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Trend of Multigenerational Transfer and Toxicity Studies Using Nanomaterials
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Abstract : Nano-saftey has become an emerging issue recently, because of the broad use of nanomaterials in nano-industries and
commercial areas. For a sustainable development in the nano-industry, active studies on nano-safety should be executed, especially
on the potential risks in engineered nanomaterials (ENMs). Although acute and chronic assessments of nanomaterials have been
extensively studied in many studies, multigenerational studies are very scarce. Overall, multigenerational studies have progressed
as two different trends, studying post-generational effects or trans-generation effects. This study intended to suggest further nano-
safety studies based on the trends and limitations of current ones. Through a comparative analysis, we investigated peer-reviewed
multigenerational studies that used nanomaterials. Thirteen studies on post-generation effects confirmed generational nano-toxicity
via several bioassays, such as mortality, fertility, and behavioral assays. Seven studies on trans-generation effects demonstrated
nanomaterial pathways to next generations, using imaging techniques. Until now, mechanisms for post-generational nano-toxicity has
been rarely proposed. Thus, we propose that complementary studies on such mechanisms are imperative for future studies.
Key Words : Multi-generational Study, Postgenerational Effect, Generational Transfer, Nanomaterial
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Wlemdo] SAIY J3F A= 2011 d5E 2014 714]
13H9] o3t7} ZAFEQlA, C-60, CNT, QDs, Ag, Au, TiO,,
Ce0,718]3L ZnO NPso|| t3t HL7} 23y i ch(Table 1).
of g AtollA thekdt A= AAETS ol &-5te] ThAl
Qe Brkstdon, 1 5 2u5 g 08T A7} 4
Ao 2 1A vk, EoFx221 Caenorhabditis eleganszo~22)
2 olgat Al 37, EukE? ol guPiel 2o Mg
& olga Aol 2, WA G olgT A7} 24, v}
Ao 2wl 7to| £3)= Drosophila melanogastermi} L=
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2144 24U b2 SAY 9F Aol A
2o 2011 Kumar et al.o] U2 Escherichia coli™%}
Salmonella t)/phimurium26)—% 0|83} Ui=EZR o] AthA o]
549 A7a Aolth AMAOR E colit AE HAL
slo] MA®3}R] 9, Kumar et al™®& E. coli strain K125
ZnO%} TiOyol =% 3t F, 7423 wiRlo] k&% E colis
AEAAIA gt AE ths At 2 {Hsto] At o]

Table 1. Studies of post-generational effect using various biota exposed to nanomaterials

Year Test species Nano g EXPOSUIE Conc? Toxicity value it Cene- Effects Refer-
materials pattern ration ence
Nano MWCNT LOEC: 10 Negative effects of mortality,

2014 Daphnia magna Liquid  Maternal 50

carbon

2014 Funaulus heteroclitus QDs  Liquid Maternal 10

Lifespan LOEC: 100
Broodsize LOEC: 100 mg/L F3

2014 Caenorhabditis elegans  AgNPs  Agar Continuous 2

C60-BCD LOEC: 10 mg/L F2
C60-malonate LOEC: 5

—_

reproduction and growth 8

- ug/fish F1  Decrease embryo deformities  27)

Negative effects of lifespan,
reproduction, growth and 20)

Lenght LOEC: 100 locomotion
2014 Arabidopsis thaliana AgNPs  Soil Continuous 75 - ug/L F3 decrease of germination 24)
) ) _— ) NOEC: 2 Negative effects of mortality,
2014 Daphnia magna TiO,NPs Liquid Continuous 6 LOEC: 5 mg/L F5 reproduction and growth 17)
) Continuous,
) CeO,  Filter '
2013 Solanum lycopersicum maternal, 10 - mg/L F1 Decrease of Biomass at F1 23)
NPs  paper )
single
2013 Caenorhabdiitis elegans  AuNPs  Agar  Maternal 50 x 10" Reproduction LOEC: 5 particles/mL  F4  Decrease of reproduction at F2  21)
Daphnia magna, ) D. magna ECsy: 121 ) )
2013 Daphnia pulex, AgNPs  Liquid Cf:;'{;fr?;s 345 D pulexECs: 895 w4 Negaz‘r’]z f:ef;sjs;gﬁﬁa"ty 18)
Daphnia galeata D, galeataECso: 139 P
2012 Daphnia magna TiO2 NPs Liquid Continuous 2 - mg/L F1 Decrease of sensitivity 19)
Negative effects of lifespan,
2013 Caenorhabditis elegans ~ QDs  Agar Continuous 50 - uM F3 reproduction, growth and 22)
locomotion
Escherichia coli strain Zn0, - .
2011 K12 substrain DH10B  TiOs NPs, Liquid  Maternal 80 - mg/L - Granularity 25)
Salmonella typhimurium, — ZnO, - .
2011 Escherichia coll Ti0 NPs, Liquid Maternal 80 mg/L Granularity 26)
) .. Continuous, )
2011 Drosophila melanogaster Ag NPs  Liquid maternal 5 ECso: 20 mg/L F8 Decrease of reproduction 29)

9 Highest exposure concentration in the study
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dolgo] iR thH] <k 70% fFo 2 AaESS 3 nanoplatelets(GNP), Quantum dots(QDs) 18|31 Silica NPs

Table 2. Studies of trans-generation using various biota exposed to nanomaterials

. . Exposure Exposure Genera- Transfer Refer-
Year Test species Materials . ) Instrument analyses
concentration type tion FO F1 ence
2014 Caenorhabaditis elegans Silica NPs 2.5 mg/mL Uptake F1 Vulva Embryo Confocgl laser scanning 36)
microscope
d)
2013 Caenorhabditis elegans FND? 3 mg/mL Injection F1 Gonad  Embryo FLIM®, Cor.n‘ocal 35)
fluorescence microscopy
2012 Caenorhabaitis elegans GNP 50, 100, 250 ug/mL  Uptake F1 Intestine  Embryo FTIRY 35)
2011 Caenorhabditis elegans ~ QDs” 20, 200 nM Uptake F1 Intestine  Embryo W-XANES', 34)
& ' P v W-SRXRF mapping?
PVPS : 50 mg/L
2010 Caenorhabditis elegans  AgNPs  PVPL: 10417 mg/L  Uptake F1 Intestine  Embryo HIS” 33)
CIT10 : 54 mg/L
2010 Caenorhabdiitis elegans FND? 0.5 mg/mL Injection F1 Gonad  Embryo Fluorescence microscopy — 31)
. Carbon 20, 40, 80, - Steam, d) i )
2009 Oryza sativa NPs 400, 800 mg/L Liquid F1 root, leaf Leaf FTIR™ SEM” /TEM 30)

¥Fluorescent nanodiamond, “Graphitenanoplatelets, “Quantumdots, “Fluorescence lifetime imaging microscopy, ®Fourier transform infrared
spectroscopy, microbeam X-ray absorbance near edge structure, IMicrobeam synchrotron radiation X-ray fluorescence mapping, h>CytoViva—
Hyperspectral imaging system, 'Scanning electron microscopy, Mransmission electron microscopy

ging 9
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Fig 1. Schematic expression for the fate of nanoparticles in hermaphrodite C. elegans embryos via three types of pathway that were

reported in the previous studies *'~*”
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