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Research Trend of Trophic Transfer of Nanoparticles in Aquatic Ecosystems. Lee, Woo-Mi
and Youn-Joo An* (Department of Environmental Science, Konkuk University, Seoul 143-
701, Korea)

With its recent advances, nanotechnology is now being applied to various areas. De-
spite the benefits of nanoparticles, their risk in the environment has caused contro-
versy, which is now becoming an international issue. Nanoparticles can easily infil-
trate into cells, accumulate in biota, and may cause adverse effects in the levels of
molecules, cells and organisms, and in the community. If nanoparticles are released
into the environment, they can be transferred to organisms in the ecosystem, and
eventually to the human body through the food chain. In this study, the research
trend of the trophic transfer of nanoparticles in the food chain was investigated.
Although a few investigations have been conducted regarding this topic, the trophic
transfer of nanoparticles is becoming a significant issue in the area of nanotoxicol-
ogy due to the potential risk to humans via the biomagnification process. While pre-
vious studies have demonstrated evidence of the trophic transfer of nanoparticles
intensive future studies are needed to provide further information on the properties
of nanomaterials, the exposure media, and the in vivo mechanisms such as uptake,
accumulation, and depuration.
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Fig. 1. National Technology Roadmap: Nanobio safety, Effect assessment, and Standardization technology (MEST, 2008).
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Table 1. Studies on food transfer of nanomaterials.

Test NPs Test species Country Reference
Carboxylated and biotinylated E. coli, T. pyriformis, B. calyciflorus USA Holbrook et al. 2008
guantum dot
Carboxyl QD P. subcapitata, C. dubia USA Bouldin et al., 2008
Amine-coated AUNP S. subspicatus, C. fluminea France Renault et al., 2008
Au nanorod Estuarine mesocosms USA Ferry et al., 2009
TiO,NP D. magna, D. rerio USA & China Zhu et al., 2010
CdSe QD P. aeruginosa, T. thermophila USA Werlin et al., 2011
Tannic acid-coated AuUNP Nicotiana tabacum, Manduca sexta USA Judy et al., 2011
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Fig. 2. Food chain composition in the previous studies regarding the trophic transfer of nanoparticles.
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Table 2. International research projects of nanoparticles in the environment.

. . . . . Research
Institute (Country) Title (Project period) Funding source category
Georgia University The Bioavailability, Toxicity, and Trophic Transfer of Trophic
Kentucky University Manufactured ZnO Nanoparticles: A View from the Bottom US EPA tranpsfer
(UsA) (2005 ~ 2008)

Celmon University Influence of Water Quality on the Bioavailability and Food US EPA Trophic

(USA) Chain Transport of Carbon Nanoparticles (2007 ~2010) transfer

Georaia Universit The Fate and Effects of Nanosized Metal Particles along Trophic

(USA?) y a Simulated Terrestrial Food Chain Investigated Using US EPA tranpsfer
Genomic and Microscpectroscopic Techniques (2007 ~2010)

CEMAGREF Trophic Transfer of Nanomaterials and Biological Effect ANSES Trophic

(France) on Freshwater Organisms (2010~ 2013) transfer

Rice Univ. (USA) Microbial Impacts of Engineered Nanoparticles (2005~ 2008) US EPA Ecology

Florida Univ. Assessing the Environmental Impacts of Nanotechnology

(USA) on Organisms and Ecosystems (2005~ 2008) US EPA Ecology

?(IJE;,:? McGill Univ. Nanoparticle Toxicity in Zebrafish (2006 ~2009) US EPA Ecology

Missouri Univ. Aguatic Toxicity of Carbon-Based Nanomaterials at

(USA) Sediment-Water Interfaces (2007 ~2010) US EPA Ecology

Tennessee Univ. Ecotoxicology of Underivatized Fullerenes (C60) in Fish

(USA) (2007~ 2010) US EPA Ecology

Rice Univ. (USA) Effects of Quantum Dot on Microbial Communities US EPA Ecology

(2008~ 2011)
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Table 2. Continued.

Institute (Country)

Title (Project period)

Funding source

Research
category

Technical Univ.
(Denmark)

Technical Univ.
(Denmark)

Laboratory of
Environmental
Toxicology and
Aquatic Ecology
(Belgium)

Frauenhofer Institute
for Molecular Biology

Fraunhofer Institute
Molecular Biology
and Applied Ecology

McGill University
(Canada)

NERC (UK)

NERC (UK)

Tel Aviv Univ. (Israel)

Consiglio Nazionale
Delle Ricerche (Italy)

Consiglio Nazionale
Delle Ricerche (Italy)

Dublin Univ. (Ireland)

NERC (UK)

NAPIER Univ. (UK)

Ekotek Ingenieri Y
Consultoria
Medioambiental
(Spain)

Agencia Estaltal
Consejo Superior De
Investigaciones
Cientificas (Spain)

Framework Development for Adaptive Environmental
Risk Assessment and Uncertainty Analysis for
Nanomaterials (2007 ~2010)

Environmental Effects of Engineered Nanoparticles
(2007 ~2010)

In vitro and in vivo Evaluation of the Ecotoxicity of
Nanoparticles (2006 ~2010)

Investigation of Two Wildly used Nanomaterials
(Titanium dioxide and Silver) in Standardized
Ecotoxicological Tests (2009~2011)

Investigation of Ecotoxicological Long-term Effects of
Selected Nanomaterials-Adaptation of Standardized
Ecotoxicity Tests (2009 ~2012)

Tools to Measure and Model the Transport,
Transformations and Toxicity of Engineered
Nanoparticles in Terrestrial Ecosystems (2007 ~2010)

Research to establish the mechanisms of toxicity,
toxicokinetics and in vivo effects of nanoparticles to key
ecological groups (including invertebrates, vertebrates
(e.g. fish) and plants)

Define endpoints to be measured in ecotoxicological studies
and assess how fit for purpose current standard tests for
persistence, bioaccumulation and toxicity are when
considering nanoparticles

Nano Health-Environment Commented Database (NHECD)
(2008~ 2012)

Development of an integrated platform for nanoparticle
analysis to verify their possible toxicity and the eco-toxicity
(2007 ~2010)

Setting up Research Intensive Clusters across the EU on
Characterization of Polymer Nanostructures (2008 ~2011)

A Pan-European Infrastructure for Quality in
Nanomaterials Safety Testing (2011 ~2015)

Nanoparticle Fate Assessment and Toxicity in the
Environment (2010~ 2014)

Engineered Nanoparticles: Review of Health and
Environmental Safety (ENRHES) (2008 ~2009)

Nanomaterials-related Environmental Pollution and Health
Hazards throughout their Life-cycle (2009 ~2012)

Novel Sunlight-active Nanoarquitectures for Environmental
and Human Health Protection Studied with a New
Multi-Technique Methodology at Operando Conditions
(2010~2012)

Technical Univ.

Technical Univ.

IWT Flanders

Federal Minstry for
the Environment,
Nature Conversation
and Nuclear Safety

Federal Minstry for
the Environment,
Nature Conversation
and Nuclear Safety

NSERC

EU FP-7

EU FP-6

EU FP-7

EU FP-7

EU FP-7

EU FP-7

EU FP-7

EU FP-7

Ecology

Ecology

Ecology

Ecology

Ecology

Ecology

Environment

Ecology

Environment

Environment

Environment

Environment

Fate

Environment

Environment

Environment
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Table 12 =2jo|A ¢kw = Ha 23l gE) a Simulated Terrestrial Food Chain using Genomic and
=4 9 Y BA ofokeld Ao HaahA] o)t} o] 2 Microspectroscopic Techniques'= SAFJE]A] 2 oA}
= el BAATE) A4 D Aol Az AelE Ao sw ok &4 A AYel
Qirh v Y EBA O] Ho|xleAe] A= 47 A (Eisenia fetida) 2} 3}47l 2] (Rana catesheiana)Z A}
=2 v]$ RZEsE AR o]t} (Table 2). © 2 3}o] CuNP, AgNP, AuNP2] A Eo]8A, 54 58
Savannah River Ecology Lab. ] 37]9] 7] (Kentucky H7kskn 544 (genomic) W Au| A7) &S o] L3le] 1}
Univ., Datmouth College, Georgia Univ.)ellA] 4313} 1 B o] AE RExofy W MEzed Hris veu
9] ‘The Bioavailability, Toxicity, and Trophic Transfer et o] AT st 23719] #AY AFAHE RSk
of Manufactured ZnO Nanoparticles: A view from the FHF7 A pFel He|xEAH o] A4+ ANSES
bottom’-2 =¢Fute|g]o}el Burkholderia cepacia®} A& (National Social Security Administration)oj|A] =]1&}32
Caenorhabditis elegans®] ZnONP2] AJE-o] L&Al 4l =4 CEMAGREF (Public Scientific and Technological Insti-
< ety o] T AEA| 7S] JxEAL AHol= ) tute in France)dl] 2]&l 43132 9= ‘Trophic Transfer
3= 7lo] EA o]t} ‘Influence of Water Quality on the of Nanomaterials and Biological Effect on Freshwater
Bioavailability and Food Chain Transport of Carbon Organisms (TRONANO)' o] it} o] AFHA|ME o
Nanoparticle’2- Celmon Universityel 2] 43} 1 3]t} ¥ AES Aoz 82 (CeO,NP, TiO,NP, AUNP)
SaA el 4alel BYsed 54 (Nawral o o8 ), Az e wee srkaa 4
Organic Matter, pH, lonic Strength)el] w2 oF4A =l A HolAt&A o] & Hrle e s EHo= dlx vk
ole] W2 4A]A)E-(Algal-Daphnia-Fathead Minnow)s| )
AL (RIS, Holedelde A 2o TR
A dgoz 31 o 9 F A A= FA4 A7 2ol ME Yargae] Aaent ohe Te)
dAe] HolleAlols Bhim glov] The Bioavailabi- & =Aedgg A A7sw Y Aot FHe A
lity, Toxicity, and Trophic Transfer of Manufactured ZnO < F2 UxaAe A7 9 A E3} 7)Ete =
Nanoparticles: A view from the bottom’'e] 7% &z} 25 Ale =3 gich ZWoAE AR -3 7] <s)ut
As) BRAQTHA A, =F R FABHE A AT Fe) 2R APd AR el A
9}, Georgia Universityol| 4] $=33}32 )&= ‘The Fate Y8zt gk QA ST S8E 2 9 Syt
and Effects of Nanosized Metal Particles Examined Along 2 (3 BR/=g3 7478 FIE= OECD Sponsorship

Table 3. Examples of Korean research projects of nanoparticles in an ecosystem.

Research

Institute Title (Project period) Funding source
category

Trophic Transfer of Gold Nanoparticles in Ecosystem National Research Trophic

Konkuk Univ. (2005~ 2008) Foundation (NRF), transfer
Korea

Chonnam National Development of Isotope Labeling Nanoparticles and their NRE Trophic

Univ. Fate and Effect in Water Environment (2009 ~2015) transfer

Seoul National Univ Phototoxicity of Fullerene to Freshwater Macroinvertebrates B Ecolo
" (2006~ 2007) 9y

National Institute
Environmental
Research (NIER)

Development of Test Methods and a Database for Risk

. NIER Ecol
Assessment of Manufactured Nanomaterials (2007 ~2008) cology

Use of Toxicogenomics for Toxicity Evaluation of Nanoparticles Ministry of

Korea Univ. with S. cerevisiae and Japanese Medaka (2007 ~2009) Environment Ecology
. Ecotoxicity Change of Photoreactive Nanoparticles Exposed to

Konkuk Univ. Sunlight (2009~ 2012) NRF, Korea Ecology

NIER Production of Toxicity Data for Silver Nanoparticles (2009) NIER -
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