treatment methods
(coagulation, flocculation, sedimentation, and
disinfection) cannot completely remove humic
substances from water and are only able to
remove 20 to 50% of them.4#% On the other hand,
other methods of removing organic materials,
including ion exchange, evaporation, reverse
osmosis, and chemical precipitation, often have
high costs and disposal of their sludge is
difficult.1011 Therefore, the use of a low-cost
adsorbent that is able to remove high amounts of
organic matter and improve the quality of
drinking water is a necessity. Several absorbents
such as clay, zeolite, chitosan, and metal oxides

Yazdanbakhsh and Hashempou

are used to adsorb humic substances.101213
Activated carbon (AC) is extensively used in the
removal of organic compounds from water,
because the absorbent has a high active surface
and has shown an efficient performance.’® The
purpose of this study was to investigate the use
of AC as a model adsorbent for the removal of
HA from water. The experimental work includes
the assessment of factors influencing the
adsorption of HA on AC by means of Box-
Behnken factorial design (BBD) in response
surface methodology (RSM). The adsorption
kinetics of HA on AC under various conditions
were also studied.

Materials and Methods

Commercial AC used in this study was a
Merck (Merck KGaA, Darmstadt, Germany)
product. The stock solution of HA was made
according to the standard method!* and was
stored in a refrigerator at 4 + 0.1 °C before use.
All solutions used in each run were prepared
by diluting the stock solution. The commercial
AC was dipped in 5% hydrochloric acid for 24
hours, followed by washing with deionized
water until the water pH was stable
(pH = 6.52-6.70). After drying for 24 hours at
105 °C, AC was used as an absorbent. The
morphological properties of AC were observed
using a scanning electron microscope (SEM-
EDS, TESCAN Vega Model, Brno, Czech
Republic). =~ The crystal structure and
crystallinity of the composites were examined
using X-ray diffraction (XRD) analysis with a
Rigaku D/MAXYA diffractometer with Ni-
filtered Cu Ka radiation as X-ray source (Theta-
Theta model, STOE, Germany).

The BBD consisted of three levels (low,
medium, and high coded as -1, 0, and +1). The
complete design consisted of 29 runs which
were performed in duplicate to optimize the
levels of selected variables (initial concentration
of HA, pH, contact time, and AC dose). The
lowest and highest levels of HA initial
concentration were 5 and 50 mg/1, pH 3 and 9,

92 J Adv Environ Health Res, Vol. 3, No. 2, Spring 2015

http://jaehr.muk.ac.ir



Humic substances removal by activated carbon

time 1 and 60 minutes, and AC dose 0.5 and 1.5
g/1. The HA removal efficiency was multiplying
regressed the different parameters by the least
square methods as follows:

Y = Bo + X BiXi + X BijXi® + X By XiXj [2]

where Y is the predicted response variable,
Bo, Pi, Pi, and Pj are constant regression
coefficients, and X;and X; (i=1,3;j =1, 3,1 #j)
represent the independent variable.15

The accuracy and fitness of the above model
was evaluated by R? and F values. Table 1
shows the BBD matrix along with experimental
and predicted values for HA removal. The
predicted values for HA removal were
obtained by applying the quadratic model
(Design Expert software, version 7, Stat-Ease,
Inc., Minneapolis, Mn, USA). The optimum
values of the variables for HA removal were
obtained by solving the regression equation,
and analyzing the response surface contour
plots and constraints for the variables using the
same software. The goal determined for HA
removal was maximum HA removal.

All experiments were performed at room
temperature and in batch mode in 250 ml beakers
by mixing 100 ml of the desired HA solution. The
mixture was shaken at 200 rpm for the desired
duration of time. The mixture was then filtered
through 0.45 p filter and the final concentration
of HA in the supernatant solution was
determined by measuring the absorbance at the
maximum wavelength of 254 nm using a UV-
visible spectrophotometer (DR5000). The amount
of HA adsorbed (mg/g) was calculated based on
the following equation:

Co—Ce
qe = oV 3]

where qe is the amount (mg) of absorbed
HA on per g of AC, Cy and C: are HA
concentration (mg) before adsorption and after
adsorption in time t, respectively. V is initial
volume of solution (l), and m the weight of
absorbent (g).

The pH of zero charge point (pHzp) of AC

Yazdanbakhsh and Hashempou

was determined according to the pH drift
procedure.*>

Among the various isotherm equations that
are used for analysis of absorption data in
aqueous environments, the Langmuir and
Freundlich isotherms are more common. The
linear form of these isotherms is shown as
equation 5 (Langmuir) and 6 (Freundlich):

Ce 1, 1
Z B k190 + o Ce [5]
Inge = Inkg + ilnCe [6]

where qo (mg/g) is the maximum
adsorption capacity, ge (mg/ g) is the amount of
HA adsorbed on the adsorbent, C. (mg/1) is the
equilibrium HA concentration, kr and n are the
Freundlich constants, and ki (I/mg) is the
Langmuir constant. For the Langmuir model,
the linear plot of 1/(X/m) versus 1/C, and for
the Freundlich model, the linear plot of Inge
versus InCe is drawn. The determination
coefficient (R?) is used to determine the
goodness of fit of the models.

In this study, pseudo-first order and
pseudo-second-order kinetics were used to
describe the data. The pseudo-first order
(equation 7) and the pseudo-second order
(equation 8) are as follows:

In(ge — q¢) = —K;t+1Inqe [7]

t 1 1
- = + =t 8
At kzQe?  qe 18]

where qe and q: are the amount of HA
adsorbed on AC at time t and equilibrium time,
respectively. K; and k; are constants of
adsorption rate. For the pseudo-first order
model, the plot of In(qe-q:) versus t, and for the
pseudo-second order model, the plot of t/q:
versus t is drawn. The determination
coefficient (R?) is used to determine the
goodness of fit of the models.

Results and Discussion

Characterization of AC

Properties and morphology of AC were
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determined  using  scanning  electron
microscopy (SEM) and energy-dispersive X-ray
spectroscopy (EDS) analysis in the operating
voltage of 20 keV (Figure 1). The electron
image is magnified 9000 times. These analyses
show the quantitative characteristics, such as
particle size, shape/morphology, and surface
area, of AC. The results of the analysis of SEM-
EDS (Figure 2) show the elemental analysis of
AC. As can be seen in figure 1, the two main
elements in the AC were carbon and oxygen
that included 90.39 and 9.61% by total weight,
respectively. All these features show that AC
has a high potential to absorb pollutants
from water.

The XRD pattern of AC is illustrated in
figure 3. In the pattern of AC, there was only
one broad peak at 24.14 corresponding to
amorphous carbon.?

Optimization of parameters for HA removal
Table 1 shows that there was a considerable
variation in HA removal by AC at different
values of selected parameters. Multiple
regression analysis method based on equation
2 was used for analyzing the data. The
predicted response Y for HA removal was
obtained as following:

Yazdanbakhsh and Hashempou

Y =3.73 + 1.97X; + 0.52X, — 0.49X5 — 0.2X, +
0.28 X;X, — 0.23X, X3 — 0.004X, X, +

0.11X,X5 + 0.021X,X, — 0.029X3X, — 0.41X? +
0.22X3 + 0.39X% + 0.013X2 [4]

Figure 1. Scanning electron microscopy (SEM)
image of activated carbon (AC)

Figure 2. Energy-dispersive X-ray spectroscopy (EDS) diagrams of activated carbon (AC)
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Figure 3. X-ray diffraction (XRD) patterns of activated carbon (AC)

Table 1. Box-Behnken factorial design (BBD) matrix in coded terms along with experimental and
predicted values for humic acid (HA) removal

RUNS Independent variables (coded) Humic acid removal (mg/l)
X4 X5 X3 X4 Experimental Predicted
1 -1 -1 0 0 1.70 1.77
2 0 0 1 -1 13.36 13.55
3 1 0 1 0 26.19 24.67
4 1 0 0 -1 27.32 30.38
5 1 -1 0 0 23.18 22.24
6 0 -1 0 -1 12.16 12.12
7 0 0 0 0 12.37 12.36
8 -1 1 0 0 3.29 3.30
9 0 0 0 0 12.37 12.36
10 0 1 1 0 17.65 18.21
11 -1 0 1 0 2.00 2.19
12 0 1 0 -1 20.59 19.56
13 1 1 0 0 41.56 39.98
14 0 0 -1 1 18.57 17.84
15 0 0 0 0 12.37 12.36
16 0 -1 1 0 9.86 9.37
17 1 0 -1 0 42.83 41.11
18 -1 0 0 1 1.84 1.37
19 0 0 0 0 12.37 12.36
20 0 0 1 1 9.81 10.39
21 0 1 0 1 17.00 16.53
22 0 -1 0 1 8.94 9.25
23 -1 0 -1 0 3.68 4.06
24 1 0 0 1 24.33 26.50
25 0 0 0 12.37 12.36
26 0 -1 -1 0 17.23 17.86
27 0 1 -1 0 22.62 24.82
28 0 0 -1 -1 22.25 20.82
29 -1 0 0 -1 2.58 2.44

X4 = Initial concentration of humic acid; > pH; X;= Time; X,= activated carbon dose
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Table 2. Analysis of variance (ANOVA), regression coefficient estimate, and test of significance for

humic acid (HA) removal

Sum of squares Mean squares  Coefficient estimated + S.E.  d.f.

F-value P>F |

Intercept 55.16 3.94
X1 46.55 46.55
X5 3.21 3.21
X3 2.89 2.89
X4 0.47 0.47
X1 X5 0.32 0.32
X1 X3 0.21 0.21
X1 X4 6.9x10° 6.9x10°
XoX3 0.05 0.051
XoX4 1.71 x 1¢° 1.71 x 1¢°
XaX4 3.46 x 10° 3.46 x 10°
X2 1.05 1.05
S 0.33 0.33
S 1.01 1.01
X2 1.14 x 10° 1.14 x 10°
Residual 0.36 0.03
Corrected total 55.52

3.730 £ 0.072 14 154.00 < 0.0001

1.970 + 0.046 1 1819.25 < 0.0001
0.520 + 0.047 1 125.46 < 0.0001
-0.490 + 0.047 1 112.99 < 0.0001
0.200 + 0.047 1 18.36  0.0008
0.280 + 0.080 1 12.56  0.0032
-0.230 + 0.080 1 8.15 0.0127

(-4.13 x 10°) + 0.08 1  27x10° 0.9593
0.110 + 0.080 1 1.99 0.1804
0.021 +0.080 1 0.07 0.8000
-0.029 +0.08 1 0.14 0.7186
-0.410 + 0.064 1 4091 <0.0001
0.220 + 0.063 1 12.80  0.0030
0.390 + 0.063 1 39.41 <0.0001
0.013 + 0.063 1 0.04 0.8359

14
28

X4: Initial concentration of humic acid;XpH; Xs: Time; X,: Activated carbon dose

In this equation Y is the HA removal (mg/1),
and Xj, Xz, X3, and Xy are initial concentration
of HA, pH, contact time, and AC dose,
respectively. The data obtained from Eq. 4
were verified by F value and the analysis of
variance (ANOVA) in response surface
quadratic model. All p-values below 0.05 were
considered as significant. The linear effect of
coefficients of initial concentration of HA
(P < 0.0001), pH (P < 0.0001), contact time
(P < 0.0001), and AC dose (P = 0.0008) were
significant. Similarly, the interactive effects of
initial concentration and pH (P = 0.0032), and
initial concentration and time (P = 0.0127) were
also significant. However, the interactive effect
of initial concentration and dose (P = 0.9593),
pH and time (P = 0.1804), pH and dose
(P =0.8), and time and dose was insignificant.
The p-values of the quadratic terms, [initial
concentration (X:2) (P < 0.0001), pH (X2?)
(P = 0.003), and time (X32) (P < 0.0001)] were
significant. The F-value (154), R2 value (0.99),
probability (P < 0.0001), and coefficient of
variation (C.V. = 4.32%) obtained through
ANOVA for response surface quadratic model
signify that the model is significant (Table 2).
Statistical parameters listed in table 2 and the

high value of the regression coefficient
(R2=0.98) suggest that the removal of HC by
AC can be well described through this model.
On the other hand, the F value showed that the
model was significant. The F value in this
study is equal to 82.32. Since the F parameter is
higher than 18, the significance of the model
for the removal of HC is clear.

As can be seen in table 1, experimental and
predicted values for HA removal lie within a
narrow interval. This also shows the outstanding
degree of fitness for the model equation.

The main objective of the optimization is
to determine the optimum values of variables
for HA removal efficiency. In optimization,
the desired aim in terms of HA removal
efficiency was defined as achieving
maximum removal efficiency. At optimum
initial concentration (5.25 mg HA/I), pH
(5.85), contact time (36.01 minutes), and dose
(1.38g AC/I) the model predicted 1.90 mg
HA/1 or 67.52% removal efficiency.

The effect of the HA initial concentration
and pH

Contour plots show the type of interaction
between test variables and help to achieve the
optimum conditions.’ Figure 4 shows HA
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removal as a result of interaction between
initial concentration (5, 25, and 50 mg/1) and
pH (3, 6, and 9). Colors for the contour plots
represent the removal efficiency. For example,
red means maximum removal, green medium,
and blue minimum removal efficiency. With
increased initial concentration, HA removal
efficiency decreased, and maximum sorption
(65.99%) was predicted at 5 mg HA/L The
results show that with increase in initial
concentration, HA organic molecules are
adsorbed on the surface of AC and these
molecules can occupy greater number of active
sites on the absorbent.” Thus, at lower
concentration, a greater number of pores was
available on the AC surface.

As the results verified, acidic conditions
were more suitable for the removal of HA, and
efficiency decreased when pH was greater than
5. Most of the organic contaminants were
reduced effectively at lower pH values.’® At

X, = A: Concentratior
X,=B: pH

Yazdanbakhsh and Hashempou

low pH values, surface sites are closely
coupled to H* ions; therefore, these sites
become unavailable for other cations. Thus,
HA could not be easily adsorbed onto AC. In
alkaline conditions, HA is negatively charged
and the efficiency slightly decreased.>

The effect of contact time and AC dosage

Removal efficiency for HA was investigated at
contact time of 1, 30, and 60 minutes. The
results showed that the optimum time for HA
removal by AC was 60 minutes. Therefore, HA
adsorption was found to increase with increase
in time as shown in figure 5. The HA removal
in the abovementioned time duration was
attributed to the surface connection between
active surface groups and HA ion.
Furthermore, further sorption at the described
times can be illustrated with an increased
availability in the active boundary sites on the
sorbent surface area.920

Figure 4. Response surface contour plots showing effect of initial concentration (mg HA/l) and pH on

humic acid (HA) removal (mg/l)
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X. = Cancentration
X,-C: Time

Figure 5. Response surface 3D plots showing effect of initial concentration (mg HA/I) and time on

humic acid (HA) removal (mg/l)

X1=D: Dose

Figure 6. Response surface one factor plots showing effect of activated carbon (AC) dose (g AC/l) on

humic acid (HA) removal (mg/l)

Consideration of the effect of one factor (AC
dose) alone shows that its effect is in
accordance with figure 6. As shown in figure 5,
with increase in AC dosage, the removal
efficiency also increased. The removal of
organic compounds such as HA by AC
implicates direct contact between the organic

98 J Adv Environ Health Res, Vol. 3, No. 2, Spring 2015

matter and cavity on the AC particle surface.
ANOVA analysis showed the significant effect
of adsorbent dosage on HA removal
(P < 0.0001). Nevertheless, the interaction
effects of these variables with other variables in
this study (initial concentration, pH, and
contact time) were not significant.
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Isotherm and kinetic study

Equilibrium time is the primary result of
absorption kinetics. If this parameter is
specified, adsorption isotherms can be
achieved. In this study, to obtain absorption
equilibrium time, a 250 ml HA solution with
concentration of 25 mg/1 was prepared, and
then, 125 mg of adsorbent was added to the
container. The pH value of the solution was
adjusted between 5.6 and 7. Mixing speed and
temperature were 200 rpm and 25 °C,
respectively. The sampling was conducted at
specified intervals and after passing samples
from a 0.45 p filter, absorbed HA was
measured using a spectrophotometer at a
wavelength of 254 nm. The results of this phase
were examined by drawing a diagram of the
concentration versus time and when
concentration changed over time and reached
zero, it was recorded as the equilibrium time.
As can be seen in figure 5, the equilibrium time
in this study was 960 minutes (Figure 7).

35
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0
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o o—o-

500 1000 1500
time (min)

Figure 7. Equilibrium time curve of humic acid

(HA) absorption on activated acid (AC)

Adsorption isotherms are equilibrium data
used to describe the interaction between
adsorbent and adsorbate. Isotherms also
suggest the capacity of an adsorbent. The
results of Langmuir and Freundlich isotherm
models are shown in figures 8 and 9 and also
in table 3. As is clear from the results and
determination coefficient, the Freundlich

Yazdanbakhsh and Hashempou

isotherm model is able to better explain test
results (R?2 = 0.9971). The empirical equation
isotherm of Freundlich is based on multi-layer,
non-homogeneous, and heterogeneous
materials adsorbed on the adsorbent.3

40

y = 65.519x + 2.5759
R? = 0.9865

30

20

1/(X/m)

10

0 0.2 0.4 0.6
1/C

Figure 8. Langmuir model of humic acid (HA)
absorption on activated acid (AC) (pH = 6-7.5,
T = 25 °C, mixing time for AC = 16 hours)

-4
y = 0.7641x - 4.0539
R2 = 0.9971
-3
T -2
RS
[
=
0 T T
0.5 15 2.5

InC

Figure 9. Freundlich model of humic acid (HA)
absorption on activated carbon (AC) (pH = 6-7.5,
T = 25 °C, mixing time for AC = 16 hours)

Table 3 illustrates that the obtained value of
n in the Freundlich model is 1.322; representing
the average absorption of HA on AC.°

To investigate the factor influencing the
reaction rate, it is necessary to study the
kinetics of the process. Adsorption kinetics
were studied in order to better understand the
adsorption dynamic of HA on the adsorbent
and produce a predictive model to estimate the
amount of ions absorbed during the process.
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Table 3. Parameters of Langmuir and Freundlich models in adsorption of humic acid (HA) on activated

carbon (AC)

Langmuir |

b Om R
0.2385 33.2 0.9865

Freundlich
k n R
0.0175 1.322 0.9971

Figures 10 and 11 show pseudo-first-order
and pseudo-second-order kinetics curves,
respectively. R? obtained for the pseudo-first-
and pseudo-second-order models were 0.9855
and 0.9999, respectively. Therefore, the
pseudo-second-order kinetic model is more
acceptable for analysis of HA on AC.

Pesoudo first order reaction

0.8
0.6
0.4
0.2

y = -0.0054x + 0.6416

log(ge-qt)

50 50 175

-0.4
Time (min)

Figure 10. Pseudo-first-order kinetic model of
humic acid (HA) absorption on activated carbon
(AC) (initial concentration = 25 mg/l, pH = 6-7.5,
T=25°C

Pseudo-second-order kinetic model

y = 0.0377x + 0.0725
R2 = 0.9999

t/qt
o N ES (o2} (o]

0 25 50 75 100 125 150 175
Time (min)
Figure 11. Pseudo-second-order kinetic model
of humic acid (HA) absorption on activated
carbon (AC) (initial concentration = 25 mgl/l,
pH=6-75 T=25°C

The pseudo-first-order kinetic model is
based on absorbent capacity and is applied

when adsorption, using diffusion mechanism,
occurs within a boundary layer. While, the
pseudo-second-order kinetic model shows that
chemical adsorption is dominant and and
shows the controlling mechanism in the
process of adsorption.2!

Conclusion

In the present study, RSM based on the four-
factor-three-level BBD was employed as an
experimental design tool to explain the effect of
main operating parameters (including HA
concentration, pH, contact time, and adsorbent
dose) and their interactions on the removal of
HA. RSM showed that HA removal efficiency
was significantly affected by all the mentioned
variables. AC is quite efficient in the removal
of humic substances from solution. According
to the ANOVA results, the model presents a
high R2 value (0.98) for HA removal efficiency.
At optimum initial concentration (5.25 mg
HA/1), pH (5.85), contact time (36.01 minutes),
and dose (1.38 g AC/I) the model predicted
1.90 mg HA /1 or 67.52% removal efficiency.
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Abstract

In this study, ZnO nanoparticles fixed on glass plates were employed as photocatalysts for the degradation of Acid
Red 88 (AR88) dye in aquatic solution. ZnO nanoparticles were synthesized through coprecipitation method and
fixed on glass plates. X-ray diffraction (XRD) and scanning electron microscopy (SEM) techniques were used for
characterization of nanoparticle samples. A batch reactor equipped to UV lamps was used for photocatalytic
experiments. The effect of pH, initial concentrations of AR88, radical scavengers, and enhancers were studied on
photocatalytic removal efficiency of AR88. The results showed an increase in AR88 removal at the neutral pH of 7
(79%), but a decreased in acidic and alkaline pH values. It was also found that at lower initial concentration of dye
the removal efficiency increases. Among different radical scavengers and enhancers, addition of CH40 as radical
scavenger and ethylenediaminetetraacetic acid (EDTA) as enhancer had the greatest effect on degradation
efficiency. The photocatalysis process using fixed ZnO nanoparticles was shown to have good efficiency for removal
of AR88 from aqueous solution. Therefore, it can be concluded that the photocatalysis process using fixed catalyst

could be a promising method for treating wastewater of dye industries.
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Introduction

Synthetic dyes are a group of organic
pollutants that are widely used in the textile,
paper, food, and plastic industries.!
Wastewater from such industries is discharged
into aquatic environments causing water
pollution and environmental problems.2
Among commercial dyes, the azo group is the
largest and most important group, comprising
up to 70% of dye compounds.2 Azo dyes have
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nitrogen—nitrogen double bond (-N = N-) in
their chemical structure, along with one or
more  aromatic  system(s).> Worldwide
production of azo dyes is about 500,000 tons
per year, 1-20% of which is estimated to be
discharged into the water bodies.* Therefore,
such dyes are serious threats to the ecosystem.>
These materials may reduce light penetration
into the water, which affects the photosynthetic
activity of plants. They may also cause
eutrophication, depletion of dissolved oxygen
in water, and increase in suspended solids and
turbidity.¢ In addition, many dyes are resistant
to biodegradation and oxidizing agents and are
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toxic and carcinogenic for humans and
aquatics.1” Therefore, it is essential to remove
dyes from wastewater before it entering the
environment.® Various methods have been
used to remove dyes such as adsorption
processes, chemical coagulation, chlorination,
reverse osmosis, and nano-filtration.l?
However, the conventional processes for the
purification of wastewater are not effective
enough.1® In such processes, only a change in
the phase of dye occurs and the concentrated
pollutants and generated secondary pollutants
require advanced treatment processes.!!
Therefore, the appropriate option would be the
application of processes, which lead to the
removal of pollutants or their oxidation to
harmless byproducts. Today, the integration of
different advanced oxidation processes for the
decomposition of organic pollutants has
become more widespread.’2 For example, the
integration of ultraviolet light and titanium
dioxide (TiO») or zinc oxide (ZnO) catalysts for
the removal of organic contaminants is a
photocatalytic process with a more effective
performance than other processes.’ In general,
advanced oxidation processes are oxidation
and decomposition reactions in which free
radicals, such as hydroxyl produced by UV
light, breakdown organic matters into simpler
inorganic compounds such as mineral acids,
water, and CO,.14

Zn0O is a semiconductor photocatalyst with
a high light sensitivity, high stability, and non-
toxic nature and high efficiency in the
production of electrons. Such characteristics
make it a good candidate for the photocatalytic
process.’5 The principal advantage of ZnO over

Table 1. Characteristics of Acid Red 88

Zandsalimi €t al.

TiO; is its capability to absorb a wide range of
electromagnetic waves.1617 Catalysts in the
photocatalytic processes are used in the fixed
or suspension forms. The fixed catalysts are
economical and functional because they do not
need to be removed after large scale
processes.’> Acid Red 88 (AR88), is a mono azo
dye and is widely used in the textile and food
industries. It is resistant against optical,
chemical, and biological decompositions and
its byproducts (e.g., aromatic amines) have
carcinogenic effects.” To the best of our
knowledge, the use of ZnO nanoparticle fixed
on glass plates as catalyst has not been
reported for the removal of AR88 dye from
aquatic solution. Therefore, this study
investigated  the  efficiency of ZnO
nanoparticles fixed on glass as catalyst in AR88
removal in the presence of UV light on a
laboratory scale.

Materials and Methods

All chemicals used in this study were analytical
grade and purchased from Merck Company
(Germany). AR88 dye was purchased from
Alvan Sabet Corporation, Iran. The
characteristics of AR88 are presented in table 1.

ZnO nanoparticles have been synthesized
through simple coprecipitation method. For the
preparation of ZnO nanoparticles, 1.362 g
ZnCl; was added to 50 ml deionized water.
Then, 1 M NaOH solution was dropwise added
to the abovementioned solution under
magnetic stirring until the pH reached 10. The
suspension was filtered and washed with
absolute deionized water and ethanol and
dried in an oven at 80 °C for two days.

Chemical Structure |

Acid Red 88

Molecular Formula | amax (nm)

My (M) |

CxHi13N2NaO,S 505 400.38
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First, glass plates were kept in a solution of
50% NaOH for 24 hours. Then, 3%
nanosuspension was prepared and mixed for 1
hour. It was placed in an ultrasonic bath until
particles were dispersed. Subsequently, 5 ml of
homogeneous solution was poured on the glass
plates (3 x 15 cm) and kept for 24 hours at room
temperature to dry slowly. Then, the glass plates
were placed in an oven with a temperature of 450
°C for 3 hours for stabilization.’>

A Plexiglas batch reactor with working
volume of 500 ml was used for photocatalytic
experiments. Moreover, 4 glass plates with
fixed catalyst were placed on the inner surfaces
of reactor walls. A 9-W low-pressure UVC
lamp (Philips, Netherlands) with a quartz
cover was used as the UV source. A magnetic
stirrer (Heidolph, Germany) was used for
mixing the solution (Figurel).

1. UV lamp

2. Quartz tube

3. Glassplate
4. Stirrer bar

5. Magnetic stirrer

3 3
2
6. Power —
(

)

>

Figure 1. Photocatalytic reactor

Initially, AR88 dye stock solution (1000
mg/1) was prepared by dissolving 1 g of dye in
1000 ml of deionized water and the stock
solution was kept in the refrigerator. Different
concentrations of AR88 were prepared by the
dilution of stock solution (1000 mg/1) and
added to the reactor. The effect of different pH
3,5 7,9, and 11), initial concentrations of
ARS8 (10, 25, 50, and 100 mg/1), and contact

Zandsalimi et al.

times (30, 60, 90, and 120 minutes) were
studied on photocatalytic removal efficiency of
ARS88. Furthermore, the effects of radical
scavengers (NaxCOs;, NaCl, and CH4O) and
enhancers (HxO,, ethylenediaminetetraacetic
acid (EDTA), and FeSO,) were evaluated on the
ARB88 removal efficiency.

Equation (1) was used to calculate the
percentage of dye removal.18

(1)R = [ Co- C; / Co] x 100

where, R is the removal percentage (%), and
Co and C; are dye concentrations at times of 0
and t, respectively.

The morphology of fixed ZnO nanoparticles
was evaluated using a scanning electron
microscope (SEM) (TESCAN, Czech Republic).
The X-ray diffraction (XRD) patterns of
synthesized ZnO nanoparticles were studied
using a Cu anode XRD system (\: 1.54056 A) in
20 range from 10 to 80° and step size of
0.026°/s. A DR-5000 UV-VIS
spectrophotometer (HACH, USA) was
employed for the measurement of AR88 at 505
nm (Determinate A max). The pH of the
solution was measured using a digital pH
meter (Jenway, UK).

Results and Discussion

Structural analysis

SEM results

Figure 2 shows the SEM image of ZnO
nanoparticles on glass plate. The fixed ZnO
nanoparticles have relatively uniform spherical
shape and uniform size distributions. The
average size of ZnO nanoparticles is 20-50 nm
with tangible agglomeration. It can be
observed that the fixation of ZnO nanoparticles
on a glass plate has been accomplished well.
XRD results

The crystal structure of synthesized ZnO
nanoparticles was examined using XRD
analysis and is shown in figure 3. The
diffraction peaks analysis of the ZnO
nanoparticles revealed peaks at 100, 002, 101,
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102, 110, 103, and 112 planes, corresponding to
the hexagonal wurtzite phase of ZnO.

Moreover, the sharp and intense peaks
display the excellent crystal structure of
synthesized ZnO nanoparticles. The crystallite
size of ZnO nanoparticles was estimated using
the Debye-Scherrer equation.’” Accordingly,
the average crystallite size of the ZnO
nanoparticles was about 47.4 nm.

Figure 2. Scanning electron microscopy (SEM)
image of fixed ZnO

Photocatalysis efficiency of AR88

Effect of pH

The pH of the solution may affect the surface
charge of adsorbent, the degree of ionization of
different contaminants, the separation of
functional groups on the adsorbent active sites,
and also the structure of dye molecules.0 The
effect of pH on the photocatalytic removal of
ARS8 from aqueous solutions was studied at
the pH range of 3 to 11 and dye concentration
of 50 mg/1 (Figure 4). Samples were taken at
30-, 60-, 90-, and 120-minute time intervals and
the removal (%) was calculated using equation
1. The highest removal efficiency (78%) was at
neutral pH, and any increase or decrease from
pH of 7 reduced the removal efficiency. A

Zandsalimi €t al.
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similar result was also reported by Daneshvar
et al. for Acid Orange 7, in which
photocatalytic degradation was higher at
neutral and alkaline pH values.?! The presence
of free hydroxyl anions in the solution is
necessary for hydroxyl radical production.
However, at the acidic pH values, there are no
free hydroxyl anions in the solution.!5

80000 -
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< 60000 -
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&)
> -
5 40000
&
c
— 20000 -

0 | .
10 30 50 70

2-Teta (Degree)

Figure 3. X-ray diffraction (XRD) pattern of ZnO
nanostructures

Effect of initial dye concentration
The effect of initial dye concentration on the
photocatalytic removal of AR88 in aqueous
solutions is shown in figure 5. Samples with 10,
25, 50, and 100 mg/1 of dye concentration and
pH of 7 were provided and exposed to UV light
for 120 minutes. The results showed that when
the dye concentration increases from 10 to 100
mg/l, the removal efficiency decreases from
92% to 45% (Figure 5), meaning that their access
to the catalyst surface is reduced. An important
part of dye removal is performed by active
hydroxyl radicals, generated by UV radiation on
the catalyst surface. High concentration of dye
molecules may act as an inhibitor of hydroxyl
radical generation by absorbing light photons,
which results in decreased dye removal
efficiency.?!

Grzechulska and Morawski studied the
removal of azo acid black using a photocatalytic

http://jaehr.muk.ac.ir
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process.2  They reported that higher
concentrations of dye cause the formation of
multiple layers of dye molecules on the catalyst
surface and prevent the direct contact of other
molecules with the hydroxyl radicals, and thus,

reduce the efficiency of the process. In addition,
the increased numbers of dye molecules absorb
light photons and inhibit them from reaching
the catalyst surface and producing hydroxyl
radicals.?2

100 - pH=3
g —8—pH=5
> 80 - pr=
3 —e—pH=7
S
o 60 pH=9
©
3 pH=11
£ 40 -
g .
Q
? 20 .
<
O FA T T T T 1
0 30 60 % 120 150

Time (minute)

Figure 4. Effect of pH on the photocatalytic removal of Acid Red 88 (AR88) from
agueous solutions (initial dye concentration: 50 mg/l, time: 120 minutes)
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Figure 5. Effect of initial dye concentration on the photocatalytic removal of Acid
Red 88 (AR88) from aqueous solutions (pH: 7, time: 120 minutes)
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Effect of radical Scavengers

To evaluate the effect of interferences on the
photocatalytic removal efficiency of dye, 1 mM
of NaCl, NaxCOs, and CHsO were separately
added to the samples with a dye concentration
of 50 mg/1 and at neutral pH. Figure 6 shows
the effect of radical scavengers on the
photocatalytic removal of AR88 from aqueous
solutions. After 120 minutes of contact time,
the results showed that such interferences
reduce the removal efficiency of the studied
dye (Figure 6). The reaction of ions such as CI-
and COs;> with the hydroxyl free radicals
reduces the free radicals, and thus, removal
efficiency. Daneshvar et al. investigated the
effect of operational parameters of Rhodamine
B treatment.?? They showed that Rhodamine B
degradation decreased in the presence of CI,
HCO?3, and COs?, which was due to the
scavenging of hydroxyl radicals.?
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Figure 6. Effect of radical scavengers on the
photocatalytic removal of Acid Red 88 (AR88)
from agueous solutions (initial dye
concentration: 50 mg/l, pH: 7, time: 120 minutes)

Effect of Enhancers

In the present study, the effect of different
enhancers, including H,O,, EDTA, and FeSO,
on the photocatalytic removal of AR88 from
aqueous solutions was investigated and the
results are shown in figure 7. The results
revealed that the addition of 1 mM HxO,,

Zandsalimi et al.
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EDTA, and FeSO, into the dye solution (50
mg/l), at neutral pH and for 120 minutes,
increases the removal efficiency of the dye by
97%, 99%, and 83%, respectively, from the
constant removal of 79%. Subramonian and
Wu, in their study on the effectiveness of
enhancers on the photocatalytic process,
showed that the addition of enhancers (H2O:
and S;Og?) results in the degradation of more
dye molecules through the production of more
hydroxyl radicals.2* Similar results have been
reported by other researchers.? A study on the
removal and mineralization of reactive Yellow
86 dye showed that the presence of ferrous ions
(Fe*?) in the photo-Fenton process causes an
increase in OH? generation, and therefore,
increase in the photocatalytic decomposition of
dye molecules.2 In photocatalytic processes,
EDTA acts as electron donor and scavenger of
valence band holes and provides more radicals
by delaying the electron-hole recombination on
the particles and also enough time for
photoactinic processes. The results of the study
by Asgari and Ayati showed that photocatalytic
removal of dye is faster in the presence of
EDTA compared with its absence, which
corresponds with the results of the present

study.?

Without H,0, EDTA FeSO,
Enhancer
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Figure 7. Effect of enhancers on the
photocatalytic removal of Acid Red 88 (AR88)
from agueous solutions (initial dye

concentration: 50 mg/l, pH: 7, time: 120 minutes)
EDTA: Ethylenediaminetetraacetic acid
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Figure 8. Comparison of photolysis, nanocatalyst alone, and photocatalysis
processes in the removal of Acid Red 88 (AR88) from aqueous solutions (initial
dye concentration: 50 mg/l, pH: 7, time: 120 minute)

Comparison of processes

To determine the effect of important
parameters in photocatalytic decomposition of
dye removal, adsorption, photolysis, and
photocatalytic processes were studied using
nanoparticles, UV light, and a combination of
nanoparticles and UV light. Therefore, the
experiments were performed on dye
concentration of 50 mg/1, at pH of 7 and time
intervals of 30, 60, 90, and 120 minutes. Figure 8
shows the comparison of photolysis,
nanocatalyst alone, and photocatalysis
processes in the removal of AR88 from
aqueous solutions. The results indicate that the
dye removal efficiency wusing photolysis
process (without catalyst), catalyst alone, and
the simultaneous use of both was 17, 23, and
79%, respectively. This finding could be
attributed to the fact that the UV light or
catalyst, separately, cannot produce enough
hydroxyl radicals as the main dye degradation
factor. Shanthi and Kuzhalosai reported the
same result for the removal of azo dye.?” They
reported that the use of photolysis, or the
catalyst alone had little effect on the dye

degradation, but the simultaneous application
of both resulted in a high removal of dye.?

Conclusion

The removal of AR88 from aqueous solution
using fixed ZnO photocatalysis under UV light
irradiation was studied in the present research.
The results showed that the highest removal
efficiency was achieved at the neutral pH of 7
(79%). In acidic and alkaline pH, the removal
efficiency decreased. By increasing the initial
concentration of dye from 10 to 100 mg/1, the
removal efficiency decreased from 92 to 45%.
The addition of radical scavengers at optimum
condition resulted in the decreasing of the
removal efficiency, but with the addition of the
enhancer the removal efficiency of AR88 was
improved. The results of this study confirmed
that photocatalysis using fixed ZnO
nanoparticles is an efficient method for the
removal of textile dyes from aqueous solution.
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Abstract

Original Article

Titanium dioxide nanoparticles (nTiO2) are the world's second most widely consumed nanomaterial and large quantities
of this material enters the aquatic ecosystem annually. Therefore, understanding the effects of nTiO2 on aquatic
organisms is very important. The present study used Daphnia magna as a model freshwater organism and
Pontogammarus maeoticus as a brackish water organism to evaluate short term toxicity of a well characterized nTiO2
suspension. According to the results, acute exposure of D. magna and P. maeoticus to nTiO2 concentrations ranging from
0.1 to 200 mg/l did not cause any mortality; therefore, lethal concentrations could not be calculated [lethal
concentrations (LC) > 200 mg/I]. Observations showed that the TiO2 nanoparticles were trapped on the surface of the
body, under the carapace, and in the gut of the D. magna. Although the results of the present acute toxicity experiment
did not show nTiO2 to be toxic to the tested aquatic organisms in an environmentally relevant concentration, further
studies are needed on the chronic effects of lower concentrations of this nanomaterial in simulated natural ecosystems.
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Introduction

The  increasing use of  engineered
nanomaterials in human life and industrial
applications is currently showing inventory
listings of 1628  nanotechnology-based
consumer products.! According to estimations,
the worth of nanoproducts will be about $3
trillion by 20202 The 3 most common
nanomaterial mentioned in consumer product
inventories are silver, titanium, and carbon
with 383, 179, and 87 products, respectively.!

Nanomaterials have many advantages in
terms of life and livelihood improvement, but
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they may also cause risks to humans and the
environment. That is why it is important to
recognize the adverse effects of nanomaterials,
an issue  which is  addressed in
"nanotoxicology". In addition, part of the
engineered nanomaterials produced globally
will reach water bodies; 0.4-7% according to
Keller et al.? Thus, understanding the effect of
these substances on aquatic organisms is very
important, an issue which is addressed in
"aquatic nanotoxicology". Titanium dioxide
nanoparticles (nTiO») is important because of its
application in self-cleaning windows, coatings,
paints, UV-absorbent cosmetics, and also
antimicrobial ~and antifouling  coatings.#5
According to estimates, it appears that the

http: //jaehr.muk.ac.ir
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concentration of nano-TiO; in aquatic
environment is between 0.7 to 16.8 micrograms
per liter.6” Moreover, an estimated 15600 tons of
nano-TiO, enter aquatic ecosystems annually
worldwide.? Therefore, understanding the effects
of nano-TiO; on aquatic organisms is critical.

Daphnia magna is very sensitive to
pollutants and is a suitable aquatic organism
through which to evaluate the toxic effects of
chemicals in  freshwater  environment.
Therefore, standard toxicity test methods on
this aquatic animal have been developed by
organizations such as the Organization for
Economic Cooperation and Development
(OECD), US Environmental Protection Agency
(EPA), and International Standards
Organization (ISO).89

There are several recent publications about
the toxic effects of some nanomaterials on
amphipods.10-20 Most of these studies show that
these sediment-dwelling organisms are likely
to have a high potential for exposure to
nanomaterial, are highly susceptible to the
effects of nanomaterial, and should be
considered in the risk assessment of these
substances. Gammaridae is a family of
amphipods that lives in a wide range of
salinities in sea coasts as well as brackish and
freshwater environments and generally feed on
detritus and herbal materials. Pontogammarus
maeoticus is distributed in the Ponto-Caspian
region including the Caspian, Azov, and Black
Seas.2t This benthic infauna specie can be
found in abundance in the brackish water of
Iranian coasts of the Caspian Sea, and usually
feeds on detritus.22 This aquatic organism itself
is an important prey for important commercial
fish of the Caspian Sea, including sturgeons. To
our knowledge, only two studies on nano-TiO;
toxicity in gammarids have been conducted on
a freshwater gammarus (Gammarus fossarum)
and there is no information on nano-TiO»
toxicity in brackish water gammarids.!7

Therefore, in the present study, we used D.
magna as a standard freshwater organism and
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Pontogammarus maeoticus as a brackish water
organism to evaluate the short term toxicity of
nano-TiOz suspension.

Materials and Methods

Powdered TiO. nanoparticles (nTiO;) were
purchased from US Research Nanomaterials,
Inc. (Houston, USA). According to information
provided by the manufacturer, this white
powder consists of more than 99% pure
anatase TiO, nanoparticles with average size of
10-25 nm. A stock suspension of 400 mg/1 was
prepared by dispersing 40 mg of this powder
in 100 ml distilled deionized water following
vigorous vortex (Thermo Scientific M37610) for
30 minutes at room temperature, and then,
sonication for 6 hours in a bath-type sonicator
(Branson 8510EXT-0011). This suspension was
not very stable; therefore, it was sonicated for a
further 15 minutes before every use. The pH of
the final suspension was 6.02.

Transmission electron microscopy (TEM)
analyses of the dry nTiO, powder and its
suspension were performed using an H-
7100FA transmission electron microscope
(Hitachi, Japan) with an acceleration voltage of
125 kV. For each type, the diameters of 80
randomly selected particles were measured at
magnifications of 100,000 using Axio Vision
digital image processing software (Release
48.2.0, Carl Zeiss Micro Imaging GmbH,
Germany). Energy dispersive X-ray (EDX)
analyses of dry nTiO, powder and its
suspension were performed using an EX200
energy-dispersive X-ray analyzer (Horiba,
Japan). Absorption spectral measurements of
nTiO, suspension were obtained using a
Spectra-MAX-PLUS 384 UV-visible
spectrophotometer (Molecular Devices, USA)
in a range of 190-1000 nm.

Daphnia acute toxicity tests

Acute (48 hours) toxicity experiments were
performed according to the "Daphnia Sp. acute
immobilization test" (OECD test guideline
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number 202).8 The M4 media was used as
exposing media and all exposure solutions
were prepared immediately before starting the
tests through diluting the nano-TiO; stock in
fully aerated M4 media. The concentrations
used for daphnia acute toxicity tests were 0.1,
0.5,1, 25, 5, 10, 25, 50, 100, 150, and 200 mg/1
nano-TiO, and M4 media without the addition
of nanoparticles in the control groups. After
adding appropriate amounts of stock to M4
media, the stock mixtures were continuously
stirred with a magnetic stirrer to distribute the
suspension at stable concentration to the extent
possible. For each concentration, 10 randomly
selected neonates, which were younger than 24
hours old, were placed in glass beakers
containing 100 ml of exposing media in
triplicate. The animals were not fed during the
experiments, and all tests were conducted in a
water bath system with a constant temperature
(20 £ 2 °C) and 16-hour light/8-hour dark
photoperiods. After 24 and 48 hours of
exposure, any immobilization and mortality of
the daphnids in test beakers were assessed
according to Annex 1 of OECD 211 based upon
which an animal can be taken as dead when it is
immobile (i.e., when it is not able to swim) or
there is no observed movement of post-
abdomen or appendages within 15 seconds after
gentle agitation of the test container.? It should
be noted that, for greater certainty of the results,
the tests were continued for 2 more days (a total
of 96 hours). Furthermore, the visible
adsorption and uptake of TiO, particles by D.
magna were observed and recorded using a
microscope (Olympus CX41) equipped with a
digital camera (DIXI 3000 mega pixel, NEK
Corp., Germany).

Gammarus acute toxicity tests

The samples of the gammarid specie of P.
maeoticus were collected 1 week before the
beginning of the experiment from the coast of
the Caspian Sea near Noor city, Iran, far from
any settlement and agricultural activity (36° 35'
1.8" N, 52° 2' 328" E). In the laboratory,
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gammarids were kept in aerated sea water with
a salinity of 12 g /1 (salinity of their living area in
the South of the Caspian Sea) at a constant
temperature of 20 £ 1 °C. They were fed lettuce
leaves ad libitum until the beginning of the
experiment. Only adults with a body length
between 8 and 10 mm were used for toxicity
experiments. This range was selected to
minimize the effect of body size on the results of
the experiments.

Test organisms were placed in 200 ml glass
beakers containing 10 organisms and 150 ml of
freshly prepared test solution. All the tests
were conducted in a water bath system with a
constant temperature (20 £ 1 °C) and 16-hour
light/8-hour dark cycles. Feeding of organisms
was stopped 6 hours before the beginning of
toxicity tests and the animals were not fed
during the bioassays. In this study, fully
aerated sea water was used as the exposure
media and the test solutions were prepared
immediately prior to use by diluting the nano-
TiO, stock in the sea water. After adding
appropriate amounts of the stock to the sea
water, the stock mixtures were stirred using a
magnetic stirrer to distribute the suspension at
as stable a concentration as possible. The
concentration wused for gammarus acute
toxicity tests were 0.1, 0.5, 1, 2.5, 5, 10, 25, 50,
100, 150, and 200 mg/l nano-TiO.. Each
bioassay included a completely random
design, consisting of treatments and controls in
triplicate. To evaluate the toxicity of each
chemical, the mortality of the gammarids in
each test beaker were assessed after 24, 48, 72,
and 96 hours of exposure.

Results and Discussion

Particle characterization

In the case of dry nTiO, powder observed by
TEM, most of the particles were needle shaped
(Figure 1. A). Moreover, 86.23% of the particles
had diameters between 5 and 30 nm (Figure 2.),
and only 5.07% of the particles had diameters of
more than 50 nm with a maximum diameter of
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81 nm. The count median diameter (CMD) for
the particles was 1390 nm (Figure 3).
Furthermore, the geometric mean diameter
(GMD) and geometric standard deviation (GSD)
of dry nTiO, powder were 17.50 nm and 1.71,
respectively. In the case of nTiO, suspension,
TEM images showed that in an aqueous
environment the nanoparticles clump and form
large aggregates (Figure 1. B). About 28.47% of

Figure 1. Transmission electron micrographs of dry titanium dioxide nanopatrticles (nTiO

aqueous suspension of nTIO , (B)

these clumps were 15 to 100 nm, 52.55% were 100
to 500 nm, and 18.98% were above 500 nm. As
seen in figure 4, EDX analysis confirmed that
only elemental titanium was presented in nTiO,
powder. Spectral scans of the sonicated nTiO»
suspension gave the typical profile expected with
a distinct peak at about 330 nm (Figure 5) and
was similar to previous reports for TiO»
nanoparticles.24#%

») powder (A) and

Figure 2. Size distribution of particles based on number frequency determined
from transmission electron microscope data in dry titanium dioxide nanoparticles
(nTiO,) powder
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Figure 3. Size distribution of particles based on cumulative frequency
determined from transmission electron microscope data in dry titanium
dioxide nanopatrticles (nTiO ) powder

Figure 4. Energy dispersive X-ray (EDX) spectrometer patterns of dry
titanium dioxide nanoparticles (nTiO ,) powder [Ni signals in EDX
spectrometer are from transmission electron microscopy (TEM) grid]

Figure 5. UV-VIS absorption spectra of suspensions of titanium dioxide
nanoparticles (nTiO2) and distilled water (D.W.)
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Effects of TiO2 nanoparticles on daphnids
and gammarids

During the experiments, the mean + SD of the
water pH and dissolved oxygen in the
exposure vessels of daphnids were 7.81 + 0.13
and 7.44 + 0.19 mg/1, respectively. Moreover,
the mean * SD of the water pH and dissolved
oxygen in the exposure vessels of gammarids
were 8.3 + 0.1 and 8.4 + 0.3 mg/1, respectively.
Both in the freshwater (daphnia medium) and
brackish ~ water  (gammarus  medium),
sediments of aggregated TiO, nanoparticles
became gradually visible at the bottom of the
test beakers with time lapse. During the
exposure period, the rate of mortalities in the
control groups of daphnids and gammarids
was less than 5% and 10%, respectively.
According to the results of this study, short
term exposure of D. magna to nTiO;
concentrations ranging from 0.1 to 200 mg/1
did not cause any mortality even after a longer
testing time of up to 96 hour. Thus, we could
not calculate lethal concentration of nTiO, for
daphnids [lethal concentrations (LC) > 200
mg/l]. In addition, similar results were
obtained in toxicity experiments on P.
maeoticus within 96 hours of exposure to
nTiO,. Therefore, nTiO, suspension prepared
by sonication in this study did not cause any
mortality in D. magna and P. maeoticus during
96 hours of exposure, and therefore, median
lethal concentrations (LCses) were estimated to
be greater than 200 mg/1. Generally, LCsy data
provides a good baseline for toxicity tests.
According to the US EPA toxicity categories,
European Union legislation, and European
Union Council Directive 67/548/EEC of 27
June 1967, any substance with a short term
LCso of greater than 100 mg/l must be
classified as “practically non-toxic” to aquatic
organisms.20? Furthermore, according to the
Globally Harmonized System of Classification
and Labelling of Chemicals (GHS), any
substance with a short term LCsy of greater
than 100 mg/1 must be classified as “category
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acute 4” to aquatic organisms and may have
long lasting harmful effects on aquatic life.28
The results of several studies on the acute
toxicity of different nTiO, in Daphnia magna
are summarized in table 1. As can be seen,
most of these studies found acute effect levels
of nTiO; at greater than 100 mg/1, and this is in
agreement with our results. The only studies in
which the calculated LCsp values were less than
100 mg/1 were those by Garcia et al.? who had
used a laboratory synthesized nano-TiO, which
stabilized  using  tetramethylammonium
hydroxide (TMAOH), and Lovern and Klaper
24 who examined the toxicity of nano-TiO»
suspension after filtration. However, in another
study by Wiench et al.,?° the calculated LCs of
nTiO, was greater than 100 mg/1 even after
filtration. As mentioned before, no information
is available on the acute toxicity of nTiO2 on
gammarids. Nevertheless, in the case of
amphipods, acute toxicity of nano-TiO, was
evaluated in Hyalella azteca by Li et al.®
According to their results, under a laboratory
light, nano-TiO, showed low toxicity in H.
azteca (LCso = 631 mg/l). However, in the
presence of simulated solar radiation, nano-TiO;
toxicity in this amphipod showed a 21-fold
increase compared to a standard laboratory
light (LCso = 29.9 mg/1). Although this increase
did not make nano-TiO; toxic to H. azteca in an
environmentally relevant concentration, but this
shows the importance of conducting toxicity
experiments in natural conditions.

After exposing daphnia to nTiO;
suspensions, some pigmentation was visible
in parts of the brood chamber which was not
observable in controls (Figure 6). These
pigments can be a sign of nanoparticle
accumulation under the carapace. Moreover,
at higher concentrations, aggregates of
nanoparticles were attached to the external
surface and appendages of D. magna (Figure
6). In addition, large amounts of dark
material were found in the gut tract of
daphnia after nanoparticle exposure.
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Consequently, the nTiO; tested in this study
can clearly be ingested by D. magna, and
therefore, an accumulation could occur in
the gut. In some cases, the ingestion of
particles was enough to prevent movement
of the daphnia through the water column
and caused them to sink to the bottom of the

Johari and Asghari

beakers. Similar results were observed in
our previous study on toxicity of silver
nanoparticles in D. magna.?! These results
suggest that exposure of aquatic organisms
to such nanoparticles could pose a risk of
bioaccumulation, especially for filter-
feeding copepods such as D. magna.

Table 1. A summary of the results of several studies on acute toxicity of titanium dioxide nanoparticles

(nTiO,) in Daphnia magna
Average size of TiO, particles in

exposure media

15 to 100 nm (28.47%)
100 to 500 nm (52.55%)
> 500 nm (18.98%)

10 nm Synthesized in the lat
> 580 Commercial powder
n.d. Commercial powder
n.d. Commercial powder

< 100 nm to clumps larger than 2(

pm
140 nm n.d.
30 nm Commercial powder

Larger clumps (100 to 500 nm)

Sour ce of
nanoparticles

Commercial powder

Commercial powder

Commercial powder

Suspension/pr epar ation 48-hour
method LCy (mg) | REfErEnce
Sonication > 200 Pl
study

Stabilizer (TMAOH) 16 29

Sonication > 100 32

Shaking 143.4 33

Sonication > 250 34

Stirring, sonication, or filtration > 100 30

Not specified > 100 35

Filtration 55 24

Sonication > 500 24

n.d. = Not determined; TMAOH: Tetramethylammonium hydroxide;oL Cethal concentrations

A B

Figure 6. The uptake and adsorption of titanium dioxide
exposure to aqueous suspension of Titanium dioxide nanoparticles (nTiO

(TiO,) particles by Daphnia magna 24 hours after

2) (100 mg/l) (Particles of nTiO

are observable on the whole body surface, in the brood chamber, and carapace. In addition, the dark
appearance of the gut tract shows that nTiO , can be ingested by daphnia.)
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Conclusion

As mentioned in the introduction, the estimated
concentration of nano-TiO, in aquatic
environments is currently less than 0.02 mg/1.
Therefore, according to the results of the present
lab scale study, it seems that this nanomaterial is
not an acute hazard for aquatic ecosystems.
However, it should be noted that this
nanomaterial may have chronic toxic effects on
aquatic organisms at low concentrations as it is
currently present in the aquatic environment.
Therefore, more studies are needed to evaluate
the chronic aquatic toxicity of nTiO, in
environmentally relevant concentrations. In
addition, toxicity evaluation of  this
nanomaterial in a simulated natural ecosystem
is required.
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Abstract

Original Article

In this study, activated carbon synthesized from Aloe vera green wastes was used as a sorbent to remove 4-
chlorophenol (4-CP) from aqueous solutions. The influence of contact time (0-100 minutes), pH (2-8), adsorbent
dosage (1-9 g/I), and initial 4-CP concentration (10-60 mg/l) in batch system was investigated on the sorption. The
sorbent was specified using scanning electron microscopy (SEM). Equilibrium for 4-CP sorption was reached at
contact time of 40 minutes. The pH of 2 was also found to be the optimum pH in the sorption process. Fitting the
experimental data to different kinetic and isotherm models illustrated that the experimental data was well fitted by
pseudo-second order kinetic (R2 > 0.98) and Freundlich isotherm (R2 > 0.99) models. According to the results,
activated carbon prepared from Aloe vera green wastes is a low-cost effective option for the sorption of 4-CP from

aqueous solutions.
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Introduction
Water pollution due to industrial activities has
been considered as one of the most important
problems in the current century, especially in
developing countries.! Phenol and phenolic
compounds have been listed as priority
pollutants in water and wastewater because of
their high toxicity and low biodegradability.24
The principal sources of environmental
pollution with chlorophenols are effluent from
petrochemical units, coal gasification sites, oil
refineries, and pharmaceutical industries.> A
phenolic compound recognized as a priority
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pollutant by the United States Environmental
Protection Agency (USEPA) due to its toxicity,
carcinogenicity, and mutagenicity to living
organisms is 4-chlorophenol (4-CP).57 The
maximum permissible limit of 4-CP in potable
water is 0.5 mg/l5 Normally, 4-CP is not
degraded through biological treatment in
aqueous media. Therefore, many techniques
such as electrochemical oxidation,
photocatalytic degradation, ultra-filtration, wet
oxidation, solvent extraction, and membrane
separation and adsorption have been used to
remove 4-CP from aqueous solutions.81© Among
the physicochemical methods, adsorption
process has been widely applied as a treatment
technique for organic pollutants.’212  This
method is one of the best treatment alternatives
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for the removal of pollutants like 4-CP from
water and wastewater, because it is possible to
recover the sorbent and adsorbate. Adsorption
onto activated carbon due to its simple
application and high sorption capacity is the
most commonly used technique for the removal
of toxic organic pollutants. However, sorption
by commercial activated carbon is expensive.
Therefore, researches on the production of
activated carbon from cheap, local, agricultural
wastes, especially due to its low-cost have
gained attention worldwide.’314 In addition to
activated carbon, use of some adsorbents such
as carbon blackd, XAD-4 resinl5, surfactant-
modified natural zeolite'¢, immobilized soybean
peroxidase?’, chitosan's, pumice treated with
cationic surfactant!®, Amberlite XAD-16 resin2,
perlite?!, bentonite?? and Azolla filiculoides
biomass? has been reported for 4-CP removal
from aqueous solutions. The Aloe vera plant is
grown in warm tropical areas such as India,
United States, Mexico, Australia, Africa, South
America, and Iran. Aloe vera green waste is the
by-product of the agricultural industry and its
original material is used in the production of
latex and drugs.? In this study, Aloe vera green
waste was used as a low-cost sorbent in the
production of activated carbon for the removal
of 4-CP from synthetic wastewater. The
influence of parameters such as contact time,
pH, adsorbent dosage, and initial concentration
was investigated on the sorption.

Materials and Methods

All Aloe vera green waste used in this study
was collected from suburban farms of Ahvaz,
Iran. 4-CP, H>SO4, and NaOH were purchased
from Merck Co. (Germany). Through the
addition of 0.1 N H,SO4 or NaOH, the solution
pH was adjusted using a pH meter (50-pp-
sartorious model). All of the other chemical
substances used were of analytical grade. The
stock solution of 4-CP (1000 mg/l) was
prepared by dissolving 1 g of 4-CP in 1 1
deionized water and the working solutions
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were prepared by dilution of the stock
solution. 4-CP has a chemical formula of
CeHsCIO and molecular weight of 128.56
g/mol.1 The suspension of sorbent and
adsorbate was agitated using a rotary shaker
(Behdad-Rotomix Model) at 200 rpm.

Elemental analysis of samples of Aloe vera
green waste-based activated carbon was
conducted using a Heraeus Elemental
Analyzer (Jobin-Yvon Ultima ICP-AES, USA).
The surface morphology of the sorbent before
and after adsorption process was characterized
by a scanning electron microscope (SEM, Jeol
Model Jsm-T330, Japan). The concentration of
4-CP in the solution was measured by an UV-
Vis spectrophotometer (PG Instrument Limited
Model) at maximum absorbance wavelength of
280 nm.

Aloe vera green wastes were thoroughly
washed with deionized water for the removal of
impurities and dried in an oven at 150 °C for 24
hours. Then, it was crushed using a Thomas-
Wiley Laboratory Mill and sieved. The activated
carbon with particle sizes of 300-600 pm was
carbonized in a furnace at 550 °C for 20 minutes
and sieved (mesh no = 40) for later experiments.

Batch sorption experiments were conducted
to determine the influence of parameters such
as contact time (0-100 minutes), pH (2-8),
adsorbent dosage (1-9 g/l), and adsorbate
concentration (10-60 mg/I) on the sorption of
4-CP from aqueous solutions using activated
carbon from Aloe vera green wastes. All of the
adsorption experiments were carried out at
room temperature (25 °C) and shaken
(200 rpm) with 100 ml 4-CP solution in a
250 ml Erlenmeyer flask. After agitation, the
suspension was filtered using fiberglass paper
and the sample absorbance was measured to
determine 4-CP content. The experiments were
duplicated and the average values were
considered. The adsorption capacity of 4-CP
was calculated using equation (1):

(CO - Ce) \Y

Go=—"—"— O
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Where qe (mg/g) is the sorption capacity of
Aloe vera green waste-based activated carbon,
Co and Ce (mg/1) are the initial and equilibrium
adsorbate concentrations, V (1) is the volume of
the solution and m (g) is the mass of adsorbent.

Results and Discussion

Characterization

Chemical composition of activated carbon
derived from Aloe vera green waste showed
that O, Ca, K, and Mg formed 92.7% of the total
weight (wt%) of the sorbent. Other minor
compounds included Na (5.92%) and Cl (1.35%).

Figures 1 (a) and (b) illustrate the surface
morphology of the sorbent before and after the
sorption. As seen in figure 1 (a), before the
sorption, the surface morphology of activated
carbon has uneven cavities and fine open
pores. A regular structure and developed pores
can be seen after the sorption in figure 1 (b),
which shows a smoother surface of activated
carbon. The development of pores can be due
to the effect of 4-CP that has filled the pores.

Effect of contact time
The sorption data versus contact time for the

Omidi-Khaniabadi et al.

uptake of 4-CP by Aloe vera green waste-based
activated carbon is indicated in figure 2 (a). It
can be seen that at first initial adsorption of 4-
CP occurred rapidly. Equilibrium was obtained
at contact time of 40 minutes (q. = 5.59 mg/g),
and then, gradually reached a fixed state
during the remaining time of up to 100
minutes. The fast uptake of 4-CP molecules at
the beginning of the adsorption time can be
due to the availability of large numbers of
vacant sites on the sorbent surface. With the
increasing of contact time these vacant sites
were saturated with 4-CP and adsorption
capacity was gradually increased. Similar
results were obtained for the removal of 4-CP
by various adsorbents.51618

Zazouli et al. reported that the optimum
contact time for removal of 4-CP from aqueous
solution by Azolla filiculoides biomass was
obtained at 75 minutes.2 Bilgili showed that
the sorption of 4-CP from aqueous media by
XAD-4 resin reached equilibrium at contact
time of 120 minutes.!5 Therefore, in this study,
the contact time of 40 minutes was selected for
the subsequent experiments.

Figure 1. The scanning electron microscopy (SEM) image of activated carbon (a) before
and (b) after the uptake process
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Kinetic study

Kinetic models are suitable for designating the
sorption mechanism of 4-CP on the adsorbent
surface. In this study, the experimental data
was fitted by pseudo-first order and pseudo-
second order kinetic models in order to attain a
better understanding from the sorption process
and the results are presented in table 1. The
pseudo-first order kinetic model 2426 can be
illustrated by equation (2):

In(ge — q¢) = Inqe — k4t 2)

Where ge and q: (mg/g) are the values of 4-
CP adsorbed onto the activated carbon surface
at equilibrium and at time t (minute),
respectively. Moreover, K; (1/minute) is the
rate constant of the pseudo-first order kinetic
model. K; and g. were determined from linear
plot of In (qe — q¢) versus time (minute), which
are obtained from the slope and intercept,
respectively.

The experimental data of 4-CP sorption was
also analyzed wusing pseudo-second order
kinetic model.2#27 This sorption kinetic model
can be shown by the following equation:

t 1 + t 3)
de koqg Qe
Where ge and q: (mg/g) are similar to the
pseudo-first order kinetic model, and K:
(g/mg. minute) is the rate constant of the

B 0.7 4
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pseudo-second order kinetic. K» and ge can be
obtained from the intercept and slope of

qi against time in equation 3, respectively.
t

Figures 2 (b) and (c) show the pseudo-first
order and pseudo-second order kinetic models
for the adsorption of 4-CP from aqueous
solutions by activated carbon obtained from Aloe
vera green waste. The higher liner correlation
coefficient (R2 > 0.98) of the pseudo-second order
kinetic model showed that the pseudo-second
order kinetic model fitted the experimental data
better than other kinetic models described earlier.
Ahmed and Theydan showed that the removal of
4-CP from aqueous solution using activated
carbon from Albizia lebbeck seed pods followed
the pseudo-second order kinetic model.5> Zazouli
et al. also illustrated that the equilibrium data of
4-CP removal using Azolla filiculoides biomass
was well described by the pseudo-second orde
kinetic model.2 These results are in agreement
with those reported by Tseng and Tseng?® and
Wu et al? for 4-CP adsorption on activated
carbons prepared from different agricultural
precursors.

Effect of solution pH and adsorbent dosage
The solution pH is a substantial parameter in
the sorption system.’ The solution pH has a
control effect on the ionization, dissociation,
nature, and surface properties of the sorbent.3

! 60
2 ¢ b ° C
6 0.6 -
. . . . 50 i /,/,
5 @ 0.5 o
~4 04 40 -
o ® = R? =0.9884
B3 2 03 e . - 30 '
£ = ] R2=0.7472 =
&2 o 02 20
o Ps o ° o
0.1 - \
" 10  o°
‘e ! ! 1 T T | 0 ! . ! o
0 20 40 60 80 100 120 019 20 40 60 0 ‘ ‘ ‘
' ' t (minute) 0 50 100 150
Time (minute) -0.2 t (minute)

Figure 2. (a) Effect of contact time on the sorption of 4-CP (adsorbent dosage =

3 g/l, and initial

concentration = 20 mg/l at the initial solution pH), and (b) pseudo-first order and (c) pseudo-second

order kinetic models
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Pseudo-first order

Table 1. Parameters of pseudo-first order kinetic and pseudo-second order kinetic models

Pseudo-second order

Adsorbate e Ky Ge. K, h
experimental P experimental P 7 calculated
(mg/g) (1/minute) (Mg/9) (g/mg.minute) (g/mg.minute) (mg/g)
4-CP 5.85 0.0069 0.74 6.59 0.49 0.41 6.3 0.98
7 14
) a g b
6 12 - o
[ J
5 - [ ) 10 - ®
2 47 S 8 -
= i<
£ 5 E ¢
(=2 . o o
2 4 -
1 2 -
0 : : : : ! 0 T T T T 1
(] 2 4 6 8 10
0 2 4pH 6 8 10 Adsorbent dosage (g/l)

Figure 3. (a) Effect of pH on the adsorption of 4-CP (contact time = 40 minutes, adsorption
dosage = 3 g/l, and initial concentration = 20 mg/l) and (b) effect of adsorbent dosage on the
adsorption of 4-CP (contact time = 40 minutes, initial concentration = 20 mg/l, and pH = 2)

The influence of pH on the removal of 4-CP
was investigated and the results are illustrated
in figure 3 (a). As can be seen, the increasing of
solution pH had a significant effect on the
decreasing of 4-CP sorption by activated
carbon. This result may be due to change in
surface charge of 4-CP molecules and
functional groups of the sorbent. The isoelectric
point of the natural sorbent was found to be at
pH of 11.3. At the lower pH values of the
isoelectric point, there is a positive charge on
the sorbent surface which will promote
reaction with 4-CP. Radhika and Palanivelu
reported that at a pH of 2, the adsorbent
surface has more positively charged sites, but
with the increase in solution pH, the sorption
of 4-CP decreases.?2 Thus, the optimum pH for
the removal of 4-CP by carbon in this study
was chosen as a pH of 2.

The effect of different dosages of Aloe vera
green waste-based activated carbon was
evaluated in an initial 4-CP concentration of 20
mg/1 at room temperature and the results are
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presented in figure 3(b). It was observed that
with increasing the adsorbent dosage from 1
g/l to 9 g/l, the adsorption capacity was
reduced. The decrease in the sorption value of
4-CP in higher dosages of Aloe vera green
waste activated carbon may be due to the
unavailability of the pollutant molecules and
their inability to cover all the active sites on the
adsorbent surface. In other words, a large
number of the surface active sites of the
adsorbent cannot reach saturation state at high
Aloe vera green waste activated carbon
dosages. Therefore, a 1 g/l dose of Aloe vera
green waste activated carbon was chosen as the
optimum dosage for the next stages. Bilgili
illustrated that the sorption of 4-CP from
aqueous media remained almost constant at
sorbent dosages greater than 10 g/1.15

Effect of initial concentrations of 4-CP

The influence of initial concentrations of 4-CP
on the sorption capacity was investigated and
the results are illustrated in figure 4 (a). It is
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evident that the sorption capacity of activated
carbon prepared from Aloe vera green waste
rapidly increased with the increasing of 4-CP
in the solution. This can be due to accessibility
of vacant sites of the adsorbent surface and
increase in the driving force of 4-CP including
the van der Waals force to the active sites of the
adsorbent; this state can occur at higher 4-CP
concentrations.

Isotherm study

When the sorption process reaches an
equilibrium state, the study of adsorption
isotherms is necessary in order to explain the
distribution of adsorbate molecules between
liquid and solid phases. Moreover, the
isotherms can provide information about the
heterogeneity and homogeneity of the
adsorbent surface.®® In this study, the
experimental data were analyzed by Langmuir,
Freundlich, and Tempkin isotherms in initial
concentration of 10-100 mg/1 at contact time of
12 hours and the results are presented in
table 2.

The Langmuir isotherm assumes that
monolayer uptake occurs at binding sites with
homogenous energy levels.’* This isotherm
model predicts the maximum sorption capacity
of 4-CP on the homogenous surface of Aloe
vera green waste-based activated carbon. The
Langmuir isotherm can be linearized using
equation (4):

Ce ( 1 >+ Ce 4
de  \bQm/  Qm ®

Where C. (mg/l) is the equilibrium
concentration of 4-CP, q. (mg/g) the sorption
capacity of Aloe vera green waste activated
carbon in during the equilibrium time. Qm
(maximum adsorption capacity, mg/g) and b
(the Langmuir constant, 1/mg) are obtained
from the slope and intercept of linear plots of
Ce/qe versus Ce, respectively.

The essential property of the Langmuir
isotherm model is a dimensionless constant
separation  factor, Ri, or equilibrium
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parameter3427 and is defined by equation (5):

1
Ri=17 bC, ®)

Where b is the Langmuir constant and Gy is
initial adsorbate concentration (Langmuir
isotherm). The value of R. demonstrates that
the sorption system is unfavorable (R. > 1),
irreversible (Rr = 0), liner (RL = 1), or favorable
(0 < Rr <1). Based on the value of Ry (0.92), the
sorption system of 4-CP on the activated
carbon was favorable.

The Freundlich isotherm model can be
applied for non-ideal adsorption on
aheterogeneous surface of sorbent.3> The
Freundlich isotherm model can be described by
equation (6):

1
Inqe = InK¢ + (B) InC, (6)

Where qe is the sorption capacity, Co is
initial adsorbate concentration (Langmuir
isotherm), K (1/g) and n are constants of the
isotherm and illustrate the capacity and
intensity of the adsorption, respectively. In this
isotherm model, n demonstrates the adsorption
intensity. Kf and n are obtained from the
intercept and slope of plotting In ge versus In
Ce, respectively. The values of n higher than 1
illustrate that the sorption bonds between
pollutant and adsorbent surface have been
powerfully formed. An n value higher than 1
and less than 10 shows that the adsorption
process is suitable. In this study, the value of n
calculated using the Freundlich model was
1.13. Therefore, the value of n illustrated that
the adsorption bonds between 4-CP and Aloe
vera green waste activated carbon was
appropriately strong. Figures 4 (b) and (c)
show the Langmuir and Freundlich isotherm
models plot for the adsorption of 4-CP on the
activated carbon surface.

Tempkin illustrates the influence of some
indirect sorbate/adsorbate interactions on the
adsorption isotherm.3637 The Tempkin isotherm
is applied through equation (7):
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g¢ = B1InK; + B;InC, 7 vera green waste activated carbon was well
described by the Freundlich isotherm. Similar
results were reported by Radhika and
Palanivelu for the removal of 4-CP from
aqueous solution using coconut shell activated
carbon.32  Kuleyin  reported that the
experimental data of 4-CP removal using
surfactant-modified natural zeolite are well
described by the Freundlich isotherm model.1¢

Where q. (mg/g) is the adsorption capacity
at equilibrium time, C. (mg/l) is the
equilibrium concentration of 4-CP, and B; and
K; are Tempkin constants. Amounts of B; and
K are calculated from the plot of g. versus In
Ce. Figure 4 (d) shows the Tempkin isotherm
model plot for the sorption of 4-CP. The
adsorption isotherm model of 4-CP by Aloe
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Figure 4. (a) Effect of initial concentration on the adsorption of 4-CP (contact time = 40
minutes, adsorption dosage = 1 g/l, and pH = 2) and (b) Langmuir, (c) Freundlich, and (d)
Tempkin isotherms

Table 2. Parameters of Langmuir, Freundlich, and Tempkin isotherms
Freundlich

Adsorbate Om b
(mg/g) (I19)
47.6 0.0042 0.94 0.92 0.23 1.13 0.99 11.37 0.029 0.95
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Table 3. Comparison of the maximum monolayer adsorption capacities of 4-CP with activated carbon from
various adsorbents

Adsorbent

Ref.

‘ Maximum sorption capacity = Contact time ‘ Temperature

(mg/g) (°k)
Aloe vera green waste-based activa

carbon 47.60 12.00 298 This study
Zeolit 12.70 8.00 293 16
Azolla filiculoides biomass 8.24 1.15 298 22
Rice husk 44.64 2.00 288 38
Cork 93.84 168.00 298 39
Chitosan 20.49 - 303 18

Comparison with other studies Medical Sciences.

The maximum adsorption capacity of 4-CP by
activated carbon in this study was 47.6 mg/g.
This value has been compared with qm
obtained in the literature for activated carbons
prepared from various agricultural and
industrial wastes (Table 3). It can be observed
in table 3 that the activated carbon prepared
from Aloe vera green waste can be considered
as an effective adsorbent for uptake of 4-CP
from aqueous media.

Conclusion

In this batch study, Aloe vera green waste
activated carbon was used as an adsorbent for
the uptake of 4-CP from aqueous solutions.
The optimum contact time for the removal of 4-
CP by carbon was 40 minutes. Moreover, the
optimum pH acquired was 2. The Freundlich
isotherm model and pseudo-second order
kinetic model described the data better than
other isotherm and kinetic models. It can be
concluded from this study that Aloe vera green
waste-based activated carbon can be employed
as a low-cost adsorbent for the removal of 4-CP
from aqueous solution.
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Abstract

Original Article

In this work, removal of ammonia from synthetic wastewater using integrated fixed-film activated sludge (IFAS)
process was optimized using response surface methodology (RSM). The main operating parameters such as
ammonia concentration rate (ALR) and hydraulic retention time (HRT) were optimized to acquire the maximum
removal efficiency. The linear, 2FI, quadratic, mean, and cubic models were utilized for modeling of the parameters.
Residual nitrate and nitrite were determined as the byproducts. The results showed that the actual data fitted well
with the predicted results. The maximum ammonia removal achieved using mean, linear, 2Fl, quadratic, and cubic
models were 59.88, 79.05, 79.32, 77.11, and 78.65%, respectively. Nitrate and nitrite were determined in
ammonia concentrations of higher than 100 mg/Il. The obtained results showed that RSM is a suitable technique
for the optimization of conditions for the maximum removal of ammonia.
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Introduction
Nitrogen compounds such as
ammonium/ammonia ions are the main
pollutants in water and wastewater. Discharge
of ammonia into environmental resources can
lead to various health and environmental
problems such as eutrophication, oxygen
depletion, and toxicity.! Water and wastewater
containing large quantities of
ammonium/ammonia ions can have adverse
effects on human health (metabolic diseases)
and the environment (such as eutrophication
and overgrowth of plants).2 Jon exchange,
electrodialysis (ED), reverse 0SMosis,
electrocoagulation, and biological treatments
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Abbas Rezaee
Email: rezaee@modares.ac.ir

are proposed for the removal of ammonia from
aqueous sources.> Among the proposed
techniques, biological processes have various
advantages such as their low cost, low
operation handling, reliability, and efficacy,
and  being  environmentally  friendly.
Conventional biological removal of
nitrogenous compounds is performed using a
two-step process involving nitrification and
denitrification.* The two-step nitrification-
denitrification process using ammonia and
nitrite oxidizing biomass is preformed via
conversion of ammonium (NH#*) to nitrate
(NO?), and finally, to Nz gas.>7 These two
stages are illustrated as the following reactions:

3 Ammonia oxidiziers biomass

NH} + 50, NOz; +2H* +H (1)
1 Nitrite oxidiziers biomass

No; +-0, NO; +2H*+H (2)
2
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Denitrification pathway can be summarized
by the following reactions:

_ Denitifying biomass 1
-

1 _ 5 3
ENO3 +gH++e N +EH20 (3)

10 2

_ Denitifying biomass 4
-

1 _ 4 2
ENOZ +§H++e NZ +EH20 (4)

6

Reactions 3 and 4, respectively, show anoxic
growth on nitrate and anoxic growth on nitrite.
Nitrification and denitrification are conducted
simultaneously for nitrogen removal, but
efficient and reliable nitrogen removal requires
long solid residence time. Fixed-film processes
such as integrated fixed-film activated sludge
(IFAS) or moving bed biofilm reactors (MBBR)
have been shown to be successful in
simultaneous nitrification and denitrification.?
The enhanced removal of chemical oxygen
demand (COD) and biological nutrient
(nitrogen and phosphorus) removal have been
well demonstrated using IFAS.? Optimization of
operating parameters is an important method in
various fields of sciences. Presently, response
surface  methodology (RSM) is applied
successfully in many scientific fields such as
biology, chemistry, medicine, and economy.10
RSM was proposed by Box et al. in the 1950s.1!
RSM is based on an experimental design with
the final goal of evaluating optimal functioning
of industrial facilities, wusing minimum
experimental effort.0. The aim of the present
study was to optimize ammonia concentration
and hydraulic retention time (HRT) for the
determination of the best conditions of
ammonia removal through IFAS process. To the
best our knowledge and according to the
literature review, the optimization of operating
factors of ammonia removal through IFAS
process has not been reported.

Materials and Methods

Bench-scale experiments were conducted using
a plexiglass reactor with total volume of 13 1
(100 x 10 x 15 cm dimensions) (Figure 1). All
chemicals used in this work were analytical

J Adv Environ Health Res, Vol. 3, No. 2, Spring 2015 131

reagent grade and they were used without
further purification. A general medium
containing 500 mg/l dextrose, 12 mg/]
potassium dihydrogen phosphate, 16 mg/1
dipotassium phosphate, 18 mg/l calcium
chloride, and 24 mg/1 magnesium sulfate was
used at the start-up. The synthetic wastewater
was continuously pumped to the reactor for
42 days. The HRT of the reactor was adjusted
at 12 hours. The pH was adjusted normally at
7 £ 0.2. The mixed liquor suspended solids
(MLSS) was adjusted at 2.5 g/1 with HRT of 24
hours start-up period. All experiments were
performed at room temperature (25 £ 1 °C).
Ammonia, nitrite, nitrate, and COD were
analyzed according to standard methods.
Nitrate was determined using
spectrophotometer at Amax of 220 nm. The
Nitrite content was analyzed through
colorimetric method and sulfanilamide and
naphthylethylendiamine dihydrochloride
regents at Amax of 543 nm. The determination
of ammonia content was conducted through
phenate method.

Figure 1. Schematic representation of
experimental setup for integrated fixed-film
activated sludge (IFAS) process [1) feed tank, 2)
fixed film, 3) media, 4) sedimentation tank, 5)
returne active sludge, 6) internal recirculation, 7)
blower, 8) air diffuser]
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RSM offers an empirical relationship
between the response function and the
independent variables. In this study, the
coefficients of the response functions for
various dependent variables were determined
with the response functions using the Design-
Expert regression software (trial version, Stat-
Ease Inc., Minneapolis, MN, USA) regression
program. The least squares technique was used
to evaluate polynomial approximation. The
central composite design (CCD) was used to
analyze the main parameters (x;: ammonia
concentration, x: HRT). Wastewater was
prepared with COD of 500 mg/1 and different
concentrations of ammonia (20, 43, 60, 88, and
100 mg-N/1). According to the primary design,
HRT was adjusted in 4, 5.75, 10, 14.25, and 16
hours for -a, -1, 0, +1, +a, respectively. Based
on the experimental runs, a total of 13 runs of
the CCD experimental design and response are
presented in table 1.

Results and Discussion

During the start-up period, ~89.5% ammonia
removal was achieved at a constant ammonia
load of about 32 mg-N/1 and HRT of 16 hours.
The percentage of COD removal was
determined between 66.8 to 94.86% during 42
days since the start-up.

Based on the experimental runs, a total of 13
runs of the CCD experimental design were

conducted. The coefficient of variation (CV) is
the value of the reproducibility of the model
and should be lower than 10%. The predicted
R-squared amount was agreed with the
adjusted R-squared. The difference between R-
squared and adjusted R-squared values should
not be more than 0.2. The analysis of variables
with statistical values and constant are
presented in table 2. A significant lack of fit
implies that there may be some systematic
variation unaccounted for in the hypothesized
model.2 Ammonia removal efficiency was
predicated based on the final equation for
coded and actual factors. The final first-order
and second-order (polynomial) regression in
terms of coded and actual factors for all
applied models are represented by the
following equations.

Final equations in terms of coded factors:
RaMean = +66.06 (5)

Ra  Linear =+66.06 - (2.50 % x1) + (13.25 % x) (6

Rayp = +66.06 - (2.50 X X1) + (13.25 X Xz) +
(2.28 X X1 X Xz) (7)

Raguadratic = +65.79 - (2.50 X x1) + (13.25 X x2)
+ (228 X x1 X x2) - (0.32 x x12) + (0.76 X x22) (8)

Racure = +65.79 - (1.82 x x1) + (10.77 x
Xz) + (2.28 X X1 X Xz) - (0.32 X X12) +
(0.76 X X22) + (4.96 X X712 X Xz) - (1.35 X X1 X
x22) )

Table 1. The central composite design (CCD) using natural and coded factors

Run = Precedence ~ Ammonia concentration (mg-N/L) HRT (hour)

1 11 88

4 60
3 5 60
4 12 88
5 13 10C
6 1C 60
7 6 60
8 60
9 3 32
10 8 60
11 9 60
12 2 32
13 1 20

X
5.7F 1 =l
10 0 0
10 0 0
14.25 1 1
10 2 0
16 0 2
10 0 0
4 0 -2
14.2¢ -1 1
10 0 0
10 0 0
5.7F =l =l
10 -2 0

HRT: Hydraulic retention time; X1: Minimum level; X2: Maximum level
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Table 2. Statistical analysis of models

Linear

2FI

Quadratic

Cubic

Model

Lack of Fit
R2
Adjusted R2
Predicted R2
Adequate Precision
SD
C.V. %
Model
Lack of Fit
R2
Adjusted R2
Predicted R2
Adequate Precision
SD
C.V. %
Model
Lack of Fit
R2
Adjusted R2
Predicted R2
Adequate Precision
SD
C.V. %
Model
Lack of Fit
R2
Adjusted R2
Predicted R2
Adequate Precision
SD
C.V. %
Model
Lack of Fit
R2
Adjusted R2
Predicted R2
Adequate Precision
SD
C.V. %

P-valueProb > F Result

0 -

8 46.04
2 58.87
6 4.19
3 43.04
5 4.05
5 21.24
3 6.34
7 24.51
1 6.54

0.0011
0
0
-0.17

11.46
17.35
< 0.0001
0.0934
0.92
0.90
0.84
22.19
3.51
5.32
< 0.0001
0.0999
0.93
0.91
0.78
19.98
3.38
511
0.0004
0.0532
0.93
0.89
0.62
14.92
3.73
5.65
0.0014
0.0628
0.97
0.93
-0.14
16.12
2.99
4.52

Significant

Significant

Not Significant

Significant

Not Significant

Significant

Not Significant

Significant

Not Significant

Final equations in terms of actual factors:
RaMean = +66.065

Ravinear = +40.15 - (0088 X

concentration) + (3.12 x HRT)

Ra om

+51.52 - (028 x
concentration) + (1.98 x HRT) + (0.019 x

ammonia concentration x HRT)

Raguadratic = + 54.06 - (0.23 x ammonia

ammonia

ammonia

http://jaehr.muk.ac.ir
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concentration) + (1.14 x HRT) + (0.019 x

(10) ammonia concentration x HRT) - (3.94 E-004 x

ammonia concentration2) + (0.042 x HRT2) (13)

(11) Racuvic= Not available for aliased models.
(14)

Predicated efficiencies were calculated

(12) using equations 4-14. It was found that the

calculated values were similar to experimental
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removal data. According to the obtained
results, a uniform removal efficiency pattern
was provided for each run (Figure 2).

The adequacy of a model can be evaluated
by diagnostic plots such as a normal
probability  plot of the studentized
residuals and a plot of predicted versus actual
values.10

Figure 3 illustrates three dimensional
graphics response surface plots of the main
parameters and their interactions for ammonia
removal efficiency.

The mean model did not change in
efficiency for different amounts of ammonia
concentration and HRT (Figure 4a). However,
in the other models, the ammonia efficiency
increased with the increasing of HRT at lower
ammonia concentrations (Figures 4b-e). To
create favorable conditions for nitrification and
denitrification, continuous operation and a
relatively long HRT are required.’® HRT is the
main operating variable for biological
stabilization. Moreover, solid retention time
(SRT) is one of the major factors that contribute
to different treatment performances and
biomass characteristics.’® It has been reported
that complete nitrification occurred when HRT
was longer than 3 hours. The total nitrogen

removal rate was low at HRT of less than 3
hours due to limited partial nitrification.4
Rostron et al. similarly reported low
nitrification at HRT of less than 3 hours. In this
condition, very little nitrate was produced.’> In
the numerical optimization, a minimum and a
maximum level have to be provided for each
parameter.l¢ The level of all parameters within
the range of investigation was optimized for
maximum ammonia removal. Under optimal
conditions, maximum ammonia removal was
predicted for each model.

In the numerical optimization, a minimum
and a maximum level must be provided for
each parameter. For several responses, the
goals are combined into an overall desirability
function.’® Desirability is defined as an
objective function that ranges from zero (0.00),
outside of the limits, to one (1.00), at the goal.
The program seeks to maximize this function.
By starting from several points in the design
space, chances for finding the best local
maximum improve.l” Level of all parameters
within the range of investigation was set for
maximum ammonia removal. With regard to
numerical optimization, at optimal conditions,
the maximum ammonia removal value was
predicted for each model (Table 3).

>
8 95 - - OEXp.
.g g OMean Co.
% 85 - [ ] g + Mean Ac.
= 75 ﬁ XLinear Co.
> .
g E MLinear Ac.
© 65 - [ g g [& E AW ETEM 5 (4] 0 2FI Co.
9 =2Fl Ac.
e 55 -
% G ~Quadratic Co.
Qo 45 - g =~Quadratic Ac.
o 35 < Cubic Co.
0 2 4 6 10 12 14

Run Number

Figure 2. Ammonia removal efficiency pattern for applied models
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Figure 3. Ammonia byproducts from integrated fixed-film activated sludge (IFAS)

process at different loading rates of ammonia

To approve the validity of the optimized
points, an experiment was carried out with the
parameters suggested by the model. The
obtained result shows 95% similarity. The
results confirmed the validity of the model,
and the experimental values were determined
and found to be quite close to the predicted
values. Under these conditions, the
experimental value for ammonia removal was
found to be 59.88, 79.05, 79.32, 77.11, and
78.65% for mean, linear, 2FI, quadratic, and
cubic models, respectively. The obtained
results showed that an efficient nitrification

J Adv Environ Health Res, Vol. 3, No. 2, Spring 2015 135

potential (79.32% for 2FI model) is provided by
IFAS reactor. Similar to the current study,
many researchers have studied the potential of
nitrification using different biosystems that can
be seen in table 4.15.18-21

In order to monitor ammonia conversion to
N> gas and nitrate, residual nitrate/nitrite (sum
of NOy and NOs) was determined for high
ammonia concentrations (20-100 mg-N/1) and
HRT of 14.25 hours. High amounts of
byproducts were seen at 100 mg-N/l of
ammonia (Figure 3). At this ammonia
concentration, nitrate and nitrite values were

http://jaehr.muk.ac.ir
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Figure 4. Three-dimensional graphics of
response surface for ammonia removal
efficiency in (a) mean, (b) linear, (c) 2FI, (d)
guadratic, and (e) cubic models

determined at ~2642 mg/l. In most
wastewater treatment plants, nitration is
presented by nitrogen oxidizing bacteria such
as the genus Nitrospira and Nitrobacter.” From
the results it can be seen that a long HRT is
required to treat the higher ammonium
concentrations. This can occur due to the very
slow growth of autotrophic nitrifiers. In the
case of Nitrobacter sp. (as a dominant species

of nitrite oxidizing bacteria), generation times
have been reported at about 18 and 69 hours,
and this can provide a low cell yield.2 On the
other hand, during short HRTs, a small amount
of ammonia is converted to nitrite and other
intermediates, which implies that the
denitrifying bacteria has limited access to
electron sources.?

Conclusion

The results of this study showed that
maximum ammonia removal was acquired at
59.88, 79.05, 79.32, 77.11, and 78.65% in the
mean, linear, 2FI, quadratic, and cubic models,
respectively. High correlation coefficient (r2)
was observed for linear (0.92), 2FI (0.93),
quadratic (0.93), and cubic models (0.97).
Therefore, the actual data fitted well with the
predicted results. A higher amount of
ammonia byproducts were observed at 100 mg-
N/1 of ammonia. At this ammonia concentration,
total concentrations of nitrate/nitrite were
determined at about 26.42 mg/1.
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Table 3. Numerical optimal conditions and maximum predicted removal

HRT (h) \ Removal Efficiency (%)  Desirability

\ Ammonia concentration (mg-N/I)

Mean 60
Linear 32
2FI 32
Quadratic 50
Cubic 32

8.06 66.06 0.55
14.25 81.81 0.93
14.25 79.53 0.88
14.25 79.84 0.89
14.25 82.86 0.96

HRT: Hydraulic retention time

Table 4. Literature review

Wastewater type \ Reactor
Synthetic feed IFAS
Synthetic feed Linpor and Kaldnes
Refinery wastewater Activated sludge
Synthetic feed Activated sludge
Synthetic feed Activated sludge
Domestic wastewater IFAS

Nitrification rate (%) \ References \
79.32 for 2FI% model Current study
35-40% Rostron et al’
over 90% Fang et af®
nearly 100% Campos et af’
98% Ruiz et af*
over 87% Regmi et af®

IFAS: Integrated fixed- film activated sludge
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Abstract

Every year, migratory waterfowl are hunted and consumed by people in Golestan Province of Iran. Due to the heavy
metal contamination of wintering habitats, an estimation of the human health risks associated with the consumption
of these ducks is necessary. Therefore, this study was conducted to estimate the health risks of exposure to cadmium
(Cd), total chromium (Cr), iron (Fe), lead (Pb), and zinc (Zn) due to the consumption of pectoral muscle of mallard (Anas
platyrhynchos) and pochard (Aythya ferina) harvested and hunted in the South-Eastern Caspian Sea region of Iran. The
mean values of these metals in the pectoral muscle of mallards and pochards were used to calculate estimated daily
intake (EDI), estimated weekly intake (EWI), and target hazard quotients (THQ). The EDI (ug/day/70 kg body weight) for
Cd, Cr, Fe, Pb, and Zn in mallard were 0.2, 0.04, 58, 1.1, and 12.8, respectively. The EDI (ug/day/70 kg body weight)
for Cd, Cr, Fe, Pb, and Zn in pochard were 0.8, 0.1, 69, 0.8, and 13.4, respectively. The estimated total THQ (higher
than 1) indicated that heavy metal levels in pochard flesh were unsafe for consumption. The EDI and EWI of the
metals examined were below those recommended by the Joint FAO/WHO Expert Committee on Food Additives (JECFA)
and oral doses suggested by the United States Environmental Protection Agency (USEPA). There appears to be little
risk of exposure to metals associated with the consumption of mallard and pochard in this regjon.

KEYWORDS: Heavy Metals, Risk, Ducks, Food Additives, Humans

Date of submission: 19 Oct 2014, Date of acceptance: 22 Jan 2015

Citation: Sinkakarimi MH, Pourkhabbaz AR, Hassanpour M, LewenlgJM, Ghasempouri SMPotential
human health risk assessment of heavy metals in the flesh of mallard and pochard in the South Eastern
Caspian Searegion of Iran. J Adv Environ Health Res 2015; 3(2): 139-45.

Introduction
Contamination of the environment with metals
is increasing, and may pose a threat to some
species and populations. They may exert
beneficial or harmful effects on plant, animal,
and human life depending wupon the
concentration.! These elements are introduced
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into the environment through various routes,
such as smelting processes, fuel combustion,
and industrialization.! They make their way
into aquatic systems through atmospheric
fallout, dumping of wastes, accidental leaks,
runoff from terrestrial systems (industrial and
domestic effluents), and geological

weathering.2 Birds obtain heavy metals from
their food and the surrounding environment,
and their body burdens represent a balance
between rates of intake and elimination.3
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Heavy metals discharged into the aquatic
environment can damage both aquatic species
diversity and ecosystems, due to their toxicity
and accumulative  behaviour.*  Inorganic
contaminants such as Cd, Cr, and Pb are among
the most studied metal contaminants. These
metals react with  diffusing ligands,
macromolecules, and ligands present in
membranes, which mostly cause
bioaccumulation and biomagnification in the
food chain, persistence in the environment, and
disorders in the metabolic processes of living
organisms.’

High concentrations of metals in the
Gomishan and Miankaleh Wetlands of North-
Eastern Iran are of great concern due to their
potential effects on wildlife and human health.¢
These two wetlands are under the protection of
the Ramsar Convention. With the rapid
industrialization and economic development in
the watershed, pollution has become
widespread in these areas.¢

The objectives of this study were to
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determine the concentrations of cadmium (Cd),
chromium (Cr), iron (Fe), lead (Pb) and zinc
(Zn) in the pectoral muscle of mallard and
pochard from Miankaleh and Gomishan
International wetlands and to assess the
potential human health risk for hunters’ family
members via consumption of the ducks. To our
knowledge, this is the first study of the metal
exposure risk from consumption of flesh of
ducks wintering in the South Eastern Caspian
Sea region, Iran.

Materials and Methods

During the winter of 2012, 30 mallard (15
males and 15 females) and 30 pochard (15
males and 15 females) ducks were shot in the
Miankaleh (36° 20" N, 53° 43' E) and
Gomishan (54° 53' N, 37° 9' E) International
Wetlands under license of the Environmental
Protection Agency of Golestan, Iran. These
sites are among the important wetlands and
wintering areas for birds in the Middle East
(Figure 1).

Figure 1. Sampling sites in the South East of the Caspian Sea
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Upon collection, specimens were
immediately transported to a laboratory where
pectoral muscles were excised and samples
frozen for later analysis. Median body mass
and total length of mallard were 1.178 kg and
55.95 cm and of pochard were 0.924 kg and
44.1 cm, respectively. Approximately 5 g of wet
tissue of pectoral muscle was placed in a
porcelain crucible and dried at 135 °C for 2
hours. Samples were then transferred to a cool
muffle furnace and the temperature was slowly
raised to 450-500 °C overnight. After cooling, 2
ml of HNO; were added and the sample was
then heated on a hot plate until dry. The
sample was returned to the cooled furnace and
the temperature was raised to 450-500 °C for an
hour. After cooling, 10 ml of 1IN HCL were
added and heated on the hot plate to dissolve
the ash. Digested samples were filtered and
diluted to 25 ml in 1IN HCL7 Metal
concentrations were determined using an
atomic absorption spectrophotometer (GFS97,
Thermo Electron, Cambridge, UK). The
accuracy of the analysis was confirmed by
measuring certified reference material tissue
(DORM-2;  National Research  Council,
Canada). Recoveries ranged from 95 to 105%.
Detection limits (pg/g) were 0.004 for Cd, 0.03
for total Cr, 0.05 for Fe, 0.001 for Pb, and 0.005
for Zn. The concentrations of metals in samples
were expressed as microgram per gram wet
weight (pg/g ww).

THQ was calculated according to the
guidelines of the United States Environmental
Protection Agency (USEPA).8 Based on the
USEPA guidance, we assumed that the
adsorbed contaminant dose was equal to the
ingestion dose and that cooking had no effect
on the contaminants.8 Furthermore, because of
the unavailable oral reference dose (RD,) of
Pb, the value is specified as the permissible
tolerable daily intake (PTDI) suggested by the
Joint FAO/WHO Expert Committee on Food
Additives (JECFA) 2013.9
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THQ was calculated using the following
equation:

THQ = (EF x ED x MS x C)/(RD, x BW x
AT) x 103 (1)

where THQ is the Target Hazard Quotient,
which indicates the ratio between exposure and
reference dose. A THQ of higher than 1 means
that the THQ is higher than the daily reference
dose and systemic effects may occur.’? In
general, the R{D, is an estimate (with
uncertainty spanning perhaps an order of
magnitude) of the daily exposure of the human
population (including sensitive subgroups) that
is likely to be without an appreciable risk of
deleterious effects during a lifetime. EF is the
exposure frequency or number of exposure
events per year of exposure (about 182.5 days)
and ED is the exposure duration (72 years).!! MS
is the meal size of 95 g; Sinkakarimi et al.
indicated that a Golestan province hunter’s
family members consume about 95 g/day of
waterfowl.6 C is the metal concentration (ug/g
wwt). R, 1is the oral reference dose
(pg/g/day); the RD, values used in this study
were 1 x 103 for Cd, 7 x10 for Fe, 4 x 103 for
Pb, and 3 x 10 for Zn.>12 BW is the body weight
of 70 kg, and AT is the averaging time (it is
equal to EF x ED).

In this study, total THQ is treated as the
arithmetic sum of the individual metal THQ
values, obtained using the method of Chien et al.3

Total THQ (TTHQ) = THQ (toxicant 1) +
THQ (toxicant 2) + ... ... + THQ (toxicant n) (4)

The estimated daily intake (EDI) and
estimated weekly intake (EWI) depend on both
the metal concentration in food and the daily
and weekly food consumption. In addition,
body weight influences the tolerance to
contaminant exposure. The EDI and EWI
account for these factors and are calculated as
follows:

EDI (ug/g/daily) = (MSx O)/BW ()
EWI (ug/ g/ week) = (MS x C)/BW 3)
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Results and Discussion

Concentrations of metals

The concentration of metals in the pectoral
muscle tissue of mallard and pochard follows
the sequence Fe > Zn > Pb > Cd > Cr (Table 1).
Lead is a non-essential element and it is well
documented that Pb can cause neurotoxicity,
nephrotoxicity, and many other adverse health
effects.4 The maximum permitted
concentration of Pb in food proposed by both
the Australian National Health and Medical
Research Council (ANHMRC) and Spanish
legislation are 2.0 pg/g as wet weight basis.1516
Moreover, the United Kingdom has a legislated
permissible level for Pb in food of 1.0 ng/g.1” In
our study, the concentrations of Pb in mallard
and pochard flesh were lower than these
thresholds (Table 1). In contrast, the European
Commission (EC) and Institute of Turkish
Standards for Food (ITSF) considered 0.1 and
0.5 pg/g w.w, respectively, as the permissible
threshold for Pb in food.’8° The flesh of
mallard and pochard we examined clearly
exceeded this lower threshold and, according
to these guidelines, pose health risks to
humans consuming them. In a similar study in
Poland, Binkowski examined Pb levels in the
flesh of mallard and coot (Fulica atra), and
concluded that their flesh was unfit for human
consumption.?2 The mean concentration of Pb
(pg/g w.w) in our study was higher than that
in common teal (Anas crecca) (0.32) from
Northern Iran (Sinkakarimi et al.,6
Unpublished data), and mallard (0.23),
garganey (Anas querquedula) (0.48), and
tufted duck (Aythya fuligula) (0.15) from
Warmia and Mazury, Poland.?! It was also
higher than that in mallard (0.04) and coot
(0.06) from Zator, in Southern Poland,? scaup
(Aythya marila) (0.55) from Szczecin Lagoon,
Poland,”2 and gadwall (Anas strepera) (0.92)
from Northern Iran (Sinkakarimi et al.?®
Unpublished data).

The mean Cd concentrations we observed in
mallard and pochard did not exceed the
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maximum permitted concentration of the
ANHMRC (2 pg/g), Western Australian
authorities (5.5 ng/g), and Spanish legislation
(I pg/g).5% On the other hand, observed
concentrations of Cd in the pectoral muscle of
mallards and pochards were greater than the
EC threshold (0.05 pg/g ww) for Cd in
food.151718 Similarly, Binkowski reported that
the flesh of mallard and coot from Poland was
unfit for human consumption due to its Cd
content.?0

The mean concentration of Cd in our study
was greater than that of common teal (0.13)
from Northern Iran (Sinkakarimi et al.?®
Unpublished data), mallard (0.01) and coot
(0.02) from Zator, in Southern Poland,? and
scaup (0.06) from Szczecin Lagoon, Poland.?2

Although naturally occurring, most Cr to
which biota are exposed originate from
anthropogenic activities involved in pigments,
municipal sewage, mining, and refining.2> The
Cr concentrations we observed were lower
than the Western Australian Food and Drug
Regulations’ stated concentration of 5.5 ug/g
for Cr in seafood for consumption.!>

Iron and Zn are essential elements that are
regulated through normal homeostatic
mechanisms.2 The concentrations of Zn we
observed in pochard and mallard flesh were
below the acceptable limit (1000 pg/g) in food
set by the ANHMRC and WHO.1525> The mean
concentrations of Fe and Zn in this study were
within the ranges normally found in other
ducks in other regions.2.26.27

THQ

The health risk of heavy metals in seafood is
usually estimated by the THQ.28 The THQ does
not provide a quantitative estimate of the
probability of an exposed population
experiencing an adverse health effect, but it
does offer an indication of the risk level due to
pollutant exposure. The THQ of each metal we
examined was lower than 1, suggesting that
people would not experience health risks from
consumption of mallards and pochards from
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the wetlands of the South East of the Caspian
Sea (Table 2). On the other hand, values of the
THQ index for total exposure were higher than
1 for pochard, indicating that the estimated
exposure is a major health concern.

Dietary intake

An important aspect in assessing risk to human
health from potentially harmful chemicals in
food is the knowledge of the dietary intake of
such substances that must remain within the
determined safety limits. In the present study,
we have shown that the estimated daily intakes
of Cd, Fe, Pb, and Zn through the consumption
of mallard and pochard by adults are lower
than the acceptable daily intake recommended
by the JECFA (Table 3). With respect to Cr, the
JECFA does not set a provisional tolerable
intake limit. However, comparing the estimated
intake with the oral reference dose suggested by
the USEPA (equal to 3 and 1500 pg/g/day for
Cr VI and Cr III, respectively), our results
indicate that daily intake was lower than this

reference dose (Table 1). Furthermore, our
results for Cd, Zn, and Fe were lower than the
oral reference dose (ng/g/day) suggested by
the USEPA (Cd: 1, Zn: 300, and Fe: 700). No oral
reference dose has been suggested by the
USEPA for Pb or total Cr.8

Conclusion

Prior to this study, no published information
existed on the risks of consuming the flesh of
these popular waterfowl from the Caspian Sea
region. The results of this study indicated that
the estimated provisional permissible tolerable
weekly intake (PTWI) and PTDI values for Cd,
total Cr, Fe, Pb, and Zn in the pectoral muscle
of mallard and pochard were lower than the
values established by various authorities.?>-32 In
addition, THQ indices for total exposure in
pochard were higher than 1.0; thus,
consumption of the pectoral muscle of this
species wintering in the South Eastern Caspian
Sea region was a human health concern.

Table 1. Metal concentrations (mean + Standard deviation) in the pectoral muscle of mallard and pochard

collected from wetlands in the South Eastern region of the Caspian Sea
Species N Pb Cd | Cr Zn Fe

Mallard 30
Pochard 30

0.83 +0.32
0.62 +0.40

0.21 +£0.09
0.59 +£0.37

0.03 +£0.01
0.09 = 0.06

9.46 £ 2.51
9.92 +3.14

43.05 + 12.46
50.88 £17.18

Table 2. Estimated target hazard quotients (THQ) for individual metals and total THQ from consumption
of the pectoral muscle of mallard and pochard from the South Eastern region of the Caspian Sea

Mallard 0.281 0.285
Pochard 0.210 0.801

= 0.043 0.083 0.692

s 0.045 0.045 1.101

TTHQ: Total target hazard quotients

Table 3. The estimated daily and weekly intakes for mallard and pochard flesh by adult humans in the

South East of the Caspian Sea

Metal . PTWI | PTWI PTDI | Mallard EWI (EDI) Pochard EWI (EDI)
Pb 25 1750 250 7.9 (1.10) 5.9 (0.8)

Cd 6 420 60 2.0 (0.20) 5.6 (0.8)

Cr - - - 0.3 (0.04) 0.9 (0.1)

Zn 7000 490000 70000 89.9 (12.80) 94.3 (13.4)

Fe 5600 392000 56000 409 (58.40) 483.4 (69.0)

Mean daily waterfowl consumption in Iran is 95 g per person X

PTWI: Provisional permissible tolerable weekly intake in pg/week/kg body weigfitwl per 70 kg body weight of adults (Lg/week/70

kg body weight); PTDI: Permissible tolerable daily intake (ng/day/70 kg body weight); EWI: Estimated weekly intake (ng/week/70 kg
body weight); EDI: Estimated daily intake (ug/day/70 kg body weight)
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