Natansa Adi Sukma, Prof. Dr. rer. nat. Andhika Puspito Nugroho, S.Si., M.Si.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR PUSTAKA

Abdulmajeed, B.M., LA. Adel, & M.A. Abdullah. 2013. Toxicity of heavy metals
and microbial analysis of soil samples collected from the area around Zliten
cement factory. Open Journal of Air Pollution, 2:25-28.

Adu, J.T. & M.V. Kumarasamy. 2017. Assessing non-point source pollution models:
a review. Polish Journal of Environmental Studies, 27(5):1913—-1922.

AlMomani, F.A. & B. Ormeci. 2016. Performance of Chlorella vulgaris, Neochloris
oleoabundans, and mixed indigenous microalgae for treatment of primary
effluent, secondary effluent and centrate. Ecological Engineering, 95:280—
289.

Amamou, F., S. Nemmiche, R.K. Meziane, A. Didi, S.A. Yazit, & D. Chabane-Sari.
2015. Protective effect of olive oil and colocynth oil against cadmium-
induced oxidative stress in the liver of Wistar rats. Food and Chemical
Toxicology, 78:177—-184.

Andrade, L.R., R.N. Leal, M. Noseda, M.E.R. Duarte, M.S. Pereira, P.A.S. Mourio,
M. Farina, & G.M. Filho. 2010. Brown algae overproduce cell wall
polysaccharides as a protection mechanism against the heavy metal toxicity.
Marine Pollution Bulletin, 60:1482—1488.

Awaliyah, R.B., I. Yulianti, A. Agustian, & S. Mubhsinin. 2019. Overproduksi
astaxanthin pada Haematococcus pluvialis dengan induksi radiasi UV dan
penambahan BHT. Journal of Pharmacopolium, 2(3):179-187.

Awasthi, A K., X. Zeng, & J. Li. 2016. Integrated bioleaching of copper metal from
waste printed circuit board—a comprehensive review of approaches and
challenges. Environmental Science and Pollution, 23:21141-21156.

Aziz, L. & A.R. Chasani. 2020. Perbandingan struktur dan komposisi makroalga di
Pantai Drini dan Pantai Krakal. Indonesian Journal of Marine Science and
Technology, 13(2):75-85.

Azqueta, A. & A.R. Collins. 2011. The comet assay: A sensitive and quantitative
method for analysis of DNA damage. In Encyclopedia of Analytical
Chemistry. John Wiley & Sons, Ltd. DOI:10.1002/9780470027318.a9192

Azqueta, A. & A.R. Collins. 2013. The essential comet assay: a comprehensive
guide to measuring DNA damage and repair. Archives of Toxicology, 87(6):
949-968.

Babiker, A.S. & A.I. Ahmed. 2016. Extraction of copper by using
hydrometallurgical process from malachite ore. International Journal of
Engineering, Applied and Management Sciences Paradigms, 42(1):108—
117.

Baghani, H.R., A. Shiri, & H. Gholamhosseinian. 2023. Comparing the DNA-
damage RBE of intraoperative and conventional electron beams using a
hybrid simulation approach. International Journal of Radiation Biology,
100(1):46-60.

Bajpayee, M., A. Kumar, & A. Dhawan. 2016. The Comet Assay in Toxicology. 2"
Ed. Royal Society of Chemistry. DOI:
https://doi.org/10.1039/9781782622895

BLH. 2015. Data Kualitas Air Sungai. http://jogjaprov.go.id.

51

Efek Kombinasi Cu dan Cd pada Kerusakan DNA Chlorella sorokiniana Shihira & R.W.Krauss


https://doi.org/10.1002/9780470027318.a9192?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1039/9781782622895

Efek Kombinasi Cu dan Cd pada Kerusakan DNA Chlorella sorokiniana Shihira & R.W.Krauss
Natansa Adi Sukma, Prof. Dr. rer. nat. Andhika Puspito Nugroho, S.Si., M.Si.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Bartkowiak, A. & J. Lemanowicz. 2017. Effects of forest fire on changes in the
content of total and available forms of selected heavy metals and catalase
activity in soil. Soil Science Annual, 68(3):140—148.

Bascik-Remisiewicz, A., A. Aksmann, A. Zak, M. Kowalska, & Z. Tukaj. 2011.
Toxicity of cadmium, anthracene, and their mixture to Desmodesmus
subspicatus estimated by algal growth-inhibition ISO standard test.
Archives of Environmental Contamination and Toxicology, 60:610-617.

Baswani, S.R., P. Hazarika, T. Meshram, G. Bage, M.L. Dora, A. Saha, M.
Korakoppa, R. Meshram, & K.C. Rao. 2023. Genesis of greenockite (CdS)
and associated sulphide-gold mineralization from Mahakoshal belt, Central
Indian tectonic zone. Geological Journal, 58(4):1623—1643.

Bataeva, Y.V. & L.N. Grigoryan. 2024. Ecological features and adaptive capabilities
of Cyanobacteria in desert ecosystems: a review. Eurasian Soil Science,
57:430-445.

Boutet-Robinet, E., Y. Canitrot, & D. Trouche. 2013. Neutral comet assay. Bio-
protocol, 3(18):1-6.

BTI. 2015. Algae to Energy - Using and Re-using a Hemocytometer to Count Algae
Cells. https://btiscience.org/wp-content/uploads/2015/12/e.-Algae-to-
Energy-Counting-Algae-Cells.pdf

Caldecott, K.W. 2024. Causes and consequences of DNA single-strand breaks.
Trends in Biochemical Science, 49(1):68-78.

Cao, O., Y. Xiong, H. Yang, J. Liu, & H. Wang. 2018. Succession of phytoplankton
functional groups and their driving factors in a subtropical plateau lake.
Science of the Total Environment, 631-632:1127-1137.

Chorus, 1., J. Fastner, & M. Welker. 2021. Cyanobacteria and cyanotoxins in a
changing environment: concepts, controversies, challenges. Water,
13(18):1-41.

Comber, S., G. Deviller, L. Wilson, A. Peters, G. Merrington, P. Borrelli, & S.
Baken. 2023. Source of copper into the european aquatic environment.
Integrated Environmental Assessment and Management, 19(4):1031-1047.

Chaundhry, F.N. & M.F. Malik. 2017. Factors affecting water pollution: a review.
Journal of Ecosystem & Ecography, 7(1):1-3.

Clementi, E., Z. Garajova, & E. Markkanen. 2021. Measuring DNA damage using
the alkaline comet assay in cultured cells. Bio-protocol, 11(16):1-17.

Collins, A.R. & A. Azqueta. 2012. Single-cell gel electrophoresis combined with
lesion-specific enzymes to measure oxidative damage to DNA. In Methods
in Cell Biology, 112(C):69-92.

Crini, N.M., E. Lichtfouse, G. Liu, V. Balaram, A.R.L. Ribeiro, Z. Lu, F. Stock, E.
Carmora, M.R. Teixeira, L.A.P. Corrales, J.C.M. Pirajan, L. Giraldo, C. Li,
A. Pandey, D. Hocquet, G. Torri, & G. Crini. 2022. Worldwide cases of
water pollution by emerging contaminants: a review. Environmental
Chemistry Letters, 20:2311-2338.

Cyvjetko, P., S. Toli¢, S. Siki¢, B. Balen, M. Tkalec, Z. Vidakovi¢-Cifrek, & M.
Pavlica. 2010. Effect of copper on the toxicity and genotoxicity of cadmium
in duckweed (Lemna minor L.). Archives of Industrial Hygiene and
Toxicology, 61(3):287-297.

Dasgupta, C.N., VK. Singh, S. Nayaka, & S. Kishore. 2019. Molecular phylogeny
of a commercially important thermophilic microalga Chlorella sorokiniana

52



Natansa Adi Sukma, Prof. Dr. rer. nat. Andhika Puspito Nugroho, S.Si., M.Si.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

LWGO002615 and associated bacterium Aquimonas sp. NBR101 isolated
from Jeori thermal spring, Shimla, India. Nucleus, 63(2):1-8.

Davis, J.R. 2001. Copper and Copper Alloys. 1% ed. United States of America: ASM
International.

Davis, T.A., B. Volesky, & A. Mucci. 2003. A review of the biochemistry of heavy
metal biosorption by brown algae. Water Research, 37:4311-4330.

De Rosa, M., S.A. Johnson, & P.L. Opresko. 2021. Roles for the 8-Oxoguanine
DNA repair system in protecting telomeres from oxidative stress. Frontiers
in Cell and Developmental Biology, 9:1-16.

Del Cortona, A., C.J. Jackson, F. Bucchini, M. Van Bel, S. D’hondt, & P. Skaloud.
2020. Neoproterozoic origin and multiple transitions to macroscopic growth
in green seaweeds. Proceedings of the National Academy of Sciences of the
United States of America, 117:2551-2559.

Domingo, J.L. M. Schuhmacher, S. Granero, J.M. Llobet, & H.A.M. Kok. 2001.
PCDDJF levels in the vicinity of an old minicipal solid waster incinerator:
temporal variation in soils. Environmental monitoring assessment, 69:175—
193.

Douce, A.E.P. 2016. Metallic mineral resources in the twenty-first century: II.
Constraints on future supply. Natural Resources Research, 25(1):97—124.

Dringen, R., M. Brandmann, M.C. Hohnholt, & E.M. Blumrich. 2015. Glutahione-
dependent detoxification processes in astrocytes. Neurochemical Research,
40:2570-2582.

Edo, G.I., P.O. Samuel, G.O. Oloni, G.O. Ezekiel, V.O. Ikpekoro, P. Obasohan, J.
Ongulu, C.F. Otunuya, A.R. Opiti, & R.S. Ajakaye. 2023. Environmental
persitence, bioaccumulation, and ecotoxicology of heavy metals. Chemistry
and Ecology, 40(3):322-349.

El-Din, SM.M. & Abdel-Kareem, M.S. 2020. Effects of copper and cadmium on
the protein profile and DNA pattern of marine microalgae Chlorella salina
and Nannochlorophis salina. Environmental Processes, 7:189-205.

Erbes, M., A. Webler, U. Obst, & A. Wild. 1997. Detection of primary DNA damage
in  Chlamydomonas reinhardii by means of modified microgel
electrophoresis. Environmental and Molecular Mutagenesis, 30:448—458.

Erboga, M., M. Kanter, C. Aktas, U. Sener, Z. Z.F. Erboga, Y.B. Donmez, & A.
Gurel. 2016. Thymoquinone ameliorates cadmium-induced nephrotoxicity,
apoptosis, and oxidative stress in rats in based on its anti-apoptotic and anti-
oxidant properties. Biological Trace Element Research, 170:165—-172.

Espinoza-Quifiones, F.R., C.E. Zacarkim, & S.M. Palacio. 2005. Removal of heavy
metal from polluted river water using aquatic macrophytes Salvinia sp.
Brazilian Journal of Physics, 35(3):744-746.

Fan, P., Y. Li, R. Deng, F. Zhu, F. Cheng, G. Song, W. Mi, & Y. Bi. 2022. Mixotrphic
cultivation optimization of microalga Euglena pisciformis AEWS501 for
paramylon production. Marine Drugs, 20(8):1-13.

Feng, Y., N. Seija, J.M. Di Noia, & A. Martin. 2020. AID in antibody
diversification: there and back again. Trends in Immunology, 41(7):586-600.

Flores, E., S. Picossi, A. Valladares, & A. Herrero. 2019. Transcriptional regulation
of development in heterocyst-forming Cyanobacteria. BBA-Gene
Regulatory Mechanism, 1862(7):673—684.

53

Efek Kombinasi Cu dan Cd pada Kerusakan DNA Chlorella sorokiniana Shihira & R.W.Krauss



Natansa Adi Sukma, Prof. Dr. rer. nat. Andhika Puspito Nugroho, S.Si., M.Si.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Focke, F., D. Schuermann, N. Kuster, & P. Schér. 2010. DNA fragmentation in
human fibroblast under extremely low-frequency electromagnetic field
exposure. Mutation Research Fundamental and Molecular Mechanisms of
Mutagenesis, 683(1-2):74-83.

Franklin, N.M., J.L. Stauber, R.P. Lim, & P. Petocz. 2002. Toxicity of metal
mixtures to a tropical freshwater alga (Chlorella sp.): the effect of
interactions between copper, cadmium, and zinc on metal cell binding and
uptake. Environmental Toxicology and Chemistry, 21(11):4212-2422.

Girtner, G., B. Uzunov, E. Ingolic, W. Kofler, G. Gacheva, P. Pilarski, L.
Zagorchev, M. Odjakova, M. Stoyneva. 2015. Microscopic investigations
(LM, TEM and SEM) and identification of Chlorella isolate R-06/2 from
extreme habitat in Bulgaria with a strong biological activity and resistance
to environmental stress factors. Biotechnology & Biotechnological
Equipment, 29:536-540.

GBIF. 2023. Chlorella sorokiniana Shihira & R.W.Krauss.
https://www.gbif.org/species/5270956.

Genchi, G., M.S. Sinicropi, G. Lauria, A. Carocci, & A. Catalano. 2020. The effects
of cadmium toxicity. International Journal of Environmental Research and
Public Health, 17(11):1-24.

Geng, W.W., X'F. Xiao, L.L. Zhang, W.M. Ni, N. Li, & Y.J. Li. 2021. Response and
tolerance ability of Chlorella vulgaris to cadmium pollution stress.
Environmental Technology, 43(27):4391-4401.

Gu, P, Q. Li, W.Z. Zhang, Z. Zheng, & X.Z. Luo. 2020. Effects of different metal
ions (Ca, Cu, Pb, Cd) on formation of cyanobacterial blooms. Ecotoxicology
and Environmental Safety, 189:1-9.

Hamed, S.M., S. Selim, G. Kloéck, & H. AbdElgawad. 2017. Sensitivity of two
green microalgae to copper stress: growth, oxidative and antioxidants
analyses. Ecotoxicology and Environmental Safety, 144:19-25.

Hazlina, A.Z., L. Devanthiran, & H. Fatimah. 2019. Morphological changes and
DNA damage in Chlorella vulgaris (UMT-M1) induced by Hg?*. Malaysian
Applied Biology, 48(1):27-33.

Hill, A.R. 2019. Groundwater nitrate removal in riparian buffer zones: a review of
research progress in the past 20 years. Biogeochemistry, 143:347-369.

Hirose, M., F. Mukaida, S. Okada, T. Noguchi. 2013. Active hydrocarbon
biosynthesis and accumulation in a green alga, Botryococcus braunii (race
A), eukaryot. Cell, 12:1132—-1141.

Hoham, R.W. & D. Remias. 2019. Snow and glacial algae: a review. Journal of
Phycology, 56(2):264-282.

Hu, C., Q. Wang, H. Zhao, L. Wang, S. Guo, & X. Li. 2015. Ecotoxicological effects
of graphene oxide on the protozoan Euglena gracilis. Chemosphere,
128:184-190.

Ide, H., T. Nakano, A.M.H. Salem, & M.I. Shoulkamy. DNA-protein cross-links:
formidable challenges to maintinging genome integrity. DNA Repair,
71:190-197.

Iyer, D.R. & N. Rhind. 2017. The intra-S checkpoint responses to DNA damage.
Genes, 8(2):1-24.

Jazzar, S. J. Quesada-Medina, P. Olivares-Carrillo, M.N. Marzouki, F.G. Acién-
Fernandez, J.M. Fernandez-Sevilla, E. Molina-Grima, & I. Smaali. 2015. A

54

Efek Kombinasi Cu dan Cd pada Kerusakan DNA Chlorella sorokiniana Shihira & R.W.Krauss



Natansa Adi Sukma, Prof. Dr. rer. nat. Andhika Puspito Nugroho, S.Si., M.Si.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

whole biodiesel conversion process combining isolation, cultivation and in
situ supercritical methanol transesterification of native microalgae.
Bioresource Technology, 190:281-288.

Jogawat, A., B. Yadav, Chhaya, & O.P. Narayan. 2021. Metal transporters in
organelles and their roles in heavy metal transportation and sequestration
mechanism in plants. Physiol Plant, 173(1):259-275.

Kane, S., P. Lazo, & A. Vlora. 2012. Assessment of heavy metals in some dumps
of copper mining and plants in Mirdita Area, Albania. Proceedings of the 5"
International Scientific Conference on Water, Climate and Environment.
Macedonia: Ohrid.

Kang, Y., I. Kwak, & C. Kang. 2022. Co-occurrence of Bacillariophyceae-based-
and Cryptophyceae-based planktonic food webs in a temperate estuarine
ecosystem revealed via eDNA. Estuarine, Coastal and Shelf Science,
254:1-9.

Kérkonen, A., R.A. Dewhirst, C.L. Mackay, & S.C. Fry. 2017. Motabolites of 2,3-
diketogulonate delay peroxidase action and induce non-enzymic H>O>
generation: potential roles in the plant cell wall. Archives of Biochemistry
and Biphysics, 620:12-22.

Kato, S., K. Ozasa, M. Maeda, Y. Tanno, S. Tamaki, M. Higuchi-Takeuchi, K.
Numata, Y. Kodama, M. Sato, K. Toyooka, & T. Shinomura. 2019.
Carotenoids in the eyespot apparatus are required for triggering phototaxis
in Euglena gracilis. The Plant Journal, 101(5):1091-1102.

Khatiwada, B., M.T. Hasan, A. Sun, K.S. Kamath, M. Mirzei, A. Sunna, & H.
Nevalainen. 2020. Probing the role of the chloroplast in heavy metal
tolerance and accumulation in Euglena gracilis. Microorganisms, 8(1):1—
18.

Knopper, L.D. & J.P. McNamee. 2008. Use of the comet assay in environmental
toxicology. In C. Martin (Ed). Methods in Molecular Biology,410:171-183.

Krol, A., K. Mizerna, & M. Bozym. 2020. An assessment of pH-dependent release
and mobility of heavy metals from metallurgical slag. Journal of Hazardous
Materials, 384:1-9.

Kumaravel, T.S. & A.N. Jha. 2006. Reliable comet assay measurements for
detecting DNA damage induced by ionising radiation and chemicals.
Mutation Reasearch, 605(1-2):7-16.

Ledn-Vaz, A., R. Ledn, 1. Giraldez, J.M. Vega, & J. Vigara. 2021. Impact of heavy
metals in the microalga Chlorella sorokiniana and assessment of its
potential use in cadmium bioremediation. Aquatic Toxicology, 239:1-7.

Li, X., W. Monnens, Z. Li, J. Fransaer, & K. Binnemans. 2020. Solvometallurgical
process for extraction of copper from chalcopyrite and other sulfidic ore
minerals. Green Chemistry, 22:417-426.

Liang, S., Y. Kang, L. Zeng, Y. Qin, L. Wang, Q. Zhang, & J. Luo. 2017. How
Chlorella sorokiniana and its high tolerance to Pb might be a potential Pb
biosorbent. Polish Journal of Environmental Studies, 26(3):1139-1146.

Lind, L., E.M. Hasselquist, & H. Laudon. 2019. Towards ecologically functional
riparian zones: a meta-analysis to develop guidelines for protecting
ecosystem functions and biodiversity in agricultural landscapes. Journal of
Environmental Management, 249:1-9.

55

Efek Kombinasi Cu dan Cd pada Kerusakan DNA Chlorella sorokiniana Shihira & R.W.Krauss



Natansa Adi Sukma, Prof. Dr. rer. nat. Andhika Puspito Nugroho, S.Si., M.Si.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Liu, W.X., L.F. Shen, J.W. Liu, Y.W. Wang, & S.R. Li. 2007. Uptake of toxic heavy
metals by rice (Oriza sativa L.) cultivated in the agricultural soils near
Zhengzhou City, People’s Republic of China. Bulletin of Environmental
Contamination and Toxicology, 79:209-212.

Luo, P, C. Xu, S. Kang, A. Huo, J. Lyu, M. Zhou, & D. Nover. 2021. Heavy metals
in water and surface sediments of the Fenghe River Basin, China:
assessment and source analysis. Water Scientific Technology, 84(10-
11):3072-3090.

Ma, Y., M. Lu, J.Y. Li, Y. Qin, & X.G. Gong. 2012. Evolutive and structural
characterization of Nostoc commune iron-superoxide dismutase that is fit
for modification. Genetics and Molecular Research, 11:3607-3617.

Ma, Y., W. Shen, T. Tang, Z. Li, & R. Dai. 2022. Environmental estrogens in surface
water and their interaction with microalgae: a review. Science of the Total
Environment, 807:1-13.

Mallick, N. 2003. Copper-induced oxidative stress in the chorophycean microalga
Chlorella vulgaris: response of the antioxidant system. Jurnal of Plant
Physiology. 161:591-597.

Maria, D. & A.R. Collins. 2008. The comet assay in human biomonitoring: gene-
environment interactions. Mutagenesis, 23(3):191-205.

Mokmeli, M. & M.T. Parizi. 2022. Low-grade chalcopyrite ore, heap leaching or
smelting recovery route?. Hydrometallurgy, 211:1-10.

Morales, M.E., R.S. Derbes, C.M. Ade, J.C. Ortego, J. Stark, P.L. Deininger, &
A.M. Roy-Engel. 2016. Heavy metal exposure influences double strand
break DNA repair outcomes. PloS ONE, 11(3):1-21.

Muggia, L., S. Leavitt, & E. Barreno. 2018. The hidden diversity of lichenised
Trebouxiophyceae (Clorophyta). Phycologia, 57(5):503-524.

Ngo, H.T.T., S. Gerstmann, & H. Frank. 2009. Toxicity of cadmium to the green
alga Parachlorella kessleri: producing Cd-loaded algae for feeding
experiments. Toxicoological and Environmental Chemistry, 91(2):279-288.

Ning, Y., M. Yang, C. Liu, J. Huang, T. Wang, Y. Pang, & Q. Li. 2025. Effect of
weathering on Cd mobilization in different sedimentary bedrock soils. Land,
14(1):87-96.

Nugroho, A.P. & H. Frank. 2011. Producing Cu-loaded algae for feeding
experiments: effects of copper on Parachlorella kessleri. Toxicological and
Environmental Chemistry, 93(3):537-548.

Nugroho, A.P. & H. Frank. 2012. Effects of copper on lipid peroxidation,
glutathione, metallothionein, and antioxidative enzymes in the freshwater
mussel Anodonta anatina. Ecotoxicological and Environmental Chemistry,
94(5):918-929.

Nugroho, A.P., N.S.N. Handayani, & 1.G.A. Pramudita. 2017. Combined effects of
copper and cadmium on Chlorella pyrenoidosa H.Chick: subcellular
accumulation, distribution, and growth inhibition. 7oxicological &
Environmental Chemistry, 99(9-10):1368—-1377.

Nugroho, A.P., N.S.N. Handayani, S. Darmasiwi, W.G. Zulfikar, & A.A. Rizki.
2020. Bichemical responses and DNA damage of Chlorella pyrenoidosa H.
Chick upon exposure to combined Cu and Cd at environmentally realistic
levels. Environment and Natural Resources Journal, 18(3):290-303.

56

Efek Kombinasi Cu dan Cd pada Kerusakan DNA Chlorella sorokiniana Shihira & R.W.Krauss



Natansa Adi Sukma, Prof. Dr. rer. nat. Andhika Puspito Nugroho, S.Si., M.Si.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Ordoiiez, J.1., S. Cortés, P. Maluenda, & 1. Soto. 2023. Biosorption of heavy metals
with algae: critical review of its application in real effluents. Sustainability,
15(6):1-14.

Panagos, P., C. Ballabio, E. Lugato, A. Jones, P. Borrelli, S. Scarpa, A. Orgiazzi, &
L. Montanarella. 2018. Potentioal sources of anthropogenic copper inputs
to european agriculture soils. Sustainability, 10(7):1-17.

Parveen, G.R. & R. Selvasembian. 2026. Microalgae under heavy metal stress:
mechanistic insights into detoxification mechanism and antioxidant defence
system. Bioresource Technology, 443:1-16.

Pearson, R.G. 2005. Chemical hardness and density functional theory. Journal of
Chemical Sciences, 117:369-377.

Peana, M., A. Pelluceli, S. Medici, R. Cappai, V.M. Nurchi, & M.A. Zoroddu. 2021.
Metal toxicity and speciation: a review. Current Medicinal Chemistry,
28(35):7190-7208.

Peana, M., A. Pelucelli, C.T. Chasapis, S.P. Perlepes, V. Bekiari, S. Medici, & M.A.
Zoroddu. 2023. Biological effects of human exposure to environmental
cadmium. Biomolecules, 13(1):1-19.

Peng, C., Y. Cai, T. Wang, R. Xiao, & W. Chen. 2016. Regional probabilistic risk
assessment of heavy metals in different environmental media and land uses:
an urbanization-affected drinking water supply area. Scientific Reports,
6(1):1-9.

Perez, R., L. Wormer, P. Sass, & 1. Maldener. 2018. A highly asynchronous
developmental program triggered during germination of dormant akinetes
of filamentous diazotrophic Cyanobacteria. FEMS Microbiology Ecology,
94(1):1-11.

Perin, G., D. Simionato, A. Bellan, M. Carone, A. Occhipinti, M.E. Maffei, & T.
Morosinotto. 2017. Cultivation in industrially relevant conditions has a
strong influence on biological properties and performances of
Nannochloropsis gaditana genetically modified strains. Algal research,
28:88-99.

Pezone, A., F. Olivieri, M.V. Napoli, A. Procopio, E.V. Avvedimento, & A.
Gabrielli. 2023. Inflammation and DNA damage: cause, effect or both.
Natural Reviews Rheumatology, 19:200-211.

Politaeva, N.A., Y.A. Smyatskaya, & E.A. Tatarintseva. 2020. Using adsorption
material based on the residual biomass of Chlorella sorokiniana microalgae
for wastewater purification to remove heavy metal ions. Chemical and
Petroleum Engineering, 55:907-912.

Prabu, P.C. 2009. Impact of heavy metal contamination of Akaki river of Ehtiopia
on soil and metal toxicity on cultivated vegetable crops. Electronic Journal
of Environmental, Agricultural and Food Chemistry, 8(9):818-827.

Pradhan, D., L.B. Sukla, B.B. Mishra, & N. Devi. 2019. Biosorption for removal of
hexavalent chromium usig microalgae Scenedesmus sp. Journal of Cleaner
Production, 209:617-629.

Pu, X., Z. Wang, & J.E. Klauing. 2015. Alkaline comet assay for assessing DNA
damage in individual cells. Current Protocols in Toxicology. 65(1):1-11.

Qian, H., J. Li, L. Sun, W. Chen, G.D. Sheng, W. Liu, & Z. Fu. 2009. Combined
effect of copper and cadmium on Chlorella vulgaris growth and
photosynthesis-related gene transcription. Aquatic toxicology, 94(1):56—61.

57

Efek Kombinasi Cu dan Cd pada Kerusakan DNA Chlorella sorokiniana Shihira & R.W.Krauss



Efek Kombinasi Cu dan Cd pada Kerusakan DNA Chlorella sorokiniana Shihira & R.W.Krauss
Natansa Adi Sukma, Prof. Dr. rer. nat. Andhika Puspito Nugroho, S.Si., M.Si.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Quarshie, S.D.G., X.F. Xiao, & L.L. Zhang. 2021. Enhanced phytoremediation of
soil heavy metal pollution and commercial utilization of harvested plant
biomass: a review. Water, Air, & Soil Pollution, 232(475):1-28.

Rahayu, T.H. & Nugroho, A.P. 2020. Integrated assessment of biomarker responses
in algae Chlorella sorokiniana exposed to copper and cadmium.
Biodiversitas, 21(8):3569-3575.

Rajeshkumar, S., Y. Liu, X. Zhang, B. Ravikumar, G. Bai, & X. Li. 2018. Studies
on seasonal pollution of heavy metals in water, sediment, fish and oyster
from the Meiliang Bay of Taihu Lake in China. Chemosphere, 191:626—638.

Rani, A., A. Kumar, A. Lal, & M. Pant. 2014. Cellular mechanism of cadmium-
induced toxicity: a review. International Journal of Environmental Health
Research, 24:378-399.

Rizki, A.A. 2019. Effect of the mixture of Cu and Cd on the DNA damage Chlorella
sorokiniana Shihira et Krauss. Thesis. Yogyakarta: Universitas Gadjah
Mada.

Roy, M. & K. Mohanty. 2019. A comprehensive review on microalgal harvesting
strategies: current status and future prospects. Algal research, 44(101683).

Saadaoui, I., G. Al Ghazal, T. Bounnit, F. Al Khulaifi, H. Al Jabri, & M. Potts. 2016.
Evidence of thermo and halotolerant Nannochloris isolate suitable for
biodiesel production in Qatar Culture Collection of Cyanobacteria and
Microalgae. Algal Research, 14:39-47.

Saha, P. & B. Paul. 2016. Assessment of heavy metal pollution in water resources
and their impacts: a review. Journal of Basic and Applied Engineering
Research, 3(8):671-675.

Saleh, B. 2015. Detection of genetic variations in marine algae Ulva lactuca
induced by heavy metal pollutants. Journal of Stress Physiology and
Biochemistry, 11:26-37.

Saleh, B. 2016. Genomic DNA changes in Ulva lactuca (Chlorophyta) under heavy
metal stress. International Journal of Environmental Science, 7(3):245—
255.

Shnyukova, E.I. & Y.K. Zolotariova. 2017. Ecological role of exopolysaccharides
of Bacillariophyta: a review. International Journal on Algae, 19(1):5-24.

Smirnoff, N. & D. Arnoud. 2018. Hydrogen peroxide metabolism and functions in
plants. Tansley Review, 221:1197-1214.

Snezhkina, A.V., A.V. Kudryavtseva, O.L. Kardymon, M.V. Savvateeva, N.V.
Melnikova, G.S. Krasnov, & A.A. Dmitriev. 2019. ROS generation and
antioxidant defense systems in normal and malignant cells. Oxidative
Medicine and Cellular Longevity, 2019(1):1-17.

Sobiech, M., P. Bujak, P. Lulinski, & A. Pron. 2019. Semiconductor nanocrystal-
polymer hydrib nanomaterials and their application in molecular imprinting.
Nanoscale, 11:12030-12074.

Song, X.B., G. Liu, F. Liu, Z.G. Yan, Z.Y. Wang, Z.P. Liu, & L. Wang. 2017.
Autophagy blockade and lysosomal membrane permeabilization contribute
to lead-induced nephrotoxicity in primary rat proximal tubular cells. Cel/
Death & Disease, 8:1-13.

Spain, O., M. Plohn, & C. Funk. 2021. The cell wall of green microalgae and its
role in heavy metal removal. Physiologia Plantarum, 173(2):526-535.

58



Natansa Adi Sukma, Prof. Dr. rer. nat. Andhika Puspito Nugroho, S.Si., M.Si.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Sun, Q., Y. Ling, L. Shi, R. Hussain, K. Mehmood, Z. Tang, & H. Zhang. 2022.
Heavy metals induced mitochondrial dysfunction in animals: molecular
mechanism of toxicity. Toxicology, 469:1-11.

Stadnichuk, I.N., P.M. Krasilnikov, & D.V. Zlenko. 2015. Cyanobacterial
phycobilisomes and phycobiliproteins. Microbiology, 84:101—111.

Stepan, E., C.E. Enascuta, E.E. Oprescu, E. Radu, A. Radu, A.M. Galan, G.
Vasilievici, V. Lavric, & S. Valea. 2016. Intermediates for synthetic
paraffinic kerosene from microalgae. Fuel, 172:29-36.

Stein, A. & A. Sia. 2017. Mitochondrial DNA repair and damage tolerance.
Frontiers in Bioscience, 22(5):920-943.

Stingele, J. & S. Jentsch. 2015. DNA-protein crosslink repair. Nature Reviews
Molecular Cell Biology, 16:455—460.

Suciu, N.A., R.D. Vivo, N. Rizzati, & E. Capri. 2022. Cd content in phosphate
fertilizer: which potential risk for the environment and human health?
Current Opinion in Environmental Science & Health, 30:1-6.

Sukla, R.K. 2018. An introduction to the single cell gel electrophoresis assay: a
technique resolving issues in forensic science. Egyptian Journal of Forensic
Sciences, 8(1): 1-7.

Thoré, E.S.J., K. Muylaert, M.G. Bertram, & T. Brodin. 2023. Microalgae. Current
Biology, 33(3):91-95.

Tice, R.R., E. Agurell, D. Anderson. 2000. Single cell gell comet assay: Guidelines
for in vitro and in vivo genotoxicity testing. Environmental Molecular
Mutagen, 35:206-221.

Timothy, N. & E.T. Williams. 2019. Environmental pollution by heavy metal: an
overview. International Journal of Environmental Chemistry, 3(2):72—82.

Torres, M.A., M.P. Barros, S.C.G. Campos, E. Pinto, S. Rajamani, R.T. Sayre, & P.
Colepicolo. 2008. Biochemical biomarkers in algae and marine pollution: a
review. Ecotoxicology and Environmental Safety, 71:1-15.

Torres, P., A.L. Llopis, C.S. Melo, & A. Rodrigues. 2023. Environmental impact of
cadmium in a volcanic archipelago: research challenges related to a natural
pollution source. Journal of Marine Science and Engineering, 11(1):1-18.

Troschl, C., K. Meixner, & B. Drosg. 2017. Cyanobacterial pha production—review
of recent advances and a summary of three years’ working experience
running a pilot plant. Bioengineering, 4(2):1-19.

Viau, M., J. Gastaldo, Z. Bencokova, A. Joubert, & N. Foray. 2008. Cadmium
inhibits non-homologuous end-joining and over-activates the MRE1I-
dependent repair pathway. Mutation Research, 654(1):13-21.

Vidya, G., H.Y. Suma, B.V. Bhatt, C. Parkash, & K.R. Rao. 2014. Hypoxia induced
DNA damage in children with isolated septal defect and septal defect with
great vessel anomaly of heart. Journal of Clinial Diagnose Research,
8(4):1-3.

Wang, J., H. Zhang, T. Zhang, R. Zhang, R. Liu, & Y. Chen. 2015. Molecular
mechanism on cadmium-induced activity changes of catalase and
superoxide dismutase. International Journal of Biological Macromolecules,
77:59-67.

Watanabe, K. & K. Fujii. 2016. Isolation of high-level-CO;-preferring Picochlorum
sp. strains and their biotechnological potential. A/gal Research, 18:135—-143.

59

Efek Kombinasi Cu dan Cd pada Kerusakan DNA Chlorella sorokiniana Shihira & R.W.Krauss



Natansa Adi Sukma, Prof. Dr. rer. nat. Andhika Puspito Nugroho, S.Si., M.Si.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Wei, K. & J. Yang. 2015. Oxidative damage induced by copper and beta-
cypermethrin in gill of the freshwater crayfish Procambarus clarkii. Journal
of Agricultural and Food Chemistry, 63:7795-7804.

Wen, G., S.J. Wang, J. Ma, T.L. Huang, Z.Q. Liu, L. Zhao, & J.L. Xu. 2014.
Oxidative degradation of organic pollutants in aqueous solutiion using zero
valent copper under aerobic atmospheric condition. Journal of Hazardous
Materials, 275:193—-199.

WHO.  2022.  Guidelines  for  Drinking-Water — Quality. 4"  ed.
https://www.who.int/publications/1/item/9789240045064

Winandar, H., I. Buchori, & S.B. Sasongko. 2016. Indeks kualitas air menggunakan
metode indeks pencemaran pada sungai siwaluh Kabupaten Karanganyar.
Jurnal Ekosains, 8(2):1-7.

Woodard, K. & J. Neustupa. 2016. Morphometric asymmetry of frustule outlines in
the pennate diatom Luticola poulickovae (Bacillariophyceae). Symmetry,
8(12):1-12.

Xiao, X., W. Li, M. Jin, L. Zhang, L. Qin, & W. Geng. 2023. Responses and
tolerance mechanism of microalgae to heavy metal stress: a review. Marine
Environmental Research, 183:1-10.

Xu, W., RM. Boyd, M.O. Tree, F. Samkari, & L. Zhao. 2019. Mitochondrial
transcription factor a promotes DNA strand cleavage at abasic sites. The
Proceeding of the National Academy of Science, 116(36):17792—17799.

Yadav, P., J. Singh, & V. Mishra. 2019. Biosorption-cum-bioaccumulation of heavy
metals from industrial effluent by brown algae: deep insight. Microbial
Genomics in Sustainable Agroecosystem, 1:249-270.

Yang, W., Z. Zheng, & L. Song. 2018. Temporal variations in a phytoplankton
community in a subtropical reservoir: an interplay of extrinsic and intrinsic
community effects. Science of the Total Environment, 612:720-727.

Yang, X., Y. Wei, Y. Su, Z. Zhang, X. Tang, Y. Chen, M. Yuan, & S. Yuan. 2025.
The strategies microalgae adopt to counteract the toxic effect of heavy
metals. Microorganisms, 13(5):1-17.

Yi, X., D. Lin, J. Li, J. Zeng, D. Wang, & F. Yang. 2021. Ecological treatment
technology for agricultural non-point source polltuion in remote rural areas
of China. Environment and Science Pollution Research, 28:40075-40087.

Yuan, Z., T. Luo, X. Liu, H. Hua, Y. Zhuang, X. Zhang, L. Zhang, Y. Zhang, W. Xu,
& J. Ren. 2019. Tracing anthropogenic cadmium emissions: from sources
to pollution. Science of the Total Environment, 676:87-96.

Yun, H., Y. Kim, & H. Yoon. 2020. Characterization of Chlorella sorokiniana and
Chlorella vulgaris fatty acid components under a wide range of light
intensity and growth temperature for their use as biological resources.
Heliyon, 6(7):1-9.

Zakrys, B., R. Milanowski, & A. Karnkowska. 2017. Evolutionary Origin of
Euglena. Gewerbestrasse: Springer Nature. DOI 10.1007/978-3-319-
54910-1.

Zeitoun, M.M. & E.E. Mehana. 2014. Impact of water pollution with heavy metals
on fish health: overview and updates. Global Veterinaria, 12(2):219-231.

Zeb, B., Z. Ping, Q. Mahmood, Q. Lin, A. Pervez, M. Irshad, M. Bilal, Z.A. Bhatti,
& S. Shaheen. 2016. Assessment of combined toxicity of heavy metals from

60

Efek Kombinasi Cu dan Cd pada Kerusakan DNA Chlorella sorokiniana Shihira & R.W.Krauss


https://www.who.int/publications/i/item/9789240045064

Natansa Adi Sukma, Prof. Dr. rer. nat. Andhika Puspito Nugroho, S.Si., M.Si.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

industrial wastewater on Photobacterium phosphoreum T3S. Applied Water
Science, 7(4):2043-2050.

Zha, X., P. Luo, W. Zhu, S. Wang, & Z. Wang. 2021. A bibliometric analysis of the
research on sponge city: current situation and future development direction.
Ecohydrology, 14(7):23-28.

Zhang, W., N.G.J. Tan, B. Fu, & S.F.Y. Li. 2015. Metallomics and NMR-based
metabolomics of Chlorella sp. reveal the synergistic role of copper and
cadmium in multi-metal toxicity and oxidative stress. Metallomics,
7(3):426-438.

Zhao, H., M. Hu, S. Zhu, W. Qin, G. Qiu, & J. Wang. 2015. Comparison of
electrochemical dissolution of chalcopyrite and bornite in acid culture
medium. Transaction of Nonferrous Metals Society of China, 25(1):303—
313.

Zhong, Y., Y. Su, D. Zhang, C. She, N. Chen, J. Chen, H. Yang, & B. Balaji-Prasath.
2022. The spatiotemporal variations in microalgae communities in vertical
waters of a subtropical reservoir. Journal of Environmental Management,
317:1-12.

Zoroddu, M.A., J. Aaseth, G. Crisponi, S. Medici, M. Peana, & V.M. Nurchi. 2019.
The essential metals for humans: a brief overview. Journal of Inorganic
Biochemistry, 195:120-129.

61

Efek Kombinasi Cu dan Cd pada Kerusakan DNA Chlorella sorokiniana Shihira & R.W.Krauss



