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Abstract: This research has been accomplished in two separated phases. The aim of the first phase was to
evaluate arsenic concentration in the surface water and plants in Chelpo area in different seasons. In addition,
pH and DO in water samples were measured. The aim of this study at second phase was to investigate the
efficiency of arsenic removal from surface water using macro-alga; Chara vulgaris. Four reactors were used
in this study with the initial arsenic concentrations of 50, 100, 200 and 300 ug 1.7". Arsenic concentration in
water and algae, pH of the media, initial and final weight of Chara vuigaris were measured during the
experiment. High concentrations of arsenic were found in swface water of Chelpe area. The maximum
contaminaticn of arsenic (150 pg L") was observed in winter. It was found that the arsenic concentration in
algae was high due to high affinity of the algae for arsenic uptake. The results of the second phase showed that
Chara vulgaris could significantly remove arsenic from polluted water. The arsenic content of alga increased
approximately to about 62.7 mg kg™ dry weight in 19 days of exposure in the reactor with initial concentration
of 300 pg L.~". The high arsenic accumulation ability of Chara vulgaris could reduce arsenic by averagely

66.25% m the contaminated water of the reactors.
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INTRODUCTION

Arsenic 18 causing a global epidemic of poisoning
and has been associated with skin lesions, cancers and
other symptoms. Natural contamination of freshwater by
arsenic has become a crucial water quality problem in
many parts of the world such as China, India, Vietnam,
Bangladesh, Italy, Iran, etc (Gabriella and Cim, 2004;
Ghassemzadeh et al., 2003, Chakraborti ef ai., 2003,
Rahman et al., 2001; Chowdhury ef al., 1999). One of the
main causes of this widespread arsenic poisoning is the
growing current trend around the world of drinking water
from polluted underground and surface water, naturally
and anthropogenic sources. The range of arsenic
concentrations found in natural waters 1s large, ranging
from less than 0.5 to more than 5000 pg L™ Typical
concentration in freshwater are less than 10 pg .~ and
much higher concentrations are found in groundwater
(Smedley and Kinniburgh, 2002).

Contaminated soils and waters with heavy metals
pose a major environmental and human health problem,
which may be partially solved by the phytoremediation
technology. Phtyoremediation uses plants to concentrate
elements and compounds from the environment and

metabolize them in their tissues. Knowledge is scarce
regarding arsenic phytoremediation m the environment
(McCutcheon and Schnoor, 2003; Lasat, 2002; Raskin and
Ensley, 2000).

This research has been accomplished in two
separated phases. Tn the first phase the investigation
involves the seasonal and spatial changes of As within
algae and the naturally contaminated surface water of
Chellpo river. The Chellpo area 1s part of the Koh-e-Sorkh
mountain range, located north of Kasmar m Khorasan
Province, northeastern Tran (Fig. 1). This area is composed
of the variety of rock types that are aged in Cenozoic.
Geomorphologically, the drainage systems are dendritic
because of shale and marls. In this study the samples
have been collected from small tributaries that flow toward
the major Chellpo River and from the niver itself (58°30' -
58°33 Eand35°35°-35°36 N). The minimum and maximum
temperature for the study area, in 20 years period, is -6-
36°C with average annual precipitation of 225 mm, from
February to May (Ghassemzadeh and Karimpour, 2002).
Tributaries and Chelpo River waters are the only sources
for dnnking water, domestic and agricultural uses in this
semiarid region, however some rural people uses these
waters directly for domestic and drinking and not through
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Fig. 1: Location of the study area (Chelpo, Northeast Tran)

the water supplies system. We have previously shown
that soil and drinking water sources in this region have
severe environmental problems regarding arsenic
contamination (Ghassemzadeh et al., 2006). The absence
of any type of industrial activity and intensive agriculture
on the area means that 1t can be considered as a pilot area
for the investigation of natural concentrations of arsenic.
Tt was hypothesized that arsenic pose contamination risks
i the drinking water from natural sources in this region
and the possible of health problems m the area
(Ghassemzadeh et «l., 2003). Thus, in this study we
looked at As levels in the water and algae. The aim of the
second phase was to determine the capacity of arsenic
accumulation by Chara vulgaris under the mnfluence of
arsenic in the water. The ultimate goal was to assess the
possibility to use C. vulgaris for bioindication and
phytoremediation of arsenic contamination in Chelpo
water and similar polluted area.

MATERIALS AND METHODS

Water collections and analyses: Field mvestigations were
carried out from March 2005 to Tune 2006. The sampling
was usually carried out between 10:00 am - 14:00 pm
at approximately three month intervals. A total mne
sampling stations were selected from small tributaries
and Chelpo River (Fig. 1). Air and water temperatures,
pH and dissolved oxygen were measured at the field
according to standard methods (APHA, 1995). Water
samples from tributaries and river were obtamed by
immersing the mouth of an acid-washed polyethylene
container approximately 20 cm below the surface. The
samples were kept immediately on the ice and then
transported to the laboratory, Ferdows1 Urniversity for the

determmation of total arsemic using a Shimadzu model
AA-670G with a GFA-4B graphite furnace atomizer
(Arbab-Zavvar, 1982).

Algae collections and analyses: The algae were collected
in four seasons manually and were sampled as near as to
the water sampling location as possible. The algae
samples were washed thoroughly at the field to remove as
much debris and associated biota as possible and placed
immediately in plastic bags and kept them on the ice in
darkness, transported to the Ecology laboratory,
University of Mashhad. In the laboratory, the samples
washed thoroughly in deionized water and kept frozen in
zip-lock bags for arsenic measurements. Before arsenic
analyses, the samples were dried to a constant weight at
110°C and then 10 cc nitric acid was added to 1 g of dried
samples, left them for 24 h. After that, the samples were
heated until to evaporate the acid. Then, 10 cc nitric and
10c¢c sulfuric acids were added to the samples and kept
them for 24 h. The samples again heated for 1 h (60-70°C)
and were then filtered. The samples store until time of
analysis by using the method of Arbab-Zavvar (1982).

Experimental section: In this experiment, arsenic
phytoremediation by macroalga, Chara vulgaris, were
tested. Because of, this macroalga absorbed high arsenic
(according to the arsenic analysis on the field samples)
and also they adapted to the environment of study area.
To perform this experiment, 5 glass reactors were used.

For complete simulation of the enviromment mn the
experimental reactors, Chara vulgaris, water and sediment
were transferred from an unpolluted area m the upstream
(similar region with no arsenic contamination) to the
laboratory. At the beginning of the experiment, 60 g of the
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plant (the wet weight) and 14 1. of water were added to
each reactor under the natural light conditions. After
seven days (for algae adaptation to new environment
and any changing due to transportation), arsenate
(Na,HAsO,7H,0) was added in different concentrations,
50, 100, 200, 300 pg L' to the reactors 1, 2, 3 and
4 respectively, (R 1, R 2, R 3, R 4). Arsenate selected
because it is the dominant arsenic species in the water
phase under oxidation condition as it was reported before
(Ghassemzadeh and Karimpour, 2002). The fifth reactor
was chosen as a control and no arsemc was added. The
reactors were aerated continuously, stimulating field
Furthermore,
evaporation, some distilled water was added to the
reactors daily and also the pH was measured. The

condition. to compensate for water

experiments went on for 19 days and the concentration of
arsenic in the water and plant were measured on the
twelfth and mineteenth days (three replicates).

RESULTS AND DISCUSSION

Arsenic in water and algae from the Chelpo river:
Table 1 summarizes the Arsenic concentrations in water
from the Chelpo river sampling sites. All sites were well
oxygenated at the time of sampling as revealed by the
high dissolved oxygen concentration and high percent
saturation of dissolved oxygen. The As (V) is most
abundant form in the study area (Ghassemzadeh and
Karimpour, 2002) and which is derived from fault zone
where the Paleogene deposits have been cut by faults
and the

Therefore as has formed m this area and 1s visible in

ore deposits formed along these zones.

alteration zones along the outcrop belt. The original

rocks are mainly fine grained siliciclastics that have
been deposited in a relatively closed basin in central Iran
within an intracontinental basin (Mazlomi, 1992).

Arsenic levels ranged 0 to 150 ug L' in the water.
The total arsenic in the water was highest in the winter
due to high ramnfall in the area and washing out arsenic
from natural sources. Andreae (1978) reported levels
0.001 to 0.043 ng L™' in lakes and rivers. Murdoch
and Capobianco (1979) reported arsenic levels of
0.006-0.250 pug mL.~" in lakes located in an area that had
been a center for mining activity. The arsenic level in
Coeur d’Alene River, Tdaho (a mining industry area)
ranged from 0.11-1.64 ug L™ (Mok and Wai, 1990). Most
studies regarding to arsenic contamination have focused
on anthropogenic sources and ndustrial contamimation in
particular. Less study has been done on the contammated
water only with the natural sources. Present study area is
an example of long-term arsenic contamination occurring
naturally in a non-industrial area.

Arsenic levels tanged 13.3-660.9 mg kg™' as dry
biomass Table 2. Absorption of arsenic by algae showed
the possibility of arsenic accumulation by macroalgae,
Chara vulgaris. Previous studies have implicated that
aquatic plants can play a key role in remobilizing of
arsenic (Reay, 1972; Lee et al, 1991; Knauer and Hemond,
2000; Robimson et al., 2003; Meharg and Macnair, 1991,
Pickering et al., 2000). Wagemann et al. (1978) reported
As levels in water from Keg Lake, 700-1500 pg mI. ™" and
in aquatic macrophyte in excess of 3000 mg kg™
Lee et al. (1991) studied the concentration of arsemc in
ten varieties of aquatic plants. They showed that the
concentrations of arsenic in these plants partially
reflected the concentration of arsenic in pool water, which
ranged from 0.002-0.251 pg mL™". The levels of As in

Table 1: Arsenic concentration (ugrl.™"), pH and dissolved oxygen {mgL.™") in the samples (Chelpo river)

Fall Winter Spring Summer
Station As(ugrl’) pH DO¢mgl™) As(ugrl™™ pH DO(mgl™ As(pgrl’ pH DO (mgl™") As{pgL™ pH Do (mgL™)
1 28.8+0.4 843 6.78 69.6+£0.4 7.76 11.00 37.9x0.4 835 6.91 - - -
2 21.9+0.4 875 8.70 141.2+0.4 8.25 10.90 15.8+0.4 811 T7.95 - - -
3 21.3+£0.4 8.50 7.90 150.0+£0.4 8.28 10.90 44.1£04 873 T.44 1.2+0.4 8.10 9.18
4 9.4+0.4 8.06 T.43 9.8+0.4 7.67 10.90 0.0 8.70 T.43 5.6+0.4 7.92 9.33
5 11.9+0.4 8.80 770 22.5£0.4 7.57 10.20 0.6:0.4 8.74 748 4.8+0.4 8.20 831
6 16.9+0.4 7.88 4.50 13.7+0.4 8.17 10.40 2.8+0.4 8.64 T.47 10.0+0.4 8.47 9.44
7 6.3£04 7.96 570 353204 8.12 10.90 6.2+0.4 872 714 9.6+£0.4 8.20 8.99
8 10.0+0.4 871 812 26.5+0.4 7.96 11.25 6.2+0.4 891 T.42 13.7+0.4 8.02 8.91
9 14.4+0.4 811 7.50 7.8+£0.4 8.21 11.90 9.0+0.4 852 6.64 10.0+£0.4 7.94 8.24
- 1 No data
Table 2: Arsenic concentration in the algae samples from the Chelpo river (mg kg™ dry biomass)
Station 1 3 4 7 9
Winter - 660.9+0.4 212.5+04 289404 19.5+0.4 109.4+0.4 352404 74.240.4 57.810.4
Spring 112.6+0.4 95.9+0.4 39.9+0.4 502+0.4 41.4+0.4 36.7+0.4 41.4+0.4 25.3+0.4 41.5+0.4
Summer - 52.240.4 41.8+0.4 30.5£0.4 13.3+0.4 70.3£0.4 15.74£0.4 90.8+0.4
- : No data
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Chara vulgaris in this study was, 440822 ng g™
dry weight where the concentration of water was
0.251 pg mL~". They alsc studied the uptake of arsenic by
Hydrilla verticillata Casp. n the laboratory and mdicated
that the uptake of arsenic was a function of initial arsenic
concentration in the water. They showed that the aquatic
plants are more tolerant to arsenic than terrestrial plants.
Knauver and Hemond (2000) demonstrated the mmportance
of green alga, Chiorella sp. in arsenic reduction n aquatic
freshwater environment where polluted with large quan-
tities of heavy metals. They showed arsenic (arsenate) to
enhance growth conditions and highest cellular content
of arsenic with the highest reduction on arsenic in the
culture, arsemc detoxification. However, growth rate, final
cell yield and cellular arsemc content were all enhanced
by higher arsenate concentrations in the cultures grown
at a low concentration of phosphate. They also found the
similar results from the field data. Tn present study area,
the ponds also were oligotrophic with phosphate conce-
ntrations less than 0.01 mg L™' (Babaee, 2006). Freshwater
plants have evolved mechamsms specially, when growing
i water naturally high in arsemic, for rapid detoxication of
arsenic species (Lee et al., 1991; Knauer and Hemond,
2000). The bicaccumulation of arsenic was investigated in
aquatic plant, Lemma gibba L. by Mkandavire and Dude
(2005) under deficient and sufficient phosphate. They
stated that bicaccumulation of arsenic was sigmficantly
higher for p-deficient (0.0136 mg L") than sufficient
cultures where the uptake may increase as a result of ion
competition with phosphate. Under the field condition in
our study the environment was oxygen rich that most of
arsenic 1s probably arsenate which compete with
phosphate under the low phosphate condition.

Arsenic accumulation by Chara vulgaris: The arsenate
uptake by the plants (Fig. 2) was significantly influenced
by the initial concentration of arsenate in the media and
the time of harvest (p<0.05). The total arsenic
accumulation of all plants exposed to different
oncentrations of arsenic at 12 days was sigmificantly
lower than at the 19 days exposure (p<0.05). This finding
corresponds also to that of Meharg and Macnair (1991)
who reported that the rate of arsenic uptake correlated
with the time of arsenic exposure.

The ability of macroalgae Chara vulgaris to take up
large amounts of arsemic from substrates contaiung
relatively low concentrations of this element indicate the
plant may have potential for phytoremediation by
extracting arsenic from contaminated water. In present
experiment, the arsenic taken up by the Chara vulgaris
reduce the arsenic concentration in the solution of reactor
1 by 75% at the end of experiment. The percent of arsenic
removal in all reactors are shown in Fig 3. Before any
conclusion can be drawn in this area, however, an

investigation is needed of the plants biomass production
and growth n aquatic environment. Plant growth rate 1s a
crucial factor for showing tolerance of the test plant to
exposure to arsemic. The results in Table 3 shows that all
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Fig. 2: The concentration of arsenic in the plants in the
experiments.
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Fig. 3: The percentage of the arsenic concentration
decreases in different reactors during the
experiment

Table 3: The changes of Chara vilgaris weight during the experiment

Plant weight Plant weight Percent of weight.
Reactor (at first) (at the end) increase
Control 60 73.20+0.68 22.0
R, 60 71.38+£0.47 19.0
R, 60 66.84+0.63 11.4
R; 60 63.43+0.33 57
R, 60 62.81+0.64 4.7
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Fig. 4: pH changes in reactors

of the plants could survive well in the solutions and the
fresh weight of the plants increased as the exposure
period increased. Of course the increase 1s much higher in
reactors with lower initial concentrations of arsenic. As
the element concentration increases in the water, a
sudden increase in the plant element concentration
occurs. When this phenomenon occurs, the plants show
toxicity and biomass production is reduced.

A change in pH of the medium was observed in this
experiment Fig. 4. The pH of each reactor showed some
fluctuation with a trend for slight decreases. A pH change
may affect the bicavailability of arsenic. Mok and Wai
(1990) reported that an acid pH (pH<4) would enhance the
mobility of arsenic in the water phase. Decreasing pH
levels are thus indirectly correlated with arsenic
availability for plant uptake. Other investigators have
reported that there was a better correlation between plant
growth and total arsenic (Woolson, 1971; Walsh, 1975).
Meharg and Macnair (1990) observed a decrease in
arsenate uptake with an increase of pH value. Arsenate
uptake was optimal at pH 5 where H,AsO,” was the
dominant anion in solution. As the pH increased to pH 8
in which HAsO,” was the dominant form, arsenate
uptake decreased.

CONCLUSIONS

The data presented in this study represent the first
evaluation of natural levels of As in natural waters from
Koh-Sorkh (Chelpo area), Kashmar, northeast Tran. Mean
concentrations of As from 34 samples exceeded WHO
2003 limits (10 ug L™ for drinking water. The most
affected areas correspond to the ore contains As. The
results also reveal that arsenic accumulates considerably
i algae samples from the Chelpo river. This indirectly
proves that arsenic contamination exists in this site. In the
experiment, the high arsenic accumulation ability of Chara

vulgaris to reduce arsenic on average by 66.25% in the
solution shows that the Chara vulgaris has potential for
arsenic phytoextraction from contaminated waters.
Arsenic phytoremediation by Chara vulgaris can be used
in the study area and similar polluted area.
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