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Abstract — Maharlu saline Lake is located in the SW of Iran. To assess the environmental pollution of the
lake, the total concentrations of As, Cr, Co, Cu, Cd, Pb, Zn, Ni, Fe, and Mn were determined in the surface
sediments and water of the lake. As and Cr were not detected in the water samples, however, the mean
concentrations of other dissolved metals in Maharlu Lake water were 0.28 mg/1 for Cu, 0.28 pg/l for Cd, 5.17
pg/l for Pb, 0.37 mg/l for Zn, 2.36 pg/l for Ni, 2.88 pg/l for Co, 10.4 mg/l for Fe, and 1.5 mg/l for Mn.
Different water and sediment quality assessment approaches indicated that in this lake, metals can be divided
into three different groups: (a) Co, Pb, and Cd. These metals have the highest enrichment factors (the mean
values are 35.8, 76.9, and >36.6, respectively), geoaccumulation indexes (the mean values are >3), and
contamination factors (11.1, 29, and 8, respectively) compared with other studied elements; thus, the Maharlu
Lake is highly polluted with these metals, and they are mainly from anthropogenic sources; (b) Cu, Zn, and
Ni. Their mean enrichment factor values are 6.6, 3.4, and 6, respectively; their mean geoacumulation indexes
are <I, and their mean contamination factor values are 2, 1.1, and 2, respectively. The enrichment factor of
these metals is higher than 10 only north of the lake. The Maharlu Lake is moderately polluted with these
metals, and they are from both natural and anthropogenic sources; (c) Cr, As, Fe, and Mn. These elements
have the lowest mean enrichment factor (1, 3.5, 2, and 4.2, respectively), geoaccumulation indexes (<0), and
contamination factor (0.32, 0.91, 0.63, and 1.5, respectively) values; thus the Maharlu Lake is not polluted
with these elements, and they are mainly from natural sources. Results indicated that the Maharlu Lake
sediments have a high contamination degree (56.66). Comparisons with consensus-sediment quality
guidelines reveal that Ni and Pb pose the greatest environmental threat to aquatic organisms. In order to
protect the lake from further contamination, the treatment and recycling of wastewaters discharged into the
lake is needed.
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1. INTRODUCTION

Lakes can be readily contaminated by human activity without any obvious signs [1], thus they have long
attracted scientific and environmental interest. Among the various pollutants, heavy metals are the most
toxic, persistent, and abundant that can accumulate in aquatic habitats and their concentration increases
through biomagnification [2, 3, 4]. The most toxic heavy metals Cr, Ni, Pb, Cd, and As. Cr (VI), Ni and
Cd are carcinogenic; As and Cd are teratogenic, and the health effects of Pb include neurological
impairment and malfunctioning of the central nervous system [5, 6]. Although some heavy metals such as
Fe, Mn, Co, Cu, and Zn are essential micronutrients for fauna and flora, they are dangerous at high levels
[6, 7, 8]. Thus, for organisms living in lakes, elevated essential and non-essential heavy metal content may
impart a significant impact on health, reproduction, and survival. Contaminants may eventually pass
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through the food chain to human and result in a wide range of adverse effects. Heavy metals are natural
constituents of lake waters, and some of the essential ones are present at low concentrations. However,
during the last few decades, rapid expansion of human activity has continuously accelerated the risk of
environmental pollution with heavy metals. Distinguishing the anthropogenic inputs from the natural ones
is the basis of environmental management [9]. Heavy metals discharging into a lake from both natural and
anthropogenic sources are distributed between bed sediments (as sink and source of heavy metals) and
aqueous phases. Thus, in evaluating the pollution condition of a water body, both sediments and water
should be considered [10].

The Mabharlu Lake, located 23 Km southeast of Shiraz, SW Iran, is an important habitat for artemia
and various birds. Due to declining water quality, increased mortality rate, and eventual desertion of
immigrant birds, this lake has recently been the subject of heated debates. The reason for the deterioration
of the quality of water is discharge of industrial and urban wastewaters through a seasonal river (Khoshk
River), along with various drainages into the north of the lake. The Khoshk River, as the main tributary of
the Maharlu Lake, passes through Shiraz city. During the last three decades, rapid urbanization and
industrialization of Shiraz has increased the pollution load and accelerated the contamination of river
water [11]. Some possible anthropogenic sources of heavy metal contamination in the Maharlu Lake
watershed include paint factories, electronic production facilities, building material, municipal landfill,
and untreated urban wastewaters.

Figure 1 shows the geological position of Maharlu Lake. The average length and width of the lake are
about 31 and 11 km, respectively. Carbonate and evaporate units from Eocene-Oligocene time surround
the Lake. Some salt diapirs representing the oldest rocks in Iran (Late Protrozoic Hormoz Formation) cut
across carbonatic anticlines and synclines south and east of the lake, and significantly increase the salinity
of the lake water (EC>10000 mS/cm).

In this study, the concentration of As, Pb, Cu, Zn, Cr, Fe, Mn, Ni, Co, and Cd in the water and
sediments (surface and subsurface) of Maharlu saline Lake (SW Iran) is investigated. Some of the
important limnological parameters including pH, EC, temperature, and the concentration of major cations
and anions are also presented. The main aims of this study were:

1. determining background concentrations of the investigated heavy metals

2. assessing the water and surface sediment contamination by heavy metals and prioritizing contaminated
areas for further investigation

3. distinguishing between natural and anthropogenic sources of the studied metals

The results of this study can be used by authorities for directing environmental monitoring,
management, and remediation programs.

2. MATERIALSAND METHODS
a) Sampling

In April 2005, twelve samples of water and surface and subsurface sediments were collected from the
following sampling points: Khoshk River discharging point (sampling sites M;, M, and M3;), west and
east of the lake (sampling sites M4.My), and the center of the lake (sampling sites Mo, M;;, and Mj,).
Figure 1 displays the location of the sampling points. The pH, temperature, and electrical conductivity
(EC) of water were measured in situ. Water samples were collected in 1 L new PE bottles. Surface
sediments (top Scm) were sampled using a Van Veen grab sampler, and then transferred into polyethylene
bags. The water and sediment samples were then kept in an icebox before being prepared for analysis.
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Fig. 1. Geological map of Maharlu saline Lake showing the location of sampling sites

The ‘background concentration’ of heavy metals is very important and useful for determining the
anthropogenic impact on the aquatic ecosystems. In lake sediments, the background concentration mainly
comes either from the watershed soil or the parent rock [9]. The deep sediments with relatively low
concentrations of pollutants may also be considered as background composition [12]. In this study, both
soils surrounding the lake and deep sediment samples were analyzed in order to find the best local
background composition. Soil and background samples were also used for determining the sources of
elements and thus, for distinguishing between their natural and anthropogenic inputs. For this purpose,
five deep sediment samples (2 meter deep) were collected 50 meters from the NE, W, E, and S of the lake
banks. In choosing deep sampling points, care was taken to choose areas least disturbed by anthropogenic
interferences such as rural settlements or agricultural activities. The deep samples were taken using a hand
auger and then were mixed to obtain a composite sample representing background concentration. Twelve
topsoil samples (the upper 3 centimeters) were collected from the north and west banks simply by
scooping using a plastic spade. In each sampling point, soil samples were also taken as bulk samples from
approximately 1m’® surface areas. Soil samples were put into plastic sealed bags and transferred to the
laboratory.

b) Sample Preparation and Analysis

Soil and sediment samples were air dried, and then, the <63um size fraction was recovered by
sieving. This size fraction is widely used to eliminate the effect of particle size and to obtain a more
homogeneous grain distribution [13]. This fraction is also the most chemically active sediment phase
consisting primarily of clay and silt particulates [14]. Total trace metal concentrations of soils and
sediments were analyzed after digestion with HF-HNOs-HCIO, [15].

Water samples were filtered using a vacuum pump and 0.45um pore-size filter papers in order to
separate particulate matter. The filtered samples were then spilt into two portions: one portion was
acidified with HNO; for dissolved element measurement and the second unacidified portion was used for
determination of dissolved anions. The samples were kept at 4°C prior to analysis. Heavy metal and major
element concentrations were measured using an ICP-OES instrument (JY 2000), Chloride and sulfate
concentrations were determined using titration and turbidimetric methods, respectively, and nitrate and
phosphate were determined by spectrophotometric methods.

The accuracy and precision of the measurements were checked using SPEX CertiPrep standards
(manufactured under UL ISO 9001 Quality Assurance System). Also, replicate measurements of target
elements in each sample were carried out and the mean concentrations were reported. Quantification of
element concentrations was based upon calibration curves involving standard SPEX solutions.
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c) Data Analysis

Geochemical criteria i.e. enrichment factor (EF), geoaccumulation index (/g,) defined by Miiller
[16], contamination factor (Cy) of heavy metals, and contamination degree (C,) of sampling sites defined
by Hakanson [17] were determined as essential calculations for assessment of sediment pollution.
Enrichment factor of heavy metals was calculated as the ratio of elemental concentration of sediment
normalized to immobile Al:

EF=(C, /ADsediment/(Cp /AD)reference (1
The geoaccumulation index (Zg,), was calculated as follows:
Lyeo=logy[C,/1.5B,] 2)
Contamination factor was determined as:

C=C, /mean B, +one S.D. 3)

The contamination degree (C,) was defined as:
the sum of all contamination 4)

C, in the above formulas is the concentration of the examined element »’ in the surface sediments,
and B, is the geochemical background concentration of metal ‘n’. Authors usually refer to world average
shale [18] and / or upper continental crust [19] compositions as reference materials for the assessment of
contamination levels [13]. However, these global standards are not always representative of local
lithologic anomalies [20, 21]. In this study, values obtained from a local background sample have been
taken equal to reference material values in EF and I, calculations; however, total metal concentrations
were compared with global reference materials (world average shale, UCC). To place observed metal
concentrations into ecotoxicological context, obtained results were compared with consensus-based
sediment quality guidelines (SQGs) defined by [22]. SQG values referred to as the threshold effect
concentration (TEC) and the probable effect concentration (PEC) provide a reliable basis for assessing
sediment quality conditions in aquatic ecosystems. TEC defines values below which harmful effects are
unlikely to be observed, while PEC defines values above which harmful effects are likely to be observed
[22].

Soil metal concentrations were normalized using upper continental crust (UCC) values. EEs,;/EEycc
ratio >1 suggests contamination condition, whereas EE;,/EEycc ratio <1 reveals that the soil is not
contaminated with a particular element (i.e. the metals are of geological origin) [23].

Descriptive data analysis (including mean, standard deviation, maximum, and minimum values) were
performed using SPSS 11.5 software.

3. RESULTSAND DISCUSSION
a) Water Chemistry

Table 1 shows some limnological parameters of the Maharlu Lake, as well as chemical composition of
lake water. Measured pH values are approximately neutral (7.53-7.72), resulting from carbonatic
formations surrounding the lake basin. Due to the high TDS (254.64 g/L) and EC (161.5% 10°mS/cm), the
Maharlu Lake water is not suitable for drinking. The most abundant dissolved constituents of the Maharlu
Lake are CI"(3180.8 mgL)>Na" (2487.7mgL")>Mg*" (310.6 mgL)>S0,> (154.8 mgL"), thus, the water is
Na-Cl type (Figure 2).
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Table 1. Main limnological and chemical characteristics of Maharlu saline Lake
The means and ranges of measured parameters (n=12) are reported

Limnological characteristics Anion concentration Cation concentration
Surface area (km?) 250 PO (mg/l) | 0.20(0.03-03) | Na'(mg/L) 245‘556(5226;6'7'
Mean depth (m) at wet season 3 SO~ ( mg/l) 155.7 (117-201) Ca’ (mg/L) 53.1 (45-85)
Average am(’;i g’re“pltat“’n 492 NOs(mg/l) | 3.2(1.9-5.1) K* (mg/L) 3.5 (3.1-3.9)
Average annual evaporation B 3181.8 (2780- MgZ(
(o) 291 CI' (mg/l) 3390) mglL) 313.2 (285-350)
pH of water 7.6 (7.53-7.72) ?nf;f) 3.3 (2.9-4.0) Fe (mg/L) 10.4 (7.8-11.5)
T (°C) 23.7(22.7-25) | CO;(mg/l) 0.6 (0-1.1) Mn mg/L) 1.5 (.85-2.0)
EC (x10°) (ms/cm) 161(134-164)
254.9 (226.2-
TDS (g/L) 309)
é«&
&
s/
Q/W_\/ 0 Natk HCO3+C03 20 40 — . 60 BO cl
Calcium (Ca) - Chloride (Cl)
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Fig. 2. Piper diagram showing the relative cation and anion compositions of the Maharlu Lake water.
This diagram confirms the Na-Cl type for Maharlu Lake water. The filled
circles show the composition of 12 analyzed water samples

In general, the mean concentration of NO;™ in the water samples of the Maharlu Lake is below the
maximum allowable concentration (40 mg/l, Table 1). This may be due to denitrification, since a high load
of organic substances, which consume oxygen through denitrification, is transported to the lake.

Phosphate concentration in unpolluted waters typically ranges from 0.01-.0.1 mg/l [24]. The mean
phosphate content of of Maharlu Lake water (0.21 mg/l, Table 1) exceeds this range. Excess phosphate
may be contributed by phosphatic fertilizers used in agricultural lands near the lake.

Dissolved trace element concentrations are generally taken as indicators of the pollution extent in an
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aquatic environment. In analyzed samples, As and Cr contents were below instrumental detection limits,
perhaps due to their low loading into the lake. The concentration of other analyzed trace metals in the
Maharlu Lake water ranges as follows: Cu (0.01-0.47 mg/1), Cd (0.16-0.45 pg/L), Pb (3.6-7.13 pg/L), Zn
(0.011-0.61 mg/1), Ni (1.43-2.93 ng/L), Co (1.18-5.18 pg/L), Fe (7.81-11.49 mg/l), and Mn (0.85-1.97
mg/l). The mean values of analyzed trace metals in the Maharlu Lake water are higher than the reported
allowable values for fresh water [25] and aquatic life [26] (Table 2). In particular, Ni, Co, Pb and Cd
values are high, pointing to anthropogenic loading, probably from Khoshk River discharges and soil
runoff.

Table 2. Trace metal concentrations in 12 water samples from the Maharlou saline Lake compared
with reference values for freshwater and aquatic life (n.d. means not determined)

Sampling sites Co (ug/l) | Ni (ug/l) | Zn (mg/l) | Pb (ng/l) | Cd (ug/l) | Cu (ug/l)

M1 5.18 2.93 0.61 7.13 0.42 0.32

M2 4.51 2.82 0.37 6.34 0.45 0.47

M3 2.92 2.55 0.15 4.53 0.32 0.13

M4 33 2.77 0.28 4.22 0.3 0.26

M5 2.92 2.5 0.29 3.6 0.28 0.01

M6 3.17 242 0.25 3.88 0.3 0.33

M7 2.88 247 0.11 5.68 0.29 0.24

M8 1.32 2.34 0.46 5.47 0.26 0.17

M9 1.28 2.8 0.5 5.21 0.19 0.44

M10 3.31 1.64 0.58 5.44 0.24 0.31

M1l 1.18 1.64 0.42 5.57 0.17 0.3

M12 2.6 1.43 0.43 5.00 0.16 0.37

Mean value 2.88 2.36 0.37 5.17 0.28 0.28
Reference values for freshwater [25] 5 0.3 0.005 3 2 0.003
Aquatic life concentration [26] n.d. 0.25 0.03 1 15-25 0.002

b) Soils Chemistry

The EEi/EEycc ratios <1 for Cu, Zn, Fe, Mn, and Pb show that soils near the lake are not
contaminated with respect to these elements (Figure 3). However, all soil samples in the vicinity of the
Maharlu Lake are contaminated with Ni, Cr, As, and Cd. Cr and Ni occur naturally in the Earth’s crust.
However, it is inevitable that the encroachment of the polluted water of Maharlu Lake causes soil
contamination. The concentration of Cr in the lake water is below the detection limit, thus Cr mainly
comes from natural sources, whereas Ni may either come from natural (structural lattices of soil minerals)
and / or anthropogenic (lake water) sources (Maharlu lake water is highly polluted with respect to Ni). The
higher average concentration of As in the analyzed soils (6.91mg/kg) compared with upper continental
crust composition is probably the result of pesticide application in farmlands rather than lake water,
because the concentration of As in the lake water is below the detection limit. Cd is also known to be
present in phosphate-rich fertilizer [21]. Thus, in addition to invasion of contaminated lake water, the
application of pesticides is another probable source for soil Cd contamination.

Figure 3 indicates that Co contamination occurs in sites close to the lake (especially sampling sites 7
and 8 north of the lake). The results indicate that nearby soil is the probable source (especially for As and
Cr) and sink (especially for Ni, Co, and Cd) of heavy metals. Hence, in assessing sediment contamination,
it cannot be used as uncontaminated natural reference material.
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Fig. 3. Multi-elemental normalization diagram for surface soil samples in the vicinity of Maharlu
Lake, Metal concentrations are normalized to upper continental crust (UCC) values (from [19])

) Sediment Chemistry

The total concentrations (mg/kg) of metals in surface sediments presented in Table 3 range as
follows: As (0.36-0.87), Cr (4.57-64.11), Co (48.5-277.8), Ni (100.9-310.8), Cu (19.9-59.7), Zn (37.3-
101.4), Cd (1-5.8), Pb (84.3-202.2), Fe (12814-27460), Mn (204-831), and Al (8103-33894). The highest
total concentrations of heavy metals occur north of the lake, close to the Khoshk River discharging point.

Table 3. Total metal concentrations (mg/kg) in the <63pm sediment fraction for Maharlu Lake
sediments, compared with sediment quality guidelines (n.d. means not determined)

Sampling sites As Cr Co Ni Cu Zn Cd Pb Fe Mn Al
M1 0.54 | 4335 | 125.7 | 2872 | 59.7 | 89.8 | 1.5 | 119.3 23536 730 11834
M2 0.51 | 62.45 190 238.8 | 459 | 87.7 | 2.1 133.3 20480 640 12734
M3 0.61 | 57.85 | 277.8 281.4 464 | 1014 | 2.6 146 23857 596 8103
M4 0.48 | 58.35 | 119.7 | 310.8 | 258 | 44.7 | 3.0 | 202.2 20168 831 29670
M5 0.54 | 5141 | 515 1934 | 219 | 544 | 3.1 173.2 14191 793 33142
M6 0.52 | 64.11 | 85.9 206 504 | 71.8 | 5.7 | 165.4 27460 574 | 29374
M7 0.52 | 32.37 | 171.5 166 335 | 713 | 58 | 1715 20353 430 33894
M8 0.41 | 29.84 | 224 1009 | 199 | 603 | 3.5 | 156.7 15058 648 12231
M9 0.44 | 2435 | 2632 | 1713 | 40.0 | 576 | 4.6 | 189.4 16758 323 21045
MI10 0.46 | 3395 | 98.0 2194 | 56.0 | 81.5 | 1.0 84.3 23583 375 9325
MIl11 0.36 | 19.92 48.5 141.2 30.2 50.5 2.5 200.5 15464 509 22859
MI12 0.87 | 4.57 91.7 167.5 | 28.0 | 373 | 23 | 1814 12814 204 17365
Average values 0.52 | 40.21 | 145.62 | 206.99 | 38.14 | 67.35 | 3.14 | 160.26 | 19476.73 | 554.41 | 20131
Consensus-based TEC [22] | 9.79 | 43.4 n.d. 22.7 31.6 121 | 099 | 35.8 n.d. n.d. n.d.
Consensus-based PEC [22] | 33 111 n.d. 48.6 149 459 | 4.98 128 n.d. n.d. n.d.
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Comparison of the values obtained in this study with local and global reference materials indicates
that the average concentrations of Cd, Co, and Pb in surface sediments of the Maharlu Lake are higher
(Figure 4). Table 3 indicates that all analyzed samples exceed the TEC for Ni, Pb, and Cd, while more
than eighty percent of the samples exceed the PEC for Pb and Ni.

The concentration of Cu, Zn, Ni, Mn, Fe, As, and Cr in the Maharlu Lake sediments is either close to,
or lower than UCC, average shale, and local background sample. All samples are lower than TEC for As,
and nearly forty percent exceed TEC for Cr and Cu. All samples fall below the PEC for As, Cr, Cu, and
Zn, and none fall above TEC for Zn.

—e—Sediments —m— Average Shale —a—Local Background
—»—Surface Soils —e— UCC

2504
200

150
100

Total Concentration (mg/Kg)
o A
|

Elements

Fig. 4. Average metal concentration of Maharlu lake sediments compared with average
shale (from [18]), upper continental crust (from [19]), and nearby soils (this study)

Figure 4 indicates that only Cr, As, and Fe concentrations in sediment samples are lower than nearby
soils, while the concentration of Pb, Co, and Cd in surface sediments is much higher than soils. Average
concentrations of Ni, Cu, and Zn in the sediment samples are slightly higher than the soil samples. These
comparisons indicate that there is an apparent heavy metal pollution risk for the Maharlu Lake, especially
with respect to Co, Cd, and Pb; these elements mainly come from the Khoshk River. According to the
consensus-based SQGs, adverse biological effects are to be expected for Ni and Pb, and to some extent for
Cd. However, nearby soils are also a probable source for heavy metals, especially for As and Cr. Whereas
Zn is not associated with any adverse effect, As, Cr, and Cu may have some adverse environmental
impacts.

d) Geoaccumulation index of heavy metalsin surface sediments

Figure 5 shows the range and average values of /., values for each metal, using local reference
material in the form of box and whisker plot. Based on average values of I, the ranking of intensity of
heavy metal pollution of the Maharlu Lake surface sediments is as follows:
Pb>Cd>Co>Cu>Ni>Mn>As>Zn>Fe>Cr. Miiller [16] has determined seven classes of /,.,: samples may be
classified as unpolluted (0< I,.,), unpolluted to moderately polluted (0< I,.,<1), moderately polluted (1<
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1400<2), moderate to strongly polluted (2< I,,<3), strongly polluted (3< I,.,<4), strongly to extremely
polluted (4< 1,,<5), and extremely polluted (I,.,>5). Figure 6 displays sample percentages in Miiller
classes for As, Cr, Cu, Cd, Pb, Zn, Ni, and Co. Arsenic, Cr, Fe, Mn, Zn, and Ni concentrations fall mainly
in classes 0 and 1. For Pb, samples mainly fall in class 5 (83.33% of total samples) and the remainder
16.66% in class 4. For Cd, 50% of the samples fall in class 4, 25% in class 3, 16.66% in class 5, and
8.33% in class 2. For Co, 83.3% of the samples are included in classes 3 and 4, and the remaining 16.33%
fall in class 2. These results indicate that the surface sediments of the Maharlu Lake can be categorized as
follows: unpolluted with As, Cr, Zn, Fe, and Mn (average /,.,<0), unpolluted to moderately polluted with
Cu and Ni (0< average /,,<1), moderately to strongly polluted with Co (2< average /,.,<3), strongly
polluted with Cd (3< average /,.,<4), and strongly to extremely polluted with Pb (4< average /,.,<5).

6

Index of geoaccumulation
=
8
i
|

-4

-6

As Cr Cu Ccd Pb Zn Ni Co Fe Mn
Elements

Fig. 5. Box-and-whisker plots of the geoaccumulation index of studied
metals in 12 surface sediment samples of Maharlu saline lake
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Fig. 6. Percentage of samples in Miiller class, using local background sample as reference material
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€) Enrichment factor of heavy metalsin surface sediments

Measuring enrichment factor (EF) is an essential part of geochemical studies and is generally used to
differentiate between the metals originating from anthropogenic (non-crustal) and geogenic (crustal)
sources, and to assess the degree of metal contamination [27, 28, 29]. For enrichment factor values greater
than 1 point to sediment contamination, 0<EF<10 is an indication for natural origin (initial soil or parent
rock), while those greater than 10 are considered to be from anthropogenic sources [27].

Figure 7 indicates that enrichment factors for As, Cr, Fe, and Mn vary between 0 and 10, indicating
the natural source for these metals in the Maharlu Lake sediments, i.e. they are not affected by
anthropogenic influences. For Ni, Zn and Cu, enrichment factor values are >10 north of the lake, and <10
in other areas, whereas the EFs for Cd, Pb, and Co are >10 all over the lake, with the highest values
occurring north of the lake. The results indicate that the Khoshk River is the main source of anthropogenic
heavy metal loading into the lake. Runoff from nearby soils can add to Cu, Ni, and Zn loading. Sutherland
[30] has distinguished five classes of enrichment factors: EF<2 shows deficiency to low enrichment,
2<EF<5 shows moderate enrichment, S<EF<20 shows significant enrichment, 20<EF<40 shows very
high enrichment, and FF>40 shows extremely high enrichment. Based on this classification, the Maharlu
Lake sediments have deficiency to low enrichment with Fe and Cr, moderate enrichment with Mn, Zn, and
As, significant enrichment with Cu and Ni, very high enrichment with Cd and Co, and extremely high

enrichment with Pb.

|+As #Cr 4Pb %<Cd *Zn-# Cu—+Ni=Co NMn #Fe |

1000

100 -

Enrichment Factor Values
o

—
1

0.1 T T T T T T T T 1
Ml M2 M3 M4 M5 M6 M7 M8 M9 MI10 MIl MI2

Sampling Sites

Fig. 7. Enrichment factors for analyzed heavy metals in 12 sampling sites. EF values
greater than 10 are indicative of anthropogenic sources

f) Contamination factor and contamination degree of analyzed metals

Table 4 shows the contamination factor (Cy) of each element and also the degree of contamination
(Cy) for each sampling site. According to the Hakanson classification [17], C<1 points to low
contamination factor, 1<C¢<3 points to moderate contamination factor, 3<C¢<6 points to considerable
contamination, and C6 points to very high contamination factor. On this basis, the Maharlu Lake has
very high Cy values for Pb, Co, Cd; low C;for As, Cr, Fe; moderate Cy for Zn, Ni, Mn, and Cu. Calculation
of the average contamination degree (C,) indicates that the Maharlu Lake is considered to be a lake with a
very high contamination degree (Table 4), indicating serious anthropogenic pollution.
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Table 4. Contamination factors (Cy) and contamination degree (C,) for Maharlu saline Lake

Sampling site Contamination factor (Cy) Contamination degree (Cy)
Mn Fe Pb Cd Zn Cu Ni Co Cr As

M1 2.04 | 0.77 | 21.56 | 3.81 | 1.46 | 3.21 | 285 | 9.73 | 0.35 | 0.95 46.73
M2 1.78 | 0.67 | 24.09 | 533 | 1.43 | 246 | 237 | 147 | 05 | 0.9 54.23
M3 1.66 | 0.78 | 26.39 | 6.60 1.651249 279 | 21.5 | 047 | 1.07 65.4
M4 232|066 | 3655 | 762 | 073 | 1.38 | 3.08 | 9.26 | 047 | 0.84 62.91
M5 221 (046 | 3131 | 7.87 | 0.88 | 1.17 | 1.92 | 3.98 | 0.41 | 0.95 51.16
M6 1.60 | 0.90 | 2990 | 14.48 | 1.17 | 2.71 | 2.04 | 6.65 | 0.52 | 0.91 60.88
M7 1.20 | 0.66 | 31.00 | 1473 | 1.16 | 1.80 | 1.64 | 17.34 | 0.26 | 0.91 70.7
M8 1.81 1049 | 2832 | 889 | 0.98 | 1.07 | 1.00 | 20.37 | 0.24 | 0.72 63.89
M9 09 | 0553423 | 11.68 | 094 | 2.15 | 1.70 | 7.58 | 0.19 | 0.77 60.69
M10 1.04 | 0.77 | 1523 | 2.58 | 1.33 | 3.01 | 2.17 | 3.75 | 0.27 | 0.81 30.96
MI11 142 05 | 3624 | 635 | 0.82 | 162|140 | 7.09 | 0.16 | 0.63 56.23
M12 0.57 1042 | 3279 | 5.84 | 0.6 1.5 | 1.66 | 11.27 | 0.03 | 1.53 56.21

Mean values 1.54 | 0.63 29 8 1.10 | 2.04 | 2.05 | 11.10 | 0.32 | 0.91 56.66

The following terminology is adopted to describe the contamination degree for analyzed elements [17]. C4<6: Low
contamination degree, 6<C4<12: Moderate contamination degree; 12<C;<24: considerable contamination degree;
Cg>24: very high contamination degree.

4. SUMMARY AND CONCLUSION

The main purpose of this study was to assess the environmental contamination of Maharlu Saline Lake
with respect to selected heavy metal concentrations in water and surface sediments. On the basis of the
obtained data, the following three main groups of metals can be distinguished:

a) Cd, Pb, Co

The surface sediment data show that total concentration of Cd, Co, and Pb is higher than global
(average shale, upper continental crust) and local reference materials (the composition of local background
sample and soils in the vicinity of the lake). The geochemical calculations indicate that these metals have
higher EF, I4.,, and Cycompared with other studied elements. Enrichment factor values for these elements
all over the lake are greater than 10; indicating anthropogenic origin of these elements. Results show that
Mabharlu Lake water is highly polluted with respect to these elements. The results point to the fact that
Maharlu Lake is threatened with becoming highly contaminated with Pb, Co, and Cd. However,
comparison of the obtained data with SQGs indicates that Cd cannot be considered an ecotoxicological
risk for the aquatic biota, whereas Pb must be considered a serious threat for the lake ecosystem.

b) Ni, Cu, Zn

The total concentrations of Zn, Cu, and Ni in sediments, respectively, are comparable with global and
local reference materials. Geochemical calculations indicate that this group of elements has less
significance than the first group. The enrichment factors of Ni, Cu, and Zn are higher than 10 only north of
the lake, and their concentration in the lake water is high. These results confirm that Ni, Cu, and Zn
pollution in the Maharlu Lake can be attributed to discharge of untreated industrial and urban wastewaters
from the Khoshk River which discharges north of the lake. In the context of ecotoxicological impact, Ni is
dangerous for aquatic life, whereas Zn poses no risk.

c) As, Cr, Fe, Mn

The concentration of Fe, As and Cr in lake sediments is lower than global reference materials;
however, their concentration in soils is higher than those in lake sediments. Geochemical calculations

indicate that these elements have the lowest significance for lake contamination. The concentrations of As
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and Cr in the lake water were below detection limits, however, they have an ecotoxicological risk for
aquatic life. These results indicate that arsenic and Cr mainly come from natural sources. Soil run off can
contribute to the loading of this group of elements into the lake.

Results of this study provide baseline data which can be used by authorities for environmental
management. It can be concluded that the input of various wastewaters into the Maharlu Lake is
responsible for the intense pollution of the water and sediments, and must be regarded as a major concern.
In order to protect the lake from further contamination, the following approaches are suggested:

1. Designing a monitoring network to trigger preventive actions

2. Reducing the anthropogenic discharges into the lake. For this purpose, environmental remediation and
treatment of wastewaters introduced into the Khoshk River is essential.

3. Preventing direct input of agricultural runoff

4. Minimizing metal remobilization impacts by improving the quality of water through sediment
dredging.
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