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Toxicity Assessment of Nanopariticles Based on Seed
Germination and Germination Index
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Abstract : Nanomaterials have been widely used in many fields. This study investigates the effects of metal oxide nanoparticles
(CuO, NiO, TiO,, Fe;03;, Co304, ZnO) on germination and germination index (G.l.) of seeds, Lactuca and Raphanus. Under
aqueous exposure, CuO on Lactuca shows the most significant impacts on activities compared to others, showing ECses for
germination and G.I. as 0.46 mg/L and 0.37%, respectively. The effects of nanoparticle phytotoxicity on seed Lactuca was much
higher than that of Raphanus. In general, the toxicities on seed germination and germination index were as following orders : CuO >
Zn0 > NiO >> TiO,, Fe;03, Co304. No measurable inhibition was observed at 1,000 mg/L (maximum exposure concentration) of
TiO,, FexO3, Co304.
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Lactuca sativa L.
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£ Apgsto] AW SAsech Notel 27l die ohe
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APE AL 3% BASeAR BHS ARSI 7
2z W A F AgSHch HE2] H4100 % 15 mm) U]
9] filter paper No. 2 (Advantec, Korea)o] Ao]gt H=9] A
2 5 mL(UZER2 5 mL Bd)et A A 2sk Aok 2071&
49 et gow westel 23T gaol wrshgict
(Fig. ). WE AFE 38) v Sastaick wob 4e 39

Seeds were
surface-sterilized in 3%
H20, for 10 min and rinsed
3 times with distilled water

NPs in solution were
dispersed by ultrasonic
vibration for 30 min
prior to use

1

Filter paper was placed in a Petri dish and moistened
with 5 mL of aqueous solution (distilled water for control)
containing NPs

1

Twenty seeds were placed in each plate, which was
covered with a lid and wrapped by parafilm

1

Incubate experimental sets (23C, dark, 3 days)

1

Germination was counted and root length was measured
(extension of both the plumule and radical to longer than
2 cm from their junctions was considered to be germination)

Fig. 1. Protocol for the seed germination bioassay.
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Lactuca Raphanus

Fig. 2. Pictures of orignal seeds arrayed on Petri-dish and germinated seeds.

CHEtEIA Befa|R| | 36 M65] 2014 68 |

397



398 ,

J. Kor. Soc. Environ. Eng.
=2 - 32E

o] 2017} 2 em o)At AT A& wol Ao

o] ok Q4] KISt Ao} F Aol B ARE
(Fig. 2). Y=4A7} Lactuca, Raphanus A St o}
of mAe FFE et Hlwgh WEs-S 0]-85ke] ECx
o= e, o2 B7h Al wopx| S(germination
index, GI)i= APt wol-&a} We] Aago] A3k} kel
Aoz Hrishgih

f

~

G.I _ (Relative seed germination) x (Relative root elongation) )
(%) 100

3. Zn Y o

i

0!

M 7|-

o
=0 HelolA U
ASISAEE! 2 Lhie
QA 8 RAF % WOl b3t 2ok CuO (0~15 mgll),
NiO (0~30 mg/L), ZnO (0~30 mg/L), 1,000 mg/L Fe,Os,
C0304, TiO2. 7|2 ZAFOA Fey0;, Co304, TiOr U=YA}
of o3t F7F2 mmstg71ol 1,000 mg/Lof| s ARt ZAf
sheleh. b alzpol o3t G KISt ot ECy groll A
alo] w3}t Lactuca, Raphanus NSt i FE24 02
e At CuO, ZnO, NiOo] tisfA = F-313t ol oA
g UehSth i2A o= Fe0:9 TiO= Aot F+ &
Lot =AF Ho = 1,000 mg/L 2o A] oo
gt GRS WS 5 QUATKFig. 3). L2y A St Raphanus
= &9 Lactuca+= 1,000 mg/L Cos04 &= =] 2F 63%
(7% 1)) Wolg-& ek, CuO, ZnO, Nioo] el
HE A H 0w 5o ok ol Jea Uehgich. et
X M3k FFol el Aolat ol aHE 4 IS el
speact.

Uil 5ol weh chabe Wslel @ee ekl
CuO, ZnO, NiO §J#+e] K|St Lactucaol] tHgt ECs02] ¢
= 0.4~20 mg/LF S Raphanus A Sr2 -9 ECso0] 25~

3.1. MOt grotoll 2743t Lhz iRt
My Aol DAzt AT v
QA7 Mbole] AL G

.

(o]

ot

(@)

120 7

y
100 ¢ T

—e— ZnO
—Oo— NiO
—v— CuO
—&— Fe203
—a— Ti02
—0— Co304

@
o
L

1

(2]
o
L

EN
o

Relative germination (%)

N
o
L

0 [
T T * Y T
0 10 20 30 40 1000

Concentration (mg/L)

115 mg/L 89 & eIt Lactuca®l B3| Raphanus
O] =&kl gk ECso 42 CuO 58, ZnO 4uf, 17
I NIO 78 =2 gt & 22 Aot Wof o] wEE ok
A W AF @ Holl thsll Lactuca ASko] Raphanus M St
Hep w9 52 UH=(FH) LA=T Aol vi= A}
ol UetdS & 4 Utk Aot TRE Y odE
g3k 97 2pol= thFet also] Bold 4= AR,
8] A 7], & #HA Zo|7t F=a A9l T e
ojth. &3l CuO7} o2 U= Q) Aof ulsf -9 &2 o
Al G HeERglen, s 59 A HedA SollA +
HA R 22 =4S Yehd ZnOof| Y5 CuO P2 Lactuca
A S 234, Raphanus+= 1.78} 2 ECso(3> 'Hol oA
PP a= et dek(Table 1). 212y Wledxbo] gt =
A(mg/L ECs0)> F+ Aot & K7 H|Swt oAz WL
t}. EAEE Lactuca2 CuO (0.46) >>ZnO (10.84) > NiO
(17.17) > Co304 > TiO; > Fe,0s3, Raphanus+ CuO (26.84) >
ZnO (46.54) > NiO (114.2) > C0304, Fe,0s, TiO, 0.8 A} %]
ek mheiA] % Mool ohet Aol TAT U, AU B
74 SislAke Aot B0l wel Alold e 9 A@F A
Sol i 814 W BAo] WRTE & 4 AUk

—_-

e,
IR N [ Qe

Table 1. Effects of NPs on the seeds (Lactuca, Raphanus) ger-
mination and G|

ECso (mg/L) ECso of G.I (%)
Lactuca Rapharnus Lactuca Raphanus

cuo 0.46 26.8 0.37 98

(0.40~053f (22.84~3154) (0.33-041) (7.56~12.62)
210 10.8 465 103 227

(8.68~13.54) (39.08~5542) (8.86~12.08) (19.17~26.84)
NIO 17.2 1142 16.4 67 1

(16.29~18.10) (98.87~131,93) (15.65~17.20) (51.49~87 57)
F9203
Cos04 ) 1,000 » 1,000 » 1,000 » 1,000
TiO,

Walue is the range of the 95% confidence level (low limit~high limit).
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Fig. 3. Effects of NPs on the relative germination (%) of (a) Lactuca and (b) Raphanus.
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Fig. 4. Effects of NPs on the G| of the (a) Lactuca and (b) Raphanus.
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