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Abstract

This study was carried out to compare the toxicity of nano and micrometer particles with Cu and Zn on soil microbial
community and metal uptake of buck wheat. In microcosm system, soil was incubated for 14 days after soil aliquots were
artificially contaminated with 1,000 mg/kg Cu, Zn nano and micro particles, respectively. After then, buck wheat was planted
in incubating soils and non incubating soils. After 14 days, we compared bioaccumulation of metal, and microbial carbon
substrate utilization patterns between incubating soils and non-incubating soils. The enrichment factor (EF) values of
incubating samples were greater than non-incubating soils. Dehydrogenase activity had been inhibited by Cu and Zn
nanoparticles in non-incubating soil, as well as it had been inhibited by Zn micro particles in incubating soils. Results of
biolog test, it was not significant different between nano particles and micro particles. It cannot be generalized that
nanoparticles of metal are always more toxic to soil microbial activity and diversity than micrometer-sized particles and the
toxicity needs to be assessed on a case-by-case basis.

Key Words : Nano particles, Soil microbial community, Buck wheat, Cu, Zn
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O] Bt HEEd, A= wAkeRe] vttt 7] 59 &
A& 7HA AL ek webA dut R 2o m]A|
= Il o AT g o' W e YAke] 9
ol TaljAl= Ao A UAA et 5, 2008).
TRER e 7)4e] 24 7Rt BERS 95 U
Aol AR S e HAleks RS ol Fas)
o, U glafol gt 54 Qe Rstel 53] fo]
e gatel gzl 270 e A 475
v A QT Ao Raalry

22 dato] e, 3ia) 27l0) Ue AEs
4 A2 Al WHedRK13 nm) 7} B4kl F-25
& v 944 0], B Wil o) W) RS
Aafjgt= B 17} QltkYang 5, 2006). V=27t
dhe|gofo] X HFZE= ron, Cu YeQA7}
peroxide 2} HF-3-3) radical S Ao ZH u| Y&
7Rt 5AS vebdekar 2arg B QltK(Franklin 5,
2007). E3F ZnO YA’} Escherichia coli®}
Bacillus 5 ure2lobe] 443} 238 Asfatehs 5
1% It Zhang 5, 2007).

ZLeju ol2fgt A+t Ak Tes] 4
o] SAH7IA Holal BQF HoflA 4
o] 5457t A= A9l gick(Shahat
2009; Tong -5, 2007).

e IRFe] Aef=/deta g3 ¢
el A= Addzdo] A3t SAsoF 3 a vt
AUtk WepA 2 Aol A= ntol AR ES o83,
Cu, Zn9] =} =7]0] 2 w2 2] enrichment factor
(ER)S} 048 245, /)7 ol $58 olgajA Eo
oA Al vl AeRe BAssc

3} ulaye
3} vl

elozerova,

il w Ml
iy
e o2

3}7]

- e - oll%

2. Tz 2w

2.1, ANz

A2t 2} ESkS-2 mm A2 2| B JOFE (Sunshine
mix 5)2}10 : 1 (ww)Hl&= 4]o] 2] Bt
AFSHA| BE= 3 ARE-SHIEWei -5, 2009). Cu U=
4}, Cu B}OZLE 81, Zn Lpeelah Zn ufo 212814}
LI sigmaol| A F1918}9. 0w 7)== Table 131} Zth

22 EY 0jo|323E MY Z=H| L A= RF

Cu L=l Cu ol 22¢J749} Zn =gl o
Zn ulo] &2 AE 1,000 mg/kg A EoFol| H7}sto]
127 Ack 500 mL  stericup filter system
jars(Millipore, USA)of| 2 AAIZ] B 110 g& ¢
2 B 25T, FE 50£5%7} A E s wjoFAlof A 14
2 5ok vjashih Cu Lreglaie} Zn Lhmgias 3
2} Z87)0 o] 2gul B3l7] (100 W, 40 kHz,
SH-2140, AJotz-S1}At, Korea)= 308E7F EALA|
A ARSI Stericup ] S SFTE A6
AP SABIAT ABE Ik R Sk
14A47F o AT B (day 14)3 H{FAIZIA] 42 &
oF (day 0)% Zk2} pot T 50 g#& o] 25T, <&
50:5%7F A ool d AEAE 14207}
e sFACE. Pot G wE-E 3714 AlRfEECm 3RE
Boz Ags Saskirt (n=9). A3 Aol <3
97 A= 5 B Hokgo] 90% o]/l

XA

Table 1. Characteristics of nano Cu, micro Cu, nano Zn and micro Zn particles use for the experiments

Particles Description Size Purity (%)
Nano Cu Copper,
<
nanopowder, <50 nm (TEM) S0 nm 998
Micro Cu Copper, powder, dendritic, 3 micron 3 micron 99.7
Nano Z . .
ano £n Zinc, nanopowder, <50nm, 99+% metals basis <50 nm 99+
Micro Zn Zinc, dust, <10 micron <10 micron >98

According to the manufacturer Sigma-Aldrich
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RS L2 60T Ax7|oA o] & w7ix] Hx
St AZXE WY S5-H 0.5 gof 37% HNO; 5 mL<&
7V} microwaveol| A E3[A17] 3 10 mLZ 3|45}
] Flame-AASE o] §3}0] elo} ollo] 5wg
HalAry, Zad BA upHol ATl oRo]
NIES(National Institute for Environmental Studies)
01]/‘1 3% 3EEEZ2] No.10-c(Rice Flour)2] £-4]

53l Slsleict. £el & Fa FEEAS 9
OH H_I_EOJ 0.5 goll aqua regia (65% HCI 1.8 mL +
37% HNO; 0.6 mL) 2.4 mL2- 7}8F & 7hdato] A=
= Al BE)i51o], =54 10 mL=E 3]418}31 Whatman
filter paper No.442 I3}y o] A=RE
Flame-AAS(AAS analysis 100, Perkin elmer,
Germany)E- ©]-85}o] Cu®t Zn o] 5=5 57453tk
A EAQ} BEoFo] FH<4 59 H|E enrichment
factor(EF) 2 YEM It Wei 5, 2009).

2.4. Dehydrogenase activity (DHA) 241

CaCO; 0.03 g2 -2 Hat5 15 mL test tube]
fresh E9F 3 g, 0.1% iodonitrotetrazolium (INT)
-chloride &0 1 mL, ¥+ 1.5 mLS ¥7lstar 3
7TCoAA 24 A17F v SFGITE. vieFo] Bt Al=ofl o
& 5 mLE WAL wiksto] WhAS pHEkshar, 4Fel
= 50 mL Al@eof| ofupAl7] =t BAlo] Al uf
7HA] 91 & REESIGITE HAE Al E= spectro-
photometer (DR/3000 Spectrophotometer, HACH,
USA)E o]-835}4] 495 nmof| 4] =51 tH(Trever 5,
1982).

2.5. 7|x| 0|9-E I=lk|

Ecoplate= 967112 microwell 2 <14 F o] Ql=d],
Z¥71o] wello] 317]19] A2 o= e4YT} control
wello] 3714w Elojglck, Z7he] =9k 1 g %R
Z=10 mLoJ| 4]0} 200 rpm © 2 1057+ Wyt & Eco
plate (Biolog, USA)2] Z} wello]l 100 ul¥] E9F HEr
NS G dek 2L 25 Cofl A T2A17F 59t vl ofet &
Microplate reader (Multkskan Ascent, Thermo
Labsystems, Finland)& ©]8-3] 595 nmoj4] 4=
= 251900}, - Azl welle] B A e A
¢l average well colour development (AWCD)ZF2 ¢t}

23} o] Atk

AWCD = 3(C-R)/n

C = Z} well 2] ODsosom %%

R = Control well 2] ODsosum 4
- 7)) 4

L B Ezeaz Yehsich 57
student T-test®} one-way ANOVAE o]-8-3}
95% 0]z (p<0.05)0ll 4] E-A s} mE

Aol SPSS (Statistical Package for Social

Smence Statistical Software, 17.0) T2 132 A&

e

YRS 544 A EY] §I8f Cu, Zn mRo]=
242} Cu, Zn YeQIAE SEM e & #Ysigict
(Fig. 1). SEM AR 23} L glabe] 217]= A 2A}o]
A AgEr ARst 2olzt i 2o ekt Cu
U= Z= 50 nm-100 nm 27|93 Zn YR }=
oF 100 nm=Z A|ZAF] AR KT 34 YETh Zn
npo] L2 YA} Cu wpo] L& YA b= 242} <10 gm, <3
ime] 272 Lpept AlzAte] me} xgich T
A3} Cu, Zn ieglabe] mope 7]} 28 70|
L Cu mho] A2 A= TH2tE, Zn wio] A2 QA=
TFol Ak E3F Cu W= YAFET Zn Ule Q1AL 4]
2 gxlo] FAHITE o1AE AL IA] dolE
Eeie] E7o] R Weke Ao At the
Qo) SIS B o AR g Erke] 97 9 S
e Aol ool RS vlAn otz S4u)
HEKRichard 5, 2008). Y=YA}= clofst 3
271 slolA] $4 Ei= AEW 243t 2l shety
1970 WisfslA) Hul, Wl Eelsera 54 A
A EAT 0EE BRe 23 rkNowacks)
Bucheli, 2007). wj2}A] thekst Q1zlo] olste] wshe
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Fig. 1. Scanning electron microscopic image of metal particles (A: nano Cu, B: micro Cu, C: nano Zn, D: micro Zn).

3.2, 3% YRlo W2 5
S0kt ol q % FE4TE Table 2] Lieh
oAtk Cu ARt 2710 e vl™e] FH4 EHere
day 0 ol A= hol7} el g3gkom] 14171 vjof
3 ool At 0149l Kol 7} ekt 142171 )
ot mooll A H@e] Cu AL vl A YR 2
%l mofoll A 26 o)A} 7l etttk Day 149] %
%, u2) 29417 1407 vt 7] who] 1 717
olo] §%

Fe AE0] 875 (bioavailable) 3t 4

Elo] 4124 yoll 47 T4, 248 Ao walrh
Zn 7 2710] W2 o] Fd 2L day
0, day 14 B §-0]2<] Zfo]7} pehix) giokh. &
ATAAE Zn e A7} Cu the YRt 8]
13} B30] 2 AR e} (Fig. 1) Zne YA} 2
7)ol we} o] L] 9 Ao = wale,
T2 Table 28 o&3lo] EFE 243t A7), 2
4 7k 7ol Wl Culit} ZnolH o %7 ZHale
Ao ep} fee Zn 2] o w714 Aow

W

Table 2. Concentration of Cu and Zn in soil, buck wheat, and enrichment factor (P value compared 'day 0' to 'day 14')

Treatment Copper Zinc

Soil (ug/g) Plant (¢g/g) EF Soil (ug/g) Plant (¢g/g) EF
Day 0 Nano 678+101 120+29 0.18 901+48 1227+107 1.36
Micro 694+38 131436 0.19 62622 1697+242 2.71
Day 14 Nano 642164 125439 0.19 723423 1582+527 2.19
Micro T12+12 289+16 0.41 655+14 1993+168 3.04

P value Nano 0.780 0919 - 0.028 0.545 -

Micro 0.687 0.017 - 0.322 0.371 -

EF; Enrichment factor (plant metal concentration/soil metal concentration).
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LFERA T Ue Ak A AlaE 713 Wf 52412 A&
=719F YA ool whet #-9-E=tl(Nowack <t
Bucheli, 2007) U ¢JA}e] £7)7} th2hel Hoje
@] Zno] Al f 4L o golstA g Aoz A}
FEch uehA f2e] Zn tie RS Afo] =0}
= ¥l il Zn o] YA} R} g eof whE AL
2 ®olt}

3.3. EY9| dehydrogenase(DHA) &M

Table 3. Values of dehydrogenase activity (P value: P value
compared 'day 0' to 'day 14")

Dehydrogenase activity (ug TPF/ g/ 24 h)

Treatment Day 0 Day 14 P value
Control 18.0+nd 20.5+5.0 -
Nano Cu 10.3+6.0 12.3+4.3 0.796
Micro Cu 27.0+1.1 11.9+7.1 0.102
Nano Zn 5.8+1.9 8.6+5.4 0.641
Micro Zn 15.6+3.1 4.5+1.2 0.029

B ndEe] ARkl A EE Uehlle
T2 E(DHA)YE 5743 A3z Table 33t -
B mAES e9=Hol i B AL B
agol AAOR WEel) o] £ 298
H71817] Yot &2 A Fo|tiMuhammad 5, 2005;
Sukul, 2006; Yao 5, 2000). Day 09]|A+= U=QJA}
7} vo| A2 A} foj2 0 2 ke S S Lyef
ow Culth Zn9| &40 ¥ WA Yepydth vh,
day 140l Q12 Z7]o] ket £-9j4Q] o]} Lp
EFLEA] oL day 00| A9 n7FA] = Cult} Zn

H oofd Lol
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Fig. 2. Comparison of average well colour development (AWCD) curves(A: Day 0 AWCD, B: Day 14 AWCD).
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