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ABSTRACT: This study evaluates the level of some heavy elements (Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Sr, Pb)
in Erzurum Province, and to observe whether Hydrophilidae (Coleoptera) is a useful candidate for biomonitoring studies. For
this purpose, water, sediment and hydrophilid samples were collected from four sites on June, July, August 2014, Erzurum
(Turkey). Heavy elements levels in insect, sediment and water samples which are at the same place were measured by Energy
Dispersive X-Ray Fluorescence (EDXRF) spectrometer. The results have showed that the hydrophilids were contaminated by
their environments, therefore accumulated some elements at higher concentration. The sediments heavy element analysis
indicated that among the fourteen heavy elements Cr was maximally accumulated, followed by Ni and Fe. In all sampling sites,
Ti, Fe, Ni, Cu, Br, Pb concentrations in water and sediment were measured, and every insect species accumulated Ti, Fe, Ni, Cr,
Zn, Br, Sr, Pb in different levels. The water samples’ results were compared with national water quality criteria. Some heavy
elements’ concentrations exceed the allowable limits.

Keywords: Aquatic insect, bio-monitor, EDXRF, pollution, wetland.

Erzurum Ilindeki Farkli Hydrophilidae (Coleoptera) Tiirlerini Kullanarak
Agw Element Kirliliginin Degerlendirilmesi

0Z: Bu calisma, Erzurum civarindaki bazi agiwr element (Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Sr, Pb)
miktarlarimi ve Hydrophilidae (Coleoptera) tiirlerinin biyolojik izleme c¢alismalart igin uygun aday olup olmadigim
degerlendirmektedir. Bu amagla, su, sediment ve hydrophilid érnekleri Haziran, Temmuz, Agustos 2014 aylarinda Erzurum daki
dort istasyondan toplandi. Aym lokalitelerden alinan bocek, su ve sediment drneklerindeki agir element miktarlar: Enerji
Dagilimlhi X-Isinlart Fliioresan (EDXRF) spektrometresi ile 6l¢iildii. Sonuglar boceklerin bulunduklar: ortamdan kontamine
olduklarini, bu nedenle, bazi elementleri yiiksek miktarda biriktirdigini géstermistir. Sediment agir element analizleri, 14 element
arasinda en ¢ok biriken elementin Cr oldugunu bunu Ni ve Fe elementlerinin takip ettigini gésterdi. Tiim istasyonlarda Ti, Fe,
Ni, Cu, Br, Pb konsantrasyonlari su ve sedimentte 6l¢iildii; tiim bocek tiirleri Ti, Fe, Ni, Cr, Zn, Br, Sr, Pb elementlerini farkl
seviyelerde biriktirdi. Su ornekleri olgiim sonuglart ulusal su kalite parametreleri ile karsilastirildi. Bazi elementlerin seviyesi,
izin verilen limitlerin iizerinde bulundu.

Anahtar Kelimeler: Sucul bocek, biyomonitor, EDXRF, kirlilik, sulak alan.

INTRODUCTION ecologic problems. Heavy elements are normally
found in varying concentrations in all ecosystems
because they are natural constituents of the Earth's
crust and human activities have changed the
biogeochemical balance of these heavy elements
(Nriagu, 1996). These elements are critical

Environmental pollution with toxic elements has
increased significantly in recent years as a result of
rapid industrialization, entrances of the number
and amounts of elements to the biotic and abiotic
habitats continue to grow and cause serious
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contaminants because they are toxic, persistent,
non-biodegradable, accumulated in biota and
biomagnified in food chain, thus this accumulation
will damage human health when their
concentrations are high level (Jiang et al., 2015).

Aquatic insects are a vital component of both
aquatic and terrestrial ecosystems due to their roles
as predators, parasites, herbivores, saprophagous
and pollinators and provide important source of
protein for various organisms such as birds, fish and
other in vertebrates (Rosenberg et al. 1998). During
their life cycle, insects present in different feeding
habits and positions in the food web. Aquatic insects
are excellent biological monitors of heavy metal
pollution because, they can accumulate elements
whether or not these elements necessary to their
metabolism. They can  reflect  element
concentrations even the pollution ceases (Nehring,
1976). Elements enter their body via food, water,
sediments or airand transfer to higher food web such
as fish, birds (Duran et al., 2007; Gall et al., 2015).
The toxic effects of elements can affect the insects
in several ways, such as, changing the duration of
growth, body weight, hatching success, number of
eggs laid, reducing the pupation rate, increasing
mortality, and declines in population size (Chen et
al, 2011). Recently, most researchers have been
using aquatic insects to biomonitor the element
pollution because they are present in almost every
imaginable habitat, often abundant, easily sampled
and easily identifiable (Nehring, 1976; Wahizatul et
al., 2011). Hydrophilidae, also known as water
scavenger beetles, is large family of the order
Coleoptera, zoo-geographically have a wide range
of distribution. The adults are generally aquatic or
semi-aquatic and most of their larvae are aquatic.
The adults emerge during summer days and are
mostly saprophagous, feeding on decaying organic
matter, whereas larvae are predaceous, preying on
invertebrates (Fikacek et al, 2010). In adult stage
hibernation usually occurs, besides sometimes the
eggs also hibernate (Hansen, 1987). To assess
anthropogenic impact, aquatic insects are the most
used organisms in biomonitoring studies (Rosenberg
et al., 1998). But biomonitoring studies with aquatic
insects have been often made with their larvae.

Many things can change the water’s health quality.
For protecting the wetlands, in accordance with
EPA, they need to be monitored over the time
(Anonymous, 2012). Biomonitoring studies can tell
us how healthy the water in rivers, stream, creeks,
swamp and wetlands is. Biomonitors are commonly
used to evaluate the levels of bioavailable pollution
in the environment. Therefore, the objective of this
study is to measure heavy element level of water,
sediment, and adult hydrophilid and to certify the
bio-monitor potential of them.

MATERIAL AND METHODS
Sampling sites

Erzurum is the biggest and developed city of
Eastern Anatolia and surrounded by mountains,
which have higher altitudes than the central and
western part of Turkey. The photos of study area
and location of the sampling sites are shown in
Figure 1. Information about the sampling sites is
given in Table 1. Industrialization in Erzurum has
not reached the desired level but anthropogenically
heavy element sources are transportation, industrial
activities, fossil fuels, agriculture and other human
activities. In this study, the samples were taken
from industrial, roadside and suburban area.

Sampling site 1: This station is located in between
39°55'19 N/40°40'01 E coordinates (Figure 1.1), in
the west of Askale Cement Plant. Contamination
sources are traffic pollution and spread ash
emissions from cement plant.

Sampling site 2: This station is located in between
39°55'39' N/40°40'41 E coordinates (Figure 1.2),
in the east of Agkale Cement Plant. Pollution
sources are traffic and spread ash emissions from
the cement plant.

Sampling site 3: This station located in between
40°02'32'N/41°20'04E coordinates (Figure 1.3), on
D 950 highway. Sources of pollution are traffic
and domestic usage.

Sampling site 4: Akdag village located at 20 km
north of Erzurum, between 40°06'05" N/41°21'36"
E coordinates (Figure 1.4). In this station, there is
Akdag hot spring. Because the local people engage
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in livestock, the source of pollution is livestock.
Map and photos of sampling sites in Erzurum is
shown in Figure 1.

Collection of the samples

All samples were collected and analyzed as
described in Aydogan et al. (2016). Insects and
their habitat’s sediment and water were collected
monthly from four sites in June to August 2014.
The samples were collected three times in every
station. Insect samples were collected via 1 mm
pores sieve and killed 70% ethyl acetate and
carried to the laboratory for identification. Insects’

male genitalia were used for identification
(Hansen, 1987). The speciesbelong to three
different genera Anacaena Thomson, 1859;

Hydrobius Leach, 1815 and Hydrochara Berthold,
1827 were collected from four sites in Erzurum.
Identified species were as follow; Hydrobius
fuscipes (Linnaeus, 1758), Anacaena limbata
(Fabricius, 1792), Hydrochara  caraboides
(Linnaeus, 1758).

Following to the APHA standarts (Anonymous,
2005), the sediments were taken from 30 cm depth
benthic zone via plastic shovel and 500 ml water

samples were taken from 0.5 m depth then put in a
bottle and added 5 ml HNO;.

Elemental analysis

After identification, the samples were dried in an
oven at 80 °C for 36 hours. An EDXRF
spectrometer with an annular **'Am radioactive
source having 1 Ci activity and an HPGe detector
having resolution 1~80 eV at 5.9 keV was used.
Samples were excited by using 59.5 keV photons,
emitted from **'Am radioactive source. X-ray
spectra were collected with HPGe detector which
resolution is ~180 eV. Source/Sample distance was
355 mm. To eliminate elements and particles
which found in the air, vacuum was used. Al
sample holder with Mylar films on both sides was
used for water and sediment samples. Samples’
measurement time was four hours. To measure
heavy element content of insect samples, 13 mm
diameter pellets of each species were made.

RESULTS

Results indicated that concentration of fourteen
studied elements in all samples showed
differences. The concentrations have some

uncertainties due to EDXRF (maximum ~5%).
These uncertainties of possible error sources are
listed in Table 2.

site 4).

Figure 1. Map and photos showing the sampling sites in Erzurum. (Sampling site 1; Sampling site 2; Sampling site 3; Sampling

Resim 1. Harita ve resimler Erzurum’daki 6rnekleme alanlarim gostermektedir. (Ornekleme noktasi 1; Ornekleme noktasi 2;

Ormekleme noktasi 3; Ornekleme noktasi 4).
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Table 1. Description of the four sampling sites.
Cizelge 1. Dort 6rnekleme istasyonu ile ilgili aciklama.

Sampling Altitude
Site (m) Coordinates Information about sampling sites ~ Notes on near environment
Ornekleme Rakim  Koordinatlar Ornekleme alanlar1 hakkinda bilgi ~ Yakin gevresi hakkinda notlar
alani (m)
1 1636 39°55'19"N/40°40'01"E  Cement Factory(Western front) Ash emission from cement factory, traffic
2 1669 39°55'39"N/40°40'41"E  Cement factory (Eastern front Ash emission from cement factory
3 1765 40°02'32"N/41°20'04"E  Erzurum-Tortum Road Traffic and domestic
4 1826 40°06'05"N/41°21'36"E  Akdag Village Livestock pollution

Table 2. The error sources in the experimental results.
Cizelge 2. Deney sonuglarindaki hata kaynaklari.

Nature of uncertainty
Belirsizligin dogal nedeni

Uncertainty (%)
Belirsizlik (%)

Counting Statistics (Sayim istatistikleri)
Systematic Errors (Sistematik Hatalar )
Peak Evaluation Procedure (Tepe Degerlendirme Prosediirii)

Fundamental Parameter Methods (Temel Parametre Y ontemleri)

~1.00
~2.00
~3.00
~3.00

Concentrations of Ti, Fe, Ni, Cu, Br and Pb were
measured in all sampling sites’ water and sediment
samples. Concentrations of Ti, Cr, Zn, Fe, Ni, Br,
Sr and Pb were measured in all insect species.
According to the results, Fe had the highest
concentration, followed by Cr, Ni. Among the rest
of heavy elements Ti had the highest concentration
in sediments of sampling site 4. V measured only
sediment of sampling site 1. Mn had the highest
concentration in only sediment of Sampling Site 2.
Co had nearly same and the highest concentration
in sediments of Sampling Site 3 and 4. Cu, Zn, As,
Se, Br, Sr and Pb had the highest concentrations in
sediment of Sampling Site 1. In a similar vein, in
water, Ti had the highest concentration, followed
by V, Cr. Se and Sr did not measured in all
sampling site of waters. The rest of the heavy
elements in water had nearly same concentration.
The study results indicate that Hydrobius fuscipes
is the best accumulator for certain metals. H.
fuscipes is the most abundant and also most
element accumulator specie in regard to Ti, V, Cr,
Mn, Fe, Sr and Pb; also this insect found in all
sampling sites. The highest element concentrations
in H. fuscipes are Ti, V, Cr, Mn, Fe, Se, Sr and Pb;
in H. caraboides are Co, Ni, Cu, Zn, As and Br.
Except V, Mn and Cu all elements were
determined in H. fuscipes; in H. caraboides only

Se was not determined. Fourteen elements were
measured in Anacaena limbata but the level of
these elements is not high. As it is seen in Table 3,
H. fuscipes accumulated relatively more Ti, V, Cr,
Fe, Mn, Sr and Pb, but Co, Cu, Ni, As, Zn and Br
less accumulated as compared to H. caraboides.
Variation in the element concentrations between
species may be due to differences in prey choice,
uptake, excretion and life history (Gall et al. 2015).
The most abundant elements in the insects were Ti,
Pb, Fe, Ni, Cr, Co, As, Zn, Sr and Br. In Table 4,
water element concentration was lined up as;
Ti>V>Cr>Mn>Fe>Pb>Ni>Co>Cu>As>Br>Zn, but
Se and Sr concentration were not determined, and
in sediment samples; Fe>Cr>Mn>Co>Ni>Sr>Se>
As>Pb>Cu> Br>Zn>Ti>V. Mean concentrations
and standart deviations were given in Tables 3 and
4,

The obtained water heavy element levels were
compared with Turkish Water Pollution and
Control Regulations (TWPCR) (Anonymous,
2004). There are 4 quality classes according to
TWPCR: high quality water (I), weakly polluted
water (II), polluted water (III) and highly polluted
water (IV). The recommended values for Turkish
Standards and studied water sample levels were
given in Table 5.
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Table 3. Average heavy element concentrations in insect samples (ppm).
Cizelge 3. Boceklerdeki ortalama agir element konsantrasyonlari (ppm).

Average heavy element concentrations (ppm - Mean + SD)

Heavy Ortalama agir element konsantrasyonlart (ppm - Mean + SD)

Element Sampling site 1 ~ Sampling site 2 Sampling site 3 Sampling site 4

Agir Ornekleme Ornekleme Ornekleme Ornekleme

Element alani 1 alani 2 alan1 3 alam 4

H. fuscipennis H. fuscipennis A. limbata H. fuscipennis H. caraboides H. fuscipennis
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

Ti 125+ 6.24 0.29+0.9 0.30+ 0.07 0.40+ 0.26 0.51+£0.04 352.3+4.5
\% 19.3+3.54 0+0 0+0 0+0 0.32 +0.05 61.6+5.03
Cr 19.6 £2.51 152 £2.51 144.3+ 6.8 249.0+ 4.58 0.14+0.03 12.6 £1.52
Mn 6.73£1.16 0+0 0£0 80.3+ 13.01 0.13+0.03 0+0
Fe 2.90+0.36 89.6 £4.16 29.1+£2.56 55.8£9.04 0.78 £ 0.05 7.46 £0.35
Co 2.30+£0.20 8.23+0.25 6.26+ 1.25 0£0 439.6 £ 17.24 0£0
Ni 0.36 £0.25 3.30+£0.20 3.30£0.20 3.63+1.40 260.0 £17.69 0.26 £0.15
Cu 0.43+0.23 0+0 0£0 2.70 +0.20 168.6 £ 14.6 0.13+0.05
Zn 0.40=£0.10 0.46 £ 0.40 1.40+ 0.36 1.26 £0.20 369.3 +£18.0 0.11£0.01
As 0+0 1.46 £0.25 0.43+0.35 2.46 £0.45 91.6 £9.07 0.30+0.20
Se 0.31+0.18 1.46 £ 0.15 1.93+0.20 2.96+0.15 0£0 0.40+0.30
Br 0.35+0.21 4.0+0.10 7.83£0.58 11.2+1.55 89.0 +£5.56 0.23 £0.04
Sr 327+3.51 0.22 £0.02 0.53+0.37 0.25+0.04 51.3+4.50 0.01 £0.02
Pb 608 +7.02 55.0=2.00 57.4+5.50 84.8+10.37 13.0£2.00 2.76 £ 0.49

Table 4. Average heavy element concentrations in water and sediment samples (ppm).
Cizelge 4. Su ve tortu 6rneklerindeki ortalama agir element konsantrasyonlari (ppm).

Average heavy element concentrations in water and sediment samples (ppm - Mean + SD)

Heavy Su ve tortu 6rneklerindeki ortalama agir element konsantrasyonlari (ppm - Mean = SD)
Element Sampling site 1 Sampling site 2 Sampling site 3 Sampling site 4
Agir Ornekleme alani 1 Ornekleme alani 2 Ornekleme alani 3 Ornekleme alani 4
Element Water Sediment Water Sediment Water Sediment Water Sediment
Su Tortu Su Tortu Su Tortu Su Tortu
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Ti 389.3+59.7 1.80+0.20 330+ 8.2 1.50+0.20 255.0+8.0 0.43+0.31  203.0£3.6  69.8+1.60
A% 84.6+2.51 0.16+0.11 63.3+2.7 0+0 0+0 0+0 34.3+4.50 0+0
Cr 19.3+4.04  844.6x11.6 15.0+2.0 672+ 7 10.9 + 1.49 0+0 0.40+0.30  320.0+3.00
Mn 4.53+2.44 0+0 4.83+0.37 234+ 8.71 3.70+0.30 0+0 2.76+0.49 0+0
Fe 2.63£0.40 0.23+0.15 2.50+0.20 246.3+£3.7 1.46+0.25 844.3+17.1 1.46+0.25 864.6=12.6
Co 1.03+£0.25 0+0 0.04+0.02 8.66+0.75 0.50+£0.26 19.16+2.02 0.33+0.20  19.5+1.80
Ni 0.43+0.30 19.3£2.08 0.5+£0.2 15.3+2.51 0.53+0.25 8.43+0.20 0.43+0.20  7.56+0.40
Cu 0.33+£0.32 9.06+0.40 0.23+0.15 7.56£0.40  0.233£0.23  3.36£0.35  0.20+£0.17  3.66+0.85
Zn 0+0 5.13+0.32 0.13+0.05 4.33+0.35 0.33+0.25 2.20+0.43 0+0 1.46 £0.55
As 1.10+1.01 10.0+2.0 0.33+.15 8.00£0.10 0.33£0.32 3.73+£0.25 0+0 3.93+0.90
Se 0+0 10.56+0.60 0+0 7.46+ 0.50 0+0 4.16£0.20 0+0 3.20+0.75
Br 0.20£0.10 546+0.15 0.14+0.03 4.2340.25 0.68+0.45 2.76£0.30  0.05£0.04  3.26+0.25
Sr 0+0 13.0+£2.64 0+0 9.73+0.25 0+0 5.03+0.25 0+0 7.20+£0.26
Pb 2.16+£2.20 11.06+1.0 2.36+0.35 2.53£0.72 1.26£0.15 1.1320.35  0.60+0.36  1.40+0.40
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Table 5. Results for the levels in water were compared with national regulation (ppm).
Cizelge 5. Sudaki agir element sonuclarinin ulusal yonetmelikle karsilastirilmasi (ppm).

USE OF DIFFERENT SPECIES OF HYDROPHILIDAE (COLEOPTERA) IN ERZURUM PROVINCE OF TURKEY

Heavy Elements ~ Sampling site 1 Sampling site 2 Sampling site 3 Sampling site 4 TWPCR (pg/L)

Agir Element Ornekleme alani 1 Ornekleme alan1 2 Ornekleme alani 3 Ornekleme alam 4 1 1T 111 v
Pb 2.16 £2.20 2.36+0.35 1.26 +£0.15 0.60 +0.36 10 20 50 >50
As 1.10 £ 1.01 0.33+0.15 0.33+0.32 0+0 20 50 100 >100
Cu 0.33+0.32 0.23+0.15 0.23+£0.21 0.20+0.17 20 50 200 >200
Cr 19.3 £4.04 15.0£2.0 10.9 +1.49 0.40 +0.30 20 50 200 >200
Co 1.03 +£0.25 0.04 £0.02 0.50+0.26 0.33+0.20 10 20 200 >200
Ni 0.43 +0.30 0.5+0.2 0.53+0.25 0.43+0.20 20 50 200 >200
Zn 0+0 0.13+£0.05 0.33+£0.25 0+0 200 500 2000 >2000
Fe 2.63+0.40 2.50+0.20 1.46 +£0.25 1.46 £0.25 300 1000 5000 >5000
Mn 4.53+£244 4.83+0.37 3.70 £ 0.30 2.76 +0.49 100 500 3000 >3000
Se 0+0 0£0 0+0 0£0 10 10 20 >20
Ba 0.0071 0.0053 0.0004 0.0031 1000 2000 2000 >2000

According to TWPCR (Anonymous, 2004),
sampling waters have IV water quality and III
water quality in regard to Co, Cr, Pb, Ni, As and
Mn; I quality water in regard to Ba and Zn; II
quality water in regard to Fe. Sampling Site 3 and
4 have II quality water in regard to Cu, however,
Sampling Site 1 and 2 have III water quality.
Sampling Site 1 and 2 have III and IV water
quality in regard to Co, As, Cu, Pb, Cr, Mn and Ni,
this can be due to cement factory ash emission and
Askale-Trabzon  highway  traffic  pollution.
Sampling Site 3 has III and IV water quality in
regard to Co, Pb, Cr, As, Ni and Mn this can be
due toTortum-Erzurum highway and also domestic
wastes. These results showed that heavy element
residues like Cr, Pb, Ni, Co and Mn in the
Sampling Site 4 reveals the extent of the spread in
Erzurum. Thus human activity is limited in this
sampling site. These results belong to IV water
quality and III water quality. However, Sampling
Site 4 has I quality water in regard to Ba, which is
below the detection limit and in regard to Fe and
Cu it has II water quality. Ba has I quality water in
all of the studied locations, but this metal was
investigated below the detection limits. Like Ba
there were some measured elements such as Ce,
Pd, In, Sn, Nb, Pm and Mo below the detection
limit of EDXRF spectrometry.

DISCUSSION

For healthy environment, pollution must be
controlled. Contaminants residues in living and

non-living environments reflect environmental
quality. Because aquatic beetles are in equilibrium
with water body, thus they can reflect potential
pollution level of water body in biologic side. The
data presented in this paper provide information on
heavy elements accumulated by hydrophilids.
These elements are predominantly present in
almost all sampling sites and have profound
influence not only on the water quality but also on
the life of the aquatic insects. When hydrophilid
absorbs these elements from its field/habitat, they
can bio-accumulate. Moreover, it can be
transported from insects throughout the food chain.
In the present study it is concluded that, high level
of elements in an environment lead to high
accumulation in insect samples. Therefore, the
insects have ability to accumulate certain elements
and they can be used in environmental monitoring
studies. In this study among the hydrophilid
species H. fuscipes fits for the biomonitor criteria
such as; represent in large numbers all over the
studying area, cosmopolitan, easily identifiable,
larvae and adults are aquatic or semi-aquatic and
its life cycle is known, have relatively long life
cycles. H. caraboides and A. limbata also
accumulate the elements in high concentration, but
they found only in one sampling site.

In this study, the water quality and inorganic
pollution of the sites were evaluated by using
hydrophilid beetles. For more information on the
assessment of health of environment, long-term
biomonitoring must be regularly done. Because
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long-term biomonitoring may provide insight into
how human affects water quality, community and
ecosystem structure. These aforementioned aquatic
insects are possible biomonitor organisms that can
be used as a useful tool for monitoring element
contaminations studies.

ACKNOWLEDGEMENT

This study is a part of 1% author’s Ph. D. Thesis
which titled as “Erzurum ve Cevresindeki Sulak

REFERENCES

Anonymous. 2004. TWPCR (Turkish Water Pollution Control
Regulations). National water act. (Act. no. 25687 of
2004), Ministry of environment and urbanization,
Government gazette, Ankara, pp 40.

Anonymous. 2005. APHA. Standart methods for the
examination of water and wastewater. 21% ed.
American Public Health Association, Washington.

Anonymous. 2012. EPA (Environment Protection Agency).
Wetlands. Available at: https://www.epa.sa.gov.au/
environmental info/water quality/programs/wetlands.

Aydogan, Z., A. Gurol, and U. Incekara. 2016. The
investigation of heavy element accumulation in some
Hydrophilidae (Coleoptera) species. Environmental
monitoring and assessment 188 (4): 204. Doi:
https://doi.org/10.1007/ s10661-016-5197-3.

Chen, X. Q.,Z. T. Zhang, R. Liu, X. L. Zhang, J. Chen, and Y.
Peng. 2011. Effects of the metals lead and zinc on the
growth, development, and reproduction of Pardosa
astrigera  (Araneae: Lycosidae). Bulletin  of
Environmental Contamination and Toxicology 86:
203-207.

Duran, M., Y. Kara, G. K. Akyildiz, and A. Ozdemir. 2007.
Antimony and heavy metals accumulation in some
macroinvertebrates in the Yesilirmak River (N
Turkey) near the Sb-mining area. Bulletin of
Environmental Contamination and Toxicology 78:
395-399.

Fikacek, M., E. Gentili, and A. E. Z. Short. 2010. Order
Coleoptera, Family Hydrophilidae. Arthropod fauna of
the UAE 3: 135-165.

56

Alanlarda Yasayan Bazi Sucul Bocek (Hydrophilidae)
Tiirlerindeki Agir Element Birikimlerinin XRF
Analiz Yontemi ile Arastirilmasi”.

The authors gratefully acknowledge the financial
support of Ataturk University Scientific Research
Project SRP-2012/162. We also thank to Dr.
Bugrahan EMSEN in Department of Biology at the
University of Karamanoglu Mehmet Bey for
statistical analysis of samples.

Gall, J. E., R. S. Boyd, and N. Rajakaruna. 2015. Transfer of
heavy metals through terrestrial food webs: a review.
Environmental monitoring and assessment 187 (4):
201.

Hansen, M. 1987. The Hydrophilidae (Coleoptera) of
Fennoscandia and Denmark. EJ Brill/Scandinavian
Science Press Ltd. Leiden, Copenhagen 18: 1-253.

Jiang, H., S. Tang, D. Qin, Z. Chen, J. Wang, S. Bai, and Z.
Mou. 2015. Heavy metals in sea cucumber juveniles
from coastal areas of Bohai and Yellow seas, North
China. Bulletin of Environmental Contamination
and Toxicology 94: 577-582.

Nehring, R. B. 1976. Aquatic insects as biological monitors of
heavy metal pollution. Bulletin of Environmental
Contamination and Toxicology 15: 147-154.

Nriagu, J. O. 1996. A history of global metal pollution.
Science 272: 223-224.

Rosenberg, D. M., H. V. Danks, and D. M. Lehmkuhl. 1998.
Importance of insects in environmental impact
assessment. Environ Management 10: 773-783.

Wahizatul, A. A., S. H. Long, and A. Ahmad. 2011.
Composition and distribution of aquatic insect
communities in relation to water quality in two
freshwater stream of Hulu Terengganu, Trengganu.
Journal of Sustainability Science and Management 6:
148-155.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /TUR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


