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Abstract

In this study was investigated the acute (24 and 48 h) effect of sublethal concentrations of malathion, organophosphates
insecticide, on the AChE activity of Gammarus pulex.

For this purpose, two sublethal concentrations of malathion (0.1 and 0.2 mg I"*) were applied to G. pulex for 24 and 48 h.
After 24 and 48 hours of malathion exposure, G. pulex samples were taken. In the samples taken, AChE enzyme activity and
protein level were determined and specific AChE enzyme activity was calculated.

Sublethal concentrations of malathion caused time-dependent increased inhibition of AChE activity in G. pulex. In the
group exposed to 0.1 mg I malathion concentration, inhibition of AChE was detected as 50% at 24 h and 74% at 48 h,
compared to control. Similarly, in the group exposed to 0.2 mg I"* malathion concentration, 60% and 68% AChE inhibition at
24 and 48 h were observed, respectively, compared to the control.

As a result, acute exposure of G. pulex to malathion for 24 and 48 h caused in the high rate inhibition of the AChE
activity. Further, the results show that up to 74% AChE inhibition levels in G.pulex do not cause acute death, and
measurement of AChE activity in G. pulex will be the biomarker of acute malathion exposure and effects.
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Malathionun Gammarus pulex (Tath Su Amphipodu)’te Asetilkolinesteraz Aktivitesi Uzerine Akut Etkisi
Ozet

Bu ¢aligmada, organofosfat insektisit malathionun subletal konsantrasyonlarinin Gammarus pulex'in AChE aktivitesi
lizerine akut (24 ve 48 saat) etkisi incelenmistir. Bu amagla, G. pulex'e malathionun iki farkli sublethal konsantrasyonu (0.1
ve 0.2 mg I™) 24 ve 48 saat boyunca uygulandi. 24 ve 48 saat malathion maruziyetinin sonunda G. pulex érnekleri alindi.
Alinan 6rneklerde AChE enzim aktivitesi ve protein diizeyi belirlenerek, spesifik AChE enzim aktivitesi hesaplandi.

Malathionunun sublethal konsantrasyonlart G. pulex'te AChE aktivitesininin zamana bagli artan inhibisyonuna neden
oldu. 0.1 mg I"* malathion konsantrasyonuna maruz kalan grupta, AChE'in inhibisyonu, kontrol ile kargilastirildiginda, 24
saatte %50 ve 48 saatte %74 olarak tespit edildi. Benzer sekilde, 0.2 mg It malathion konsantrasyonuna maruz kalan grupta
da kontrol ile karsilastirildiginda sirasiyla 24 ve 48 saatte % 60 ve % 68 AChE inhibisyonu g6zlendi.

Sonug olarak, G. pulex'in malathiona 24 ve 48 saat boyunca maruz kalmasi AChE aktivitesinin yiiksek oranda inhibe
edilmesine neden olmustur. Ayrica, sonuglar G.pulexteki % 74'e kadar AChE inhibisyon seviyelerinin akut 6liime neden
olmadigimi ve G. pulex'teki AChE aktivitesinin 6lgimiiniin akut malathion maruziyetinin ve etkilerinin biyobelirteci olacagini
gostermektedir.

Anahtar kelimeler: Asetilkolinesteraz aktivitesi, Gammarus pulex, malathion, organofosfatlar.

INTRODUCTION

Over the centuries pesticides have been used in agriculture to combat unwanted pests and to
improve food production by controlling disease vectors (Hamed, 2015). However, the residues formed
as a result of the random use of pesticides in agricultural areas cause water, soil, and air pollution,
disrupting the balance of the ecological system (Orug and Uner, 1999). Organophosphate (OP)
compounds, which are among the common pesticides, are widely used in medicine, industry, and
agriculture (Fahmy, 2012; Hamed, 2015). AChE activity is a highly specific biomarker for measuring
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insecticide pollution with OP (Kirby et al., 2000; De laTorre et al., 2002; Feng et al., 2008).
Organophosphates (OPs) all have an acute toxic effect and are designed to inhibit AChE and thus
blocking cholinergic nerve transmission (Anderson and Lydy, 2002). The inhibition occurs by
inhibiting the natural catabolism of the neurotransmitter as a result of the covalent linkage between the
active site of the enzyme and the OP insecticide (Barr and Needham, 2002). Inhibition of this enzyme
on the organism results in the accumulation of ACh in cholinergic synapses and the continuous and
excessive stimulation of nerve and muscle fibres, thus causing paralysis and ultimate death in the
organism (Kirby et al., 2000; Forget et al., 2003; Pala and Serdar, 2018). Malathion, a widely used OP
pesticide, is a common contaminant in aquatic ecosystems. High malathion concentrations such as 0.6
mg I in natural wetlands were detected (Giri et al., 2012; Mise Yonar, 2013). OP insecticides may
inadvertently contaminate the surface water as a result of the deliberate application or unintentional air
spray, basin drainage, or accidental spill and drift during the control of biting insects. Aquatic
invertebrates in surface waters may in this way be exposed to insecticide levels which range from
sublethal to acute lethal (Day and Scott, 1990).

Gammarids are commonly used organisms for risk assessment of freshwater quality criteria
(Rinderhagen et al., 2000; Serdar et al., 2018). Generally, they are found in the source parts of rivers
and are an important food source for fish, birds, and amphibians (MacNeil et al., 2002), and leaf litter
plays an important role in the breakdown process (Forrow and Maltby, 2000). As a result, they are
active throughout the entire food chain. Therefore, these species are often preferred as test organisms
because they can be sampled by collecting throughout the year and they can be easily identified,
controlled, and maintained in the laboratory conditions (Xuereb et al., 2009; Ugurlu et al., 2015).
Moreover, the limitations of mammalian studies in the field of environmental toxicology have led to
an increasing interest of many amphipod invertebrates, such as Gammarus (Demirci, 2018). The
Gammarides are reported to be among the most susceptible species to cholinesterase (ChE)
compounds (Kuhn and Streit, 1994; Xuereb et al., 2007; Xuereb et al., 2009). Because, in the study as
a test organism, we selected Gammarus pulex, one of the most common freshwater benthic macro-
invertebrates in Europe.

Investigations have been performed on Gammarus species for the toxic effects of various pesticides
(Cold and Forbes, 2004; Demirci, 2018; Serdar, 2019; Pala, 2019). But, there is no report found, for
the acute effect of malathion on AChE of G. pulex.

This study aimed to determine the acute effect of sublethal malathion concentrations on the AChE
activity in G. pulex as a non-target aguatic organism, to contribute toxicity database of malathion in
Turkey.

MATERIALS and METHODS
Chemicals

The insecticide used in this study was the commercial-grade formulation of malathion 65%
Malathion EM (active ingredient malathion, 650 g 1"') was provided by Koruma companies-
Agrochemicals, Izmit, Turkey. 1 ml of malathion was taken and dissolved in distilled water thus a 1 1
stock solution was prepared. Sublethal concentrations of calculated malathion were taken from this
stock solution. The chemicals used in all other stages of the study were purchased from Sigma-—
Aldrich Chemical (St Louis, MO, USA).
Test organisms

G. pulex, a freshwater amphipod, was used as the test organism in this study organisms were
collected with dip nets from the river's origins the Munzur River in Tunceli, Turkey. The region where
G. pulex individuals collect was close to the river source, lacking from observable industrial and
domestic disturbances and the agricultural activity was negligible level. Also, Gueltekin et al. (2017)
in the water quality study based on their biotic index on the Munzur River reported that the river is an
indicator of high ecological water quality and maybe the reference river. Therefore, non-contaminated
populations were used as test organisms. The organisms were placed in plastic bottles filled with river
water, with airflow, and transferred to the laboratory. In the region of the river where G. pulex
individuals were collected, river water was taken together with the living organisms, for use during the
adaptation period. Organisms were placed in aquariums with this water. And throughout the
adaptation, 30% of the aquarium water was replaced once in three days chlorine-free water. And
organisms were adapted to the stock aquariums at 18 + 0.5° C and 12/12h light/dark photoperiod

203


https://www.sciencedirect.com/science/article/pii/S1382668915000307#bib0140

PALA et al. 2020 ActAquaTr 16(2), 202-208

surroundings for one month under controlled climatic conditions and were fed with rotten willow
leaves during adaptation.
Experimental setup and exposure
The sublethal concentrations of malathion (0.1 and 0.2 mg 1''; approximately 1/16 and 1/8 of LCs,
value) were selected based on a study by Sahinkusu (2018), who reported that the LCsy value (96 h) of
malathion for G. pulex was 1.58 + 0.56 mg I"". Acute toxicity tests were performed based on the
modified OECD (OECD 202, 2004) standard procedure. In the experiment, 1 L glass aquarium with a
ventilated and containing 0.5 L water were used. Pesticide stock solution was prepared by dissolving
in distilled water. Three different experimental groups were formed, one being the control group.
Organisms were added to the aquariums as 10 individuals in each group. G. pulex individuals used in
the experiment were selected from similar size (W= 0.0348 + 0.0012 g and L= 11.17 + 0.73 mm) and
healthy individuals. Organisms were exposed to 0.1 mg 1" and 0.2 mg 1" concentrations of malathion
for 48 h and the experiment was performed in triplicate for all concentrations. The organisms didn’t
feed in the experiment and other experimental conditions (light, temperature, etc.) were maintained as
mentioned above.
AChE activity assay

Samples were taken from all the aquariums at the 24 and 48 hours of study to determine the AChE
activity. The taken samples were weighed and homogenized with a Teflon-glass homogenizer ina pH
7.4 0.05 M sodium-phosphate buffer, containing 0.25 M sucrose, to obtain 1/10 whole homogenate. It
was then centrifuged at 3500 rpm for 15 minutes at 4 °C. Supernatants obtained after centrifugation
was used as an enzyme source.

AChE enzyme activity of G. pulex determined according to the method of Elman et al. (1961). For
the AChE activity determine, 200 pl of supernatant was taken in a cuvette and 2.55 ml 0.1 M
phosphate buffer (pH 8.0), 50 ul etopropazine, 100 ul of DTNB [5,5-dithio-bis(2-nitrobenzoic acid)],
were add and it was incubated at 30°C for 5 minutes then 20 pl of ACh iodide were added to it. The
change in absorbance at 412 nm was measured for 5 min at on UV—Vis Spectrophotometer.

Protein concentrations were measured according to Lowry et al. (1951) and were used to calculate
specific enzyme activity
Statistical analysis

Statistical analysis of the data obtained at the trial was made using the SPSS 24.0 statistical
program. The data obtained were tested by one-way analysis of variance (Oneway-ANOVA) (Cimen,
2015). Results were considered statistically significant at p<0.05.

RESULTS and DISCUSSION

The changes of the AChE activity in the control group and groups exposed to sublethal
concentrations of malathion was given in Figurel. The AChE activity of the control group non-
exposed to malathion was 0.50 + 0.04 U/mg protein at 24 hours, 0.47 + 0.03 U/mg protein at 48 hours.
The enzyme activity of the malathion-exposed groups was lower than that of the control group 24 and
48 hours after exposure, and the difference between them was statistically significant (p<0.05).

The AChE activity of the groups exposed to 0.1 mg I and 0.2 mg I"* of malathion concentrations
for 24 hours was 0.25 + 0.02 U/mg protein and 0.20 + 0.01 U/mg protein, respectively. It also had a
50% and 60% inhibition rate compared to the control, respectively (Figure2).

The activity AChE in G.pulex after exposure to 0.1 mg I malathion for 48 hours was 0.12 + 0.01
U/mg protein, while after 0.2 mg I"* malathion-exposed for 48 hours was 0.15 + 0.04 U/mg protein.
Besides, the enzyme activity was observed significantly an inhibition rate of 74% and 68% compared
to the control group, respectively (Figure2).
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Figurel. Changes in the AChE activity of groups in different exposure time (24 and 48h)
22 The difference between the values indicated by is statistically significant (p<0.05)

Aquatic invertebrates are more susceptible to OP insecticides than vertebrate animals (Giesy et al.,
1999; Hyne and Mabher, 2003) and the inhibition of AChE activity had been measured in some aquatic
invertebrate species (Kozlovskaya et al., 1993; Moulton et al., 1996; McLoughlin et al., 2000; Var6 et
al., 2002; Barata et al., 2004; Kristoff et al., 2006; Gauthier et al., 2016).

In this study, inhibition in the AChE activity was observed in both malathion concentration
exposure (0.1 and 0.2 mg I™). The highest inhibition (74%) was detected in organisms exposed to 0.2
mg I malathion for 24 hours (Figure 2). The results of this study related to being consistent with the
findings of previous studies in Gammarids exposed to other OPs. For example; Fenitrotion and
parathion-methyl concentrations have been reported to lead to significant reductions in AChE activity
in three different Gammarus species (Kuhn and Streit, 1994). In G. pulex, strong AChE inhibition
(94%) was observed after exposure to OP insecticide chlorpyrifos at a concentration of 2.86 nM for 96
hours (Xuereb et al., 2007). Similarly, Xuereb et al. (2009) reported that chlorpyrifos plays a role in
inhibiting AChE activity when G. fossarum is exposed to chlorpyrifos for a short time (96 hours).
Also, exposure to diazinon oxon for 24-hours has been reported to cause an almost complete inhibition
(92%) in the AChE activity of G. pulex (Elwahaishi et al., 2019). Pala (2019), was reported that
inhibition in AChE activity of G. pulex, which was exposed to OP glyphosate-based herbicide (GBH)
concentrations (10, 20, 40 ug I'l) for 24 and 96 hours, was observed, and the inhibition range to be min
23% max 53%.

Furthermore, the results of this study showed that the AChE activity was affected step by step at
24 and 48 hours exposure to malathion concentrations and the inhibition rate increased with time
(Figure 2). This result is similar to the findings obtained by Xuereb et al. (2009). They reported that
after exposure to 28 nM concentration of chlorpyrifos for 24, 48, and 96 h, in the AChE enzyme
activity of G. fossarum, 19%, 33%, and 70% inhibition was observed, respectively. Similarly, Pala
(2019) was revealed that AChE inhibition increased in G. pulex depending on GBH concentration and
exposure time.
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Figure 2. The AChE activity inhibition rates (IR) of groups in different exposure time (24 and 48 h) (%)

CONCLUSION

Sublethal concentrations of OP insecticide malathion caused in time-dependent increasing
inhibition of AChE activity in G. pulex. Also, the results showed that up to 75% AChE inhibition
levels in G. pulex did not lead to death. Thus, it is suggested that AChE in G. pulex can be effectively
used as a biological marker of organophosphate pesticide toxicity.

Acknowledgments: This study has been presented as a poster in the International Conference on
Physical Chemistry and Functional Materials- PCFM 2018 at Elaz1g/Turkey and published as a
summary in the proceedings.

REFERENCES

Anderson, T. D., & Lydy, M. J. (2002). Increased toxicity to invertebrates associated with a mixture of atrazine
and organophosphate insecticides. Environmental Toxicology and Chemistry: An International Journal,
21(7), 1507-1514.

Barata, C., Solayan, A., & Porte, C. (2004). Role of B-esterases in assessing toxicity of organophosphorus
(chlorpyrifos, malathion) and carbamate (carbofuran) pesticides to Daphnia magna. Aquatic
Toxicology, 66(2), 125-139.

Barr, D. B., & Needham, L. L. (2002). Analytical methods for biological monitoring of exposure to pesticides: a
review. Journal of Chromatography B, 778(1-2), 5-29.

Cimen, M. (2015). Fen ve Saglik Bilimleri Alanlarinda SPSS Uygulamali Veri Analizi. Palme Yaymecilik, 314p.,
Ankara.

Cold, A., & Forbes, V. E. (2004). Consequences of a short pulse of pesticide exposure for survival and
reproduction of Gammarus pulex. Aquatic Toxicology, 67(3), 287-299.

Day, K. E., & Scott, I. M. (1990). Use of acetylcholinesterase activity to detect sublethal toxicity in stream
invertebrates exposed to low concentrations of organophosphate insecticides. Aquatic Toxicology, 18(2),
101-113.

De la Torre, F. R., Ferrari, L., & Salibian, A. (2002). Freshwater pollution biomarker: Response of brain
acetylcholinesterase activity in two fish species. Comparative Biochemistry and Physiology Part C:
Toxicology & Pharmacology, 131(3), 271-280.

Demirci, O. (2018) Imidakloprit ve asetamipritin Gammarus Kischineffensis (Amphipoda: Crustacea) iizerine
akut toksik etkisinin degerlendirilmesi. Igdwr Universitesi Fen Bilimleri Enstitiisii Dergisi, 8(3), 85-92.

Ellman, G. L., Courtney, K. D., Andres Jr, V., & Featherstone, R. M. (1961). A new and rapid colorimetric
determination of acetylcholinesterase activity. Biochemical Pharmacology, 7(2), 88-95.

Elwahaishi, S., & Mohamed, W. F. (2019). In vitro and in vivo inhibition of Gammarus pulex
acetylcholinesterase by diazinon. Scientific Journal of Faculty of Education, 1(12), 14-27.

Fahmy, G. H. (2012). Malathion toxicity: Effect on some metabolic activities in Oreochromis niloticus, the
tilapia fish. International Journal of Bioscience, Biochemistry and Bioinformatics, 2(1), 52-55.

Feng, T., Li, Z. B., Guo, X. Q., & Guo, J. P. (2008). Effects of trichlorfon and sodium dodecyl sulphate on

206



PALA et al. 2020 ActAquaTr 16(2), 202-208

antioxidant defense system and acetylcholinesterase of Tilapia nilotica in vitro. Pesticide Biochemistry
and Physiology, 92(3), 107-113.

Forget, J., Beliaeff, B., & Bocquené, G. (2003). Acetylcholinesterase activity in copepods (Tigriopus
brevicornis) from the Vilaine River estuary, France, as a biomarker of neurotoxic contaminants. Aquatic
Toxicology, 62(3), 195-204.

Forrow, D. M., & Maltby, L. (2000). Toward a mechanistic understanding of contaminant-induced changes in
detritus processing in streams: Direct and indirect effects on detritivore feeding. Environmental
Toxicology and Chemistry: An International Journal, 19(8), 2100-2106.

Gauthier, P. T., Norwood, W. P., Prepas, E. E., & Pyle, G. G. (2016). Behavioural alterations from exposure to
Cu, phenanthrene, and Cu-phenanthrene mixtures: linking behaviour to acute toxic mechanisms in the
aquatic amphipod, Hyalella azteca. Aquatic Toxicology, 170, 377-383.

Giesy, J. P., Solomon, K. R., Coats, J. R., Dixon, K. R., Giddings, J. M., & Kenaga, E. E. (1999). Chlorpyrifos:
ecological risk assessment in North American aquatic environments. In Reviews of Environmental
Contamination and Toxicology, 1-129.

Giri, A, Yadav, S. S., Giri, S., & Sharma, G. D. (2012). Effect of predator stress and malathion on tadpoles of
Indian skittering frog. Aquatic Toxicology, 106, 157-163.

Gueltekin, Z., Aydin, R., & Carola W. (2017). Macroinvertebrate composition in the metarhithral zones of the
Munzur and Piilimiir rivers: a preliminary study. Turkish Journal of Zoology, 41(6), 1100-1104.

Hamed, H. S. (2015). Impact of a short-term malathion exposure of Nile tilapia,(Oreochromis niloticus): the
protective role of selenium. International Journal of Environmental Monitoring and Analysis, 3, 30-37.

Hyne, R. V., & Maher, W. A. (2003). Invertebrate biomarkers: Links to toxicosis that predict population
decline. Ecotoxicology and Environmental Safety, 54(3), 366-374.

Kirby, M. F., Morris, S., Hurst, M., Kirby, S. J., Neall, P., Tylor, T., & Fagg, A. (2000). The use of
cholinesterase activity in flounder (Platichthys flesus) muscle tissue as a biomarker of neurotoxic
contamination in UK estuaries. Marine Pollution Bulletin, 40(9), 780-791.

Kozlovskaya, V. I., Mayer, F. L., Menzikova, O. V., & Chuyko, G. M. (1993). Cholinesterases of aquatic
animals. In Reviews of Environmental Contamination and Toxicology, 117-142.

Kristoff, G., Guerrero, N. V., de D’Angelo, A. M. P., & Cochén, A. C. (2006). Inhibition of cholinesterase
activity by azinphos-methyl in two freshwater invertebrates: Biomphalaria glabrata and Lumbriculus
variegatus. Toxicology, 222(3), 185-194.

Kuhn, K., & Streit, B. (1994). Detecting sublethal effects of organophosphates by measuring
acetylcholinesterase activity in  Gammarus. Bulletin  of Environmental Contamination and
Toxicology, 53(3), 398-404.

Lowry, O. H., Rosebrough, N. J., Farr, A. L., & Randall, R. J. (1951). Protein measurement with the Folin
phenol reagent. Journal of Biological Chemistry, 193(1), 265-275.

MacNeil, C., Dick, J. T., Bigshy, E., Elwood, R. W., Montgomery, W. |, Gibbins, C. N., & Kelly, D. W. (2002).
The validity of the Gammarus: Asellus ratio as an index of organic pollution: abiotic and biotic
influences. Water Research, 36(1), 75-84.

McLoughlin, N., Yin, D., Maltby, L., Wood, R. M., & Yu, H. (2000). Evaluation of sensitivity and specificity of
two crustacean biochemical biomarkers. Environmental Toxicology and Chemistry: An International
Journal, 19(8), 2085-2092.

Mise Yonar, S. (2013). Toxic effects of malathion in carp, Cyprinus carpio carpio: protective role of
lycopene. Ecotoxicology and Environmental Safety, 97, 223-229.

Moulton, C. A., Fleming, W. J., & Purnell, C. E. (1996). Effects of two cholinesterase-inhibiting pesticides on
freshwater mussels. Environmental Toxicology and Chemistry: An International Journal, 15(2), 131-137.

OECD, (2004). Daphnia sp., Acute Immobilisation Test, OECD Guidelines for Testing of Chemicals, No. 202,
OECD, Paris.

Orug, E. O., & Uner, N. (1999). Effects of 2, 4-Diamin on some parameters of protein and carbohydrate
metabolisms in the serum, muscle and liver of Cyprinus carpio. Environmental Pollution, 105(2), 267-
272.

Pala, A., & Serdar, O. (2018). Seasonal Variation of Acetylcholinesterase Activity as a Biomarker in Brain
Tissue of Capoeta umbla in Pilimir Stream. Journal of Limnology and Freshwater Fisheries
Research, 4(2), 98-102.

Pala, A. (2019). The effect of a glyphosate-based herbicide on acetylcholinesterase (AChE) activity, oxidative
stress, and antioxidant status in freshwater amphipod: Gammarus pulex (Crustacean). Environmental
Science and Pollution Research, 1-9.

Rinderhagen, M., Ritterhoff, J., & Zauke, G. P. (2000). Crustaceans as bioindicators. In Biomonitoring of
Polluted Water-Reviews on Actual Topics. Trans Tech Publications-Scitech Publications, Environmental
Research Forum, 9,161-194.

Serdar, O., Yildirim, N. C., Tatar, S., Yildirim, N., & Ogedey, A. (2018). Antioxidant biomarkers in Gammarus

207



PALA et al. 2020 ActAquaTr 16(2), 202-208

pulex to evaluate the efficiency of electrocoagulation process in landfill leachate
treatment. Environmental Science and Pollution Research, 25(13), 12538-12544.

Serdar, O. (2019). The effect of dimethoate pesticide on some biochemical biomarkers in Gammarus pulex.
Environmental Science and Pollution Research, 26, 1-10.

Sahinkusu, F, (2018). Malathion insektisitinin Gammarus pulex (L., 1758) iizerine akut toksisitesinin
belirlenmesi. MSc thesis, Fisheries Department, Institute of Science, Munzur University, 33p., Tunceli.

Ugurlu, P., Unlii, E., & Satar, E. 1. (2015). The toxicological effects of thiamethoxam on Gammarus
kischineffensis  (Schellenberg 1937) (Crustacea: Amphipoda). Environmental Toxicology and
Pharmacology, 39(2), 720-726.

Varo, 1., Navarro, J. C., Amat, F., & Guilhermino, L. (2002). Characterisation of cholinesterases and evaluation
of the inhibitory potential of chlorpyrifos and dichlorvos to Artemia salina and Artemia
parthenogenetica. Chemosphere, 48(6), 563-569.

Xuereb, B., Noury, P., Felten, V., Garric, J., & Geffard, O. (2007). Cholinesterase activity in Gammarus pulex
(Crustacea Amphipoda): characterization and effects of chlorpyrifos. Toxicology, 236(3), 178-189.
Xuereb, B., Lefevre, E., Garric, J., & Geffard, O. (2009). Acetylcholinesterase activity in Gammarus fossarum
(Crustacea Amphipoda): linking AChE inhibition and behavioural alteration. Aquatic Toxicology, 94(2),

114-122.

208


http://acikerisim.munzur.edu.tr/xmlui/handle/20.500.12406/326
http://acikerisim.munzur.edu.tr/xmlui/handle/20.500.12406/326

