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Size-dependent Toxicity of Metal Oxide Particles on the Soil Microbial Community
and Growth of Zea Mays
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ABSTRACT : This study investigated soil microbial community and growth of Zea mays to compare the toxicity of nano and
micro-sized Cu and Zn oxide particles in microcosm system. In the presence of nanoparticles, biomass of Zea mays reduced by 30%
compared with micro-sized particles and inhibited growth. Dehydrogenase activity was inhibited by CuO nano although it was
increased by ZnO nano particles. According to the Biolog test, the microbial diversity was decreased after exposed to CuO
nanoparticles and ZnO microparticles. Therefore, though it is widely recognized that nanoparticles are more harmful than
microparticles, we can conclude that the diversity of microbial community does not always influenced by the size of particles of
nano and micro.
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2.1. &=

Ul 3719 micro 3719 CuO, ZnO Sigma Aldrich
Co.olA F943+%th CuO micro YAH= 2-3 ym= FH
WA o] 1.5 m?/gol™, CuO YU YAE 50 nm v|9h &
WAL 29 m?2/g o|t}, £33 ZnO micro YA+ 200 nm
oW ZnO Yk YA 50 nm 19, BHAL 10,8 m2/g
Hrt 324 vebgtt (Table 1), CuSO4, ZnSO4%
reference® Sigma Aldrich Co.olA 435t 2+ ¢
2L9] ¥ e+ Transmission Electron Microscopy
(TEM, JEOL 100 CX, Japan)2 & B}t (Fig. 1).
E AEe olgtojatdigta W OOA| oA AF ko] A
43l9on dYEE Sunshine mix 5 (USA)E U3t

Table 1. Characteristics of CuO micro, CuO nano particles
and ZnO micro, ZnO nano particles used for the
experiments

purity | surfacearea

particles description size

(%) (m?/g)
CuO micro| copper |l oxide 2-3 um 97.5% 1.5
CuO nano copper |l oxide, <50 nm _ 29

nanopowder, <50 nm

ZnO micro | zinc oxide 200 nm 99.0+ -

zinc oxide, <50
nm
Z % Al >
nO nano | 6% Al doped, (BET) 97 10.8
nanopowder,

* The data are provided by producer

of AT, S5 FAE TYsHet

2.2. Microcosm setup and sampling

EGS olgtofd) A ks AFst] 2 mm A=
3 Fo] GUES Aol BAA BT H8HA EH|jit
CuO micro, CuO Y% ZnO micro, ZnO Y= UA}
£ 1,000 mg/L8 =2 3} SFol 2AStY 25T
B3a)7] (100 W, 40 kHz)2 3087F BAMAA AH&351
th, B9 spatula® 1087 2 35T,

CuO micro, CuO Y A2} ZnO micro, ZnO Y
= YA 1,000 mg/kgd FEE 2 PA 7 B 75 g%
500 mL stericup filter system Jars (Millipore,
USA)UellAl 15687 25T, &% T0%7F F+A =+
growth roomol| A BjFAIZItt CuO, ZnO YA7F £
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2.4. Dehydrogenase activity &4

CaCO3 0.03 g& Y2 d+4E 15 mL test tube?
fresh E%¥ 3 g, 0.1% iodonitrotetrazolium (INT) —
chloride €9 0.5 mL, B4 1.5 mLS ¥ 24ToA
24A17F F3F % wieFet ¥ 50 mL 100% ethanol® 3
&5 495 nm I A INT-formazans H|AY A3t

o} 10)

2.5. 7|Z20|8 el

7]1- o] & H+= Biolog Ecoplate(Biolog, Hayward,
CA)E AHg3 A3+ tt. Biolog ecoplate:= 9671<]
well2 /g5 o] Z+2o] 31719 of& 7|83} control well
o] 37h4 HkEE o] Qlth EF 1 g& Biolog inoculating
buffer 10 mLof 41¢] vortexingdt ¥, SF+=2 50H] 3
Asto] Zu|gtet ZF ecoplated 9671 welloll 100 st E
F AgHS Yol 25TolA T2A17F Fet v FS =35k

o
t}. "ol B ecoplate® Microplate reader
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Fig. 1. TEM analysis of the nano— and micro—sized particles for primary size determination. The bars show the scale in
nanometers. (A : CuO micro, B : CuO nano, C : ZnO micro, D : ZnO nano)

(Multkskan Ascent, USA)E ©]83}4] 595 nmoA &
F=E SAotqet A A3 feS duplicate plate 23t
Akt T2 ecoplateol A A wM3}7L EA]

14& Hojslar, &t ecoplateo| AT A H3}7}t
YelgE 0,588 Folskal T ecoplateol Al A H3l7} Ut
EftR] grow Mg RoJsR] Qkoltt, Biolog ecoplate
= controld} 31709 ttE 714& X85}l ecoplate=

2ej 324744 7Hssiet,

fu

_1

i)
Hrz Jl

.6.
e é AA = FF+EZH A mean+SD)E EAFHS

o, BE FAEAYL Statistical Package for Social
Science Statistical Software(SPSS 14.0, USA)E ©]

Table 2. Seedling biomass of Zea mays exposed to CuO
and ZnO particles

Treatment Biomass (fresh weight, g)
Control 1.2+£0.2 2

CuO micro 1.1+0.03 @

CuO nano 0.8+0.1 b

Zn0O micro 1.1+0.03 @

Zn0 nano 0.87+0.15 b

The different small letters stand for statistical significance at
the 0.05 level with the Tukey's test
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Table 3. Soil dehydrogenase activity (DHA) under treatments
of CuO and ZnO nano and microparticles

Treatment DHA (g /9)
Control 46.24+2 .49 a
CuO micro 30.99+5.81 a
CuO nano 8.10+£0.01 b
Zn0O micro 78.52+3.32 ¢
ZnO nano 151.88+2.49 d

The different small letters stand for statistical significance at
the 0.05 level with the Tukey's test

&otelct. At avHEAS ANOVA test® Hlal &

A & Tukey s test@ AFE HAAFIF T}
3. dnt u =t

3.1. Metal oxide 2xte| EX
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ES Ad27] (<8 days)ole micro YAHETE WErta
ik,

H
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3.2. 2**0' A'lXP

29 biomasse HWe 7] A2l A dijzAof H]sf
oA AdfEE A= UEEt (Table 2). 184
metal oxide 7F2] 99z 0] 2ol YeRtA] ¢kokth CuO
Ul ol =2d 4429 biomasse 0.8+0.1 g, ZnO
U Yo =& 2429 biomasstE 0.87+0.15 g&2
UeRFtHTable 2). 234 CuO, ZnO microof =&d 2=
9] biomass+= controlol BJ3] F42|Q1 2o]7} LYERHA]
ATk U= YA S RS ARt 2 A Ak
Ling and Xing © 9] dF-)A Zn Yl YA} ZnO U= ¢
A7} Sapa=o] dhote} QS Asfit Autel dAste Alw

Uektet,

Fig. 2. Biolog score of the soil incubated with and without
nanoparticles as measured using Biolog Ecoplates.

3.3. Dehydrogenase activity

E udEo] digh dubel a4agdEE Y=
g2 % (Dehydrogenase activity, DHA)S &%
gt Z¥}= Table 31 2t} CuO Ule YAtoA] B4aa
AT P @ Ao 2 YUY CuO U YAE
AR JA 5 7HE 2A v E S AdiA= Aem
vebgth, B ZnO Y=, micro °‘7\}°ﬂH—L— N I
Q=7 F7behe AL Uyt 23 H Zng
Edel A == AR A7t B¢ B Hean
& SYe7t F7bel7|E gttt Kizilkayal? & Zn< 0,
50, 100, 250, 500 mg/kgO.2 H7}otT St it

AEE 243 23 250 mg/kge H71¥S W control
of H|a| EdrihaiTAETL 2 58 FUtelE Jlog Bl
=

3.4. 7|20|8 mE

CuO, ZnO YA A7|ME BiologE ©o| &3l 71dol&
Y-S £A435 A3tk= Fig, 29 2ot 219 Yebd Bt
Zol CuO Uk SUAF Al BEokolA 7 WA Yee
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4. 2 E

£ E9F microcosm A8 A= oh33f

1) 249 biomasst CuO HYix, ZnO Y= YA} A2+
of| Al thzTto] 8| oF 30% A== Ao g Uehgth
2) B9 dehydrgenase activity: CuO Wle AAIA =
controlol Bls} Fto; ZnO YAFA= A Uet

sk,

3) Biolog test ¥ CuO W= YAfolA= 371x] 7145k
o]-&-3h=
B ila g

4) CuO U= YApollA B nlE Aol HashA|ut
7n0 YA A= S8R metal oxide?] Ui YA}
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