creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

YA g

i

St= Lt

R

YA

17 %7}

[}
=

20223 02 €

REND

O
H



H

1}

i

Bl (1) Ar3}

ERICEEE:

o|]
L

&

2022 024

,,.A_.o
A

anaen 7)<l 2

M 1.
N
ad
MAA,.
of-
)
//)ﬁf&
c s
o oF

2022d 02 €



Risk assessment of Antimony (III) oxide nanoparticles using

both phytotoxicity and cytotoxicity testing methods.

SangEun Kwak

(Supervised by professor Uhram Song)

A thesis submitted in partial fulfillment of the requirement for the

degree of Master of Science

2022. 02

This thesis has been examined and approved

s Ghu [Cim
Chalrp;crsm;;j; Co/;nlttjf) P 5

(Lhram Son 3

(Name and signature)

Pec. 202

DEPARTMENT OF BIOLOGY

GRADUATE SCHOOL

JEJU NATIONAL UNIVERSIT



ABSTRACT

Phytotoxicity and cytotoxicity are important considerations to understand the potential
environmental impacts of manufactured nanomaterials. Nanoparticles (NPs) are increasingly
being used in industry. NPs can produce some acute toxicities, but their overall effects on
living organisms are mostly unknown. Whether antimony (III) oxide (antimony) NPs are toxic
or beneficial to ecosystems is controversial because of limited research. In this study, we
assessed the potential toxic effects of antimony NPs using phytotoxicity and cytotoxicity
testing methods. The germination rates of Latuca sativa L. and Brassica campestris L. (0, 1,
10, 100, 500, 1000 mg/L) were tested and only Lactuca sativa germination rates were
significantly decreased after antimony NPs treatment. Furthermore, antimony NPs treatments
at over 500 mg/L concentrations significantly affected root elongation. In pot experiments with
semimature plants and mature plants (0, 1, 10, 100, 500, 1000 mg/kg in soil), significantly
decreased chlorophyll content was detected in both species by antimony NPs treatment.
Antimony NPs was taken up into plant stems, leaves and soils. Especially higher
concentrations (500, 1000 mg/kg). In cytotoxicity tests, RAW 264.7 cells with antimony NPs
showed a significant decline in cell viability (0, 1, 10, 50, 100, 250, 500 pg/mL). As a result,
antimony NPs show phytotoxicity and cytotoxicity, and presented potential toxicity in the
environment. Antimony nanomaterials are widely used and can be dangerous. Therefore, the

use and disposal of antimony oxide nanoparticles should be carefully monitored.

Keywords; Nanoparticles, Antimony (III) oxide, Phytotoxicity, Cytotoxicity, Brassica

campestris L., Brassica campestris L., RAW 264.7 cells



ABSTRACT ...ceceverereressesssessesssessassssssasssssessssssssssssasssssssssssssassssssassssssasssessassssssssssessasssenes 1
LIST OF TABLES.......ccvvuestretessesssessesssessessssssassssssassssssassssssassssssasssssssssssssassasssssssessassssssanes 3
LIST OF FIGURES .....cvvrvuestsseessssesssssesssesssssssssssssesssssssssssssassssssassssssassssssassssssassssssasssens 5
I A B ettt ettt et et e b e AR AR R R AR AR bR s s aneastees 6
IL AIE H B cceccrerecenresesennasesesssasesssssssssssssssssessssssssssssssssssssssssssssssssssssssssssssess 10
1. AHAEEE REEIE Ui EZY AE SA e, 10

11 A E AT e 10

12 Y B AT s 10

13 HOFE I 2 AT e, 11

14 AJE AT e 12

15 A8 B B BA e, 13

2. QFEIE AZEL AME SA . e 14

2.0 AIE HEOE s 14

2.2 Al A s 14

IIL ZT; T TEZ e erreeeereseesesesessssasessssssssssssssssssssssssssssssssssssssssssssssssssassssssssssess 16
1 AHAEEE REEIE U EZY AE SA e, 16

11 Yx 3 Ao wE dol& I F2 A AF e, 16

1.2 Yx E4 Ao 0E 4539 A4 48 A% 2H . 21

13 Yx £33 A wg A5 FA4Y A AE A% dFH . 27

14 A5 QD B B2 A} e, 33

2. A3 FEJE U BEAY AE B4 s 39

2.1 RAW 264.7 A E A 9] A3} QHEIE Y B 54 ... 39

IV, 2 OF ceeeeeestessestssessses s st ass st ass s ass bt s sessass sttt as s ass b s sentas 42
V. RETEIEINCES...cuueiiiiiiiiiiiiiiiiiiiinisisiisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 44



LIST OF TABLES

Table 1. Effects of Antimony (III) oxide on germination rates (%) of Lactuca sativa L. biennis

18

Table 2. Effects of Antimony (III) oxide on germination rates (%) of Brassica campestris L.

biennis 18
Table 3. Effects of Antimony (III) oxide on root elongation of Lactuca sativa L. ................. 20
Table 4. Effects of Antimony (III) oxide on root elongation of Brassica campestris L. ....... 20

Table 5. Effects of Antimony (III) oxide on the height of semimature Lactuca sativa L. .... 23

Table 6. Semimature Lactuca sativa L. biomass in the presence of Antimony (III) oxide... 23

Table 7. Effects of Antimony (III) oxide on the height of semimature Brassica campestris L.

25

Table 8. Semimature Brassica campestris L. biomass in the presence of Antimony (III) oxide.

25
Table 9. Mean temperature during the experiment period in greenhouse ..........ccoceeeveercvueenee 29
Table 10. Effects of Antimony (IIT) oxide on the height of mature Lactuca sativa L............ 29
Table 11. Mature Lactuca sativa L. biomass in the presence of Antimony (III) oxide.......... 29

Table 12. Effects of Antimony (II) oxide on the height of mature Brassica campestris L.. 31

Table 13. Mature Brassica campestris L. biomass in the presence of Antimony (IIT) oxide 31

Table 14. Antimony (III) oxide uptake by plant leaves 4 weeks after exposure in mature

Lactuca sativa 1 36

Table 15. Antimony (IIT) oxide uptake by plant roots 4 weeks after exposure in mature Lactuca
sativa L 36

Table 16. Antimony (IIT) oxide contents of soils in mature Lactuca sativa L. ........................ 37

Table 17. Antimony (III) oxide uptake by plant leaves 4 weeks after exposure in mature

Brassica campestris L. 37

Table 18. Antimony (III) oxide uptake by plant roots 4 weeks after exposure in mature

Brassica campestris L. 38




Table 19. Antimony (II) oxide contents of soils in mature Brassica campestris L................ 38



LIST OF FIGURES

Figure 1. The Chlorophyll contents of semimature Lactuca sativa L. leaf..............cceunc.. 24
Figure 2. The Chlorophyll contents of semimature Brassica campestris L. leaf .................... 26
Figure 3. The Chlorophyll contents of mature Lactuca sativa L. leaf 30
Figure 4. The Chlorophyll contents of mature Brassica campestris L. leaf...........couceueunc.. 32

Figure 5. Effects of Antimony (III) oxide nanoparticles on cell viability in RAW 264.7cells
41




I. A =

U A= 1elA 100 nm Akole] A7E Zte A e 24 JAFAR, A
Z1ell whet Wi e A e 7HAA B ol d Ede 83 U Vs> 3
A zgds A Vls F ostdeld, diEdoR yx Ves 8% IEE
(Gong et al. 2014), 5<% Y| 5 (Liu and Lal 2014), 2} e 2] (Lee et al. 2010) &
of e a9 v EF2 3perd 29, dald SA, A71E SA4e0A

MEHE DR 715H 5L A ok Al §5 % Al Solsiu.

i
o
ik
ofo
&
1>
H
o
N
2
ol
2
B
o
ook
&
)
o
Eir
L
K
r_>‘.1_11
2
o,
M
o

el e =

a9

= Hog mgo 754 AFEoR AAHUSEUTH (Kimand Lee 2006). ©] £l

T ouEe e Y S0 888 07 A 7%, AAAFH ouH A
S o9 A8AA 7% S5 £FE 5 Aok (Kimer al. 2007).

N

AAAA o= Y 7)Eo] Tuged wet Yy 549 Ax, &v], 47 34
oAl AeAZ Y Edo] F¢1E 7hFsAol FobA Utk e v EAE
I AAE JEgAde] E=AlE] witel Al E 9T 71E 5 Uk (Maurer-

Jones et al. 2013). o] AFtel| et Ui o] @ AR A =EHo| olF

=

o, g 84 ws U s AEd: dF%e 71F ¢ v BuEgltt
(Espinasse ef al. 2018). 5= U= =Zol 9|3 A &2 A A JaFol| tiste] B
Hom, 53 o FAE AE AAAY Fo 2 EdE A Hol
AbEol 9ol H= Ao 7 YO ™ (Hozhina er al. 2001), 21 &3} vle|gjo} #

Aol el Aal J&FS Hol7|% 3+t (Yoon and An 2012).



7] 499, ol vrdE Aol yEhdA HS

A7 #1715 At} (Songand Kim 2016). ©] ol whe} v

s

27 AHgo)

L
R

ted #

Ith. 125

(e}
A

g2 thdol =

=
LN

ke
Rl

= aA

A A

Fa2 21t} (Sung-Min et al. 2015).

= 7}s

A=

s

o

I

g ol

d

=S
==

o|J

ol

ol @ (15000 pg/L)¥ Bl A (1500 pg/L)E.t} e gk

s

2 300 gl FE2 A

-

Sk} (Shotyk and

FHZ EA)

i

o|J
NIl

Krachler 2007).

Ptk

S

2 dYA gtew, 5552 AMEHVIE

ar

52 o7 deAd AA ot} (Wilson ef al. 2010). W= A& FAle] 2w &

o
Ry

o =l A

]

S X
™

1000 ~ 8800 pg/Lol™ H 3t 480 pg/Lo] 1,

E]&of w=ZFF o]

[e]

9

B WS ¢

0%

=

o

o AFHFS W= 5 pg/day

ﬁo

== XoJFT} (Sundar and Chakravarty 2010).

o|J

QAo =

o] oJeFEOoRE AREH ),

<A 5

oA,

59 £7]2 PET A|xA

MAF 5

Al TR,

=

(International Agency for Research on Cancer; IARC)| 4] 2B &&= X4



A% 54

ol
=~

(IARC 1988), & &7] A=, IF-2 vy

,_MH lﬁ Ry — iy
S 2 TP TR oo on R 1
wow 5 R os w O oop =TT owm o o X
— Wi OW =K m JE o _ _ T el 2 E.E ‘ul
_ T o7 %) 3N 0 X N

-— _— —_ - UT.c ~ _IT —_ Mﬂ ,a OME —_
. T S o womm oo < Hoox
) o3 @2 H o~ BT B g W R TOw
) . Hw S M. L = o5 o el _ %) Njo o = Jo ) ol
o T T B S T 7 a o T B
~ S o 5 < Q Hoox F o ) o5 WY
< S O T o~ g S~ %W T of gr o T e
] — — 2 Nk —_ S add < 0 ? RO R =
e W o B ~ I M T ) ” _ 1 0 W < = my ﬂm_pll
— =1 oj — [
x 2 4 £ BT £ M mm S S W N

~ — Z. G /s - —_— — X ,.Lo Lin 3 =
o7 X & « 0| . o N E ) ) ¥ A
o M T g W - B o ror o BT N
io o _M-w el \ﬁw = .w A_.:v =3 T M B 1Oto < 1X_.U _ui 1OMO
olm T - x = ° X g3 . — T
ok m o ow E R o3 % 2w 3 2w Tow Z = =
- om ok F 2 R o woE 2T AR "

Oﬁ d” Z.L ,_:H EO v Y | ..* :Io_ﬁ T _ Oﬁ fi%e) O o)
o 2MN o R R - W il
NJo < ¥ @ ™ ST T oz Pk 3= WX
o O &2 N 1 = X Ry T T

m = No) =y ] il "y =y o) Lol als —_ o
7 wu 2 &M = ~ M — o X i) Do e = © 00
X5 = N B T o o E R o ~ cr Ay
U S ° T % e F N & =L
F . T B Z W O T 4
T oz B of ™ o 2R X B § o~ =

< 5 B o | o o8 5 o 4 7T oo 8 > 3
g W g2 x T W C ' oo x W Z om T
Do & o O o oy 2 X ®ET . 2w B
U ot T . omoy Nz W w T
© ol m my mr % % T o= i = % W% o e ™ T
g% % oA 208 L =TV A
.o £ H o g s B Sz T oMo o oB - P N
s idigz sEiriiIenzg ¢

3 ,_Ir” OW ™ ﬂ ﬂ_ol ° W:v

bt

S

le; ?‘g:o] l—o]

=
R

o mA]

Ay
e i

A1z 5ol Al

gt Al

(Lewinski et al. 2008). ©] wji=¢] T}



3 9tk RAW 264.7 A3

kYA
ar

wl
=

A7 AH Y ol

W oAl 574

p—

Al
=
2
Fod
A
=

2
& B o X0
(@\]
~ 3 B o ir
S =1 =
— R
s T % M
= o X0 ! E
Z oF Ly < £3
'~ z.L ol =
Tos w2
o o=y o
-
—_ ~X >~
~ < o} M
LN vl
= %o N Wrc ﬂﬂ
now B "
e M H ok
o o7 ‘ul
L T
Ao 5 » =
froy ; ofF m.m B
OE ‘Wl T © M
s S
— W = % o7
= -
= ° U B\
wmoos " :
v B )
2o a7 B
gy W W %
- e =
e ol " X R°
~3
T ° g WK
% ﬂ 5 He o
— A ° - R
5 T R o
~X 0
WM o
W BB T

shlet.

S

3

]



1. As 9 Uy

1 APteh QEE e 29 A4E 54

1.1 A& A%

AAks) QFEIE Y &2 (Sby0s, < 250 nm particle size (TEM), Sigma, USA)2] =74

S FA5t7] f8te] A5 (Lactuca sativa LSt -3 (Brassica campestris L)E A&

l
o

SHRAaL, ol dWrdow FEby] 4= ¥k oidet, BAIFH N7 (OECD)

ﬂ,
o,
N

b 71l stetad g d% Foll 2H AN AF

AT} (Song et al. 2013c).

1.2 Yx 49 A7

U =45 1F Avls] A8 775 ARESke] 1, 10, 100, 500, 1000 mg/kg
= 9ol Hysiglon, W sk AA I v sRoA Y 3 54

2 golur|giste] MASAL, TEEE FAH BN Y B SHS

_ll}v
O_u

Aotz fsted A 3H3Ith (Song and Kim 2016).

10



1.3 Zol-&3} /2 A%

U o] 2A&E9] wotgl 7] fF Al ows JIFS 71 x=A &Rlst
7] flate] AdFst A FAE AFE-SFe] X3 EFSITE (Song et al. 2013c¢) .
HEZ tH el ZEHo]5 (HYUNDAI Micro filter paper, No. 10)E 21, A%}

o

T FAE 22 508 9a FEEE (1, 10, 100, 500, 1000 mg/L) Wi &2
6 mLY ET3t0] &% 25°C, = 80%7F WA A& X MW (JSPC-420C, IS
Research Inc., Korea)ol|l A A3 & sttt Z+ AEZHA Y TAES 54 st
HA dolg 3t 0] HolE FAgte] ZFstdon A Al W dFs HAa
stetr] flskel 2ol & WA FA9R AAE weeta, 33U 3 WA HEL

Yol 12mL? & a5

32

o,

11



o

}

s

S

215 9]

irol §A% A7% §A% 77 A

=

=

1.4 9% 8%
btk WA FAE 4719

e g 2GS A
[

23

I T R R T @ BT B T T
= ) nMM M = Ny my T o W o ko . N
w T g @ e 5w PT T g g
~n ‘_Iﬁ_A| . ~ ;OO v Mﬂ L ﬂ oj
A n wrM g ) B um _ " S o H E o
i v 2 O oa a R S
wo M P g o o o 3%
o P - o T e o 4 % T
N S wow Mm_m_ il r ¥
bl 2 oju . B3 =K (e ol ofp %0 © e o
2 ? P £ w07 R ) r
2 ET s o nox e 5oL F F o
j i} P K _
° S L) I _%_ol o o) 0° < ﬂﬂlM > = o
S = T w o " ol & S
S g E o Fw o W oo T Eow o %
CEESO R o N R OB g
£ 8 % o, oy 7O ¥ T g £ a
= .oz X0 ko B o W
= IRNE- R i ﬁT T A or B w o
s T ® T T - TOT %% T
~— ~ U‘W —_ A — ﬂﬂ
ol — N o atol . A = < g n o o
oo X b . owm CONC R S & o
o g T O _ 5 T o om M g o9 5 ™
= ! aK ﬁa X s < I = ~ -
— — TO o
T - - A
Mo s = & O A 5 T
- 2 2 = m m N w3 <
Mo o . T O B M
2 ~ MW o g W N xS S my
CRG Z W T TN = &9
N SO S o Z BB T
L _ o _ = < KA
T s e s g2 T F o owm IMowow TF
S S o B S R T W = T
o N M ZB - R oF o W W o o m
= N o o S F oW o N ol H B W

12

o ThAl ol

1l

=]

H%S FolA 3

]

=S
hm



15 4% 2 EF ¥4

FAE AL AW AElA vhe B Aele] we B0 =AWt
g 2957 o] AR BAS WAL 2Y 1 F 4TS ARG A

SHEZ Yol A8l AL, 50°CE dry oven (JEIO TECH TECH.CO.,LTD., Korea)©l| 4]

w

A AxAA FEe U F, AARE] LT Zol 0.1 g ARE 60%
A (DAEJUNG Chemicals & Metals Co., LTD., Korea)°ll 4 mL= 21l 24A]7F &<t
g2l ol HEgAIFATE o] 70% A4 (DAEJUNG Chemicals & Metals Co.,
LTD., Korea) 5 mLS F7}= Y] 200°C Heating block (LI-HB111, LKLab Korea Inc.,
ROK, Korea)oll M 2=A7} =55 wi7bA] #Z30eh ol F ARE A2elA A7 F,

ST E 348t oA (ADVANTEC No.2)oll o] #3stoe] 50 mLE Z5o]A] A

bl

S THISFS tH(Song et al. 2013a). =¥ 3htoll Al 2R 5Fe] 50°C dry ovenoll A 3

ZANA FES FUNAFYL, 2 mm AE AE F 1 g2 AJEE Mehlich

e/
N
Y

3 71HS E3lo] AA et (Wendt 1995). ©] % ICP- AES (Inductively Coupled
Plasma, ICP-730ES, Varian, Australia)= Sb QFE &), T-P (& ?1), K (ZFH) 945

BT

13



L2

2.1 AlX Hj¢

O

O A AIEZQl RAW 264.7 M= 3= AEZF 3] (Korean Cell Line Bank).©.
ZHEEH FUSHY. RAW 2647 AlXE+= 10% fetal bovine serum (FBS; Gibco,
Massachusetts, USA)2} 1% penicilin/streptomycin (P/S; Gibco, Massachusetts, USA)©] 3
3+¥l Dulbecco’s Modified Eagle’s Medium (DMEM; Gibco, Massachusetts, USA) Hl| %] &
o]-§-3to 37°C, 5% CO, Wi F7]olA ekttt A= 2o & W Alt) v st

o fA3tsiet.

A

XV

2.2 Ax

i

M3 5792 3-(4,5-dimethylthiazol)-2,5-diphenyl-etrazolium bromide (MTT; Amresco,
Ohio, USA) WS o] &3l Z4 33Tt (Ferrari ef al. 1990). RAW 264.7 M| E
96well cell culture plate®]] 1.5 x 10° cells/mL% +5-3F0] 24A|3F 5<F CO, wljF7]

A wjeF & ARS FEEE (110,50, 100, 250, 500 pg/mL) A 2] 3ke] 2447

HSAI AT 1 F MTT §92 ZF wellel A gl3ke] 3A12F F<9F CO, v 7] oA
HES-A1Zl & A5 HNS AASL 200 pLe dimethyl sulfoxide (DMSO; VWR

International, LLC., USA)E % 7}8}o] formazans £3l3Fo] 570 nme| A &3 % (0.D)
14



2 ST AE 542 AEE AgsA &2 tx79 0D gk vlasto]
et o] ANEY O, Aw® ARE ATaA e AL FAEE on)
S, Ae® A RS A2)S ALY FHED e
| - Vlablllty (%) = (Asamgle—Acontrol) x 100
control
3. ¥4 ¥4

RE A e Bd = ZFoAE YEISiaL, SAE B4 ddEat

=4 (ANOVAYE Fasislor #o3t Afolg Bd F5 (p <005 AFHE=

-

WAE YERSIE SA A

Duncan’s Multiple Range TestE T3 5o] ]+ 119

2]3= SAS (SAS v.9.1, SAS Institute INC., USA)S A3} o},

15



nm. 23 4 a3z

L. AHAs el E U B2 4E 54

1.1 Yx 2 Ao uE ol ¢ #Z AR Ax

A9

2011, MR vhe BAC BAo] FA FHeIMTE FFE vHEA, WA
FS vATE Y A olw Hoz wdH:

Aeste] FApe] dotgs S, Ui o] Ak @A A=

T Al ot FEFE vA=A ddET] sfstel 2 AR dds AYs

22
e

e FAbell v =dS AYstal dokgs S A (Tablel), 27
5A el Ht 80.0 £ 0.0 (%)2] WolES, 2042} o= Ht 92.0+4.9 (%) Hols
S BT A% AT 500, 1000 mg/L A 2] G-l Al 5A o= 56.0 9.8, 52.0
+£10.2 (%)l A 202t FHt 60.0+8.9,56.0+7.5 (%)) Wol&S BT BE A

2ol frolua Aolg melw LrEelim wWobgo] gassith

FA Sl FA] Ui 284S Aesta Toba S 543 A3 (Table 2), 1 7IE

A Aol BAFCR FouFt 2fo] 7} vehbA] 23k

S woldy Ak 43 A

2

M= s ArelM dixzae ARt e

o] WolES Holw FAHOR [Foug o5 Kol Fxp ropgo] 1

B>



Apol] & Ko

s

I EAe] Toba2 A Aol SAHR #v]

Rbd, 2

s

A

of 1

=]
RN

97k g7 )

F FAe

A}

ol =
R

oh;]_.

o)

l

A

i
=
;onﬂ

—

m

A

of 1

=]
RN

ted FA7F =471 o

S

Fol H

S Ao % AR ¥} (Hozhina et al. 2001).

-/3})1\

JenA

17



Table 1. Effects of Antimony (III) oxide on germination rates (%) of Lactuca sativa L.

biennis
Concentrations/Days 5 days 10 days 15 days 20 days
Control 80.0 +0.0° 92.0 + 4.9 92.0 + 4.9 92.0 + 4.9
1 mg/L 64.0 £ 7.5 84.0 +7.5° 84.0 +7.5° 84.0 +7.5°
10 mg/L 52.0+£4.9° 84.0 +7.5° 84.0+7.5° 84.00 + 7.5°
100 mg/L 64.0+£11.7°  76.0 £4.0° 80.0 + 6.3 80.0 + 6.3
500 mg/L 56.0 £ 9.8 60.0 + 8.9° 60.0 + 8.9™ 60.0 + 8.9™
1000 mg/L 52.0+10.2° 56.0 7.5 56.0 +7.5° 56.0 +7.5°

Values represent means = SE (n=>5). Values having the same letter are not significantly different

at the 0.05 level.

Table 2. Effects of Antimony (III) oxide on germination rates (%) of Brassica campestris

L. biennis
Concentrations/Days 5 days 10 days 15 days 20 days
Control 80.0£11.0 80.0 £11.0 80.0 £11.0 80.0 £11.0
1 mg/L 96.0 +4.0 96.0 +4.0 96.0 +4.0 96.0 +4.0
10 mg/L 96.0 +4.0 96.0 +4.0 96.0 +4.0 96.0 +4.0
100 mg/L 84.0£11.7 84.0 +11.7 84.0 +11.7 84.0+11.7
500 mg/L 84.0+7.5 84.0+7.5 84.0+7.5 84.0+7.5
1000 mg/L 92.0+8.0 92.0+8.0 92.0+8.0 92.0 +8.0

Values represent means = SE (n=>5). Values having the same letter are not significantly different

at the 0.05 level.
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Table 3. Effects of Antimony (III) oxide on root elongation of Lactuca sativa L.

Concentrations/Days 5 days 10 days 15 days 20 days
Control 2.2+0.4% 3.9+£0.7%° 43+0.7% 4.9 +0.7%
1 mg/L 3.0 +0.6° 4.7 +0.7° 5.6+0.8° 6.0+0.8°
10 mg/L 2.9+0.3" 4.0 0.6 4.0 +1.0% 5.0 £0.9%
100 mg/L 2.0+0.2% 3.4+£0.5% 3.6 £0.5% 3.9+0.5%
500 mg/L 1.6 £0.4% 2.840.5% 3.1+£0.5° 3.5+0.5°
1000 mg/L 0.6 £0.2° 2.0+0.5¢ 2.6+0.7° 32+0.8°

Values represent means = SE (n=>5). Values having the same letter are not significantly different
at the 0.05 level. Unit: cm

Table 4. Effects of Antimony (III) oxide on root elongation of Brassica campestris L.

Concentrations/Days 5 days 10 days 15 days 20 days
Control 50+0.9 6.5+1.2 73+13 8.0+1.4

1 mg/L 52+0.3 6.8+£0.4 7.5+0.7 8.1+0.5

10 mg/L 54+04 7.1+0.6 7.7+0.5 8.1+0.6

100 mg/L 39+04 5.6+0.7 6.4+0.6 6.5+0.8

500 mg/L 4.0+0.3 6.2+0.6 6.7+0.7 7.2+0.7

1000 mg/L 3.5+£0.2 55+0.5 6.3+0.5 6.7+0.5

Values represent means = SE (n=>5). Values having the same letter are not significantly different
at the 0.05 level. Unit: cm
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T St (Park 2015).
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Table 5. Effects of Antimony (III) oxide on the height of semimature Lactuca sativa L.

Concentrations/Days 5 days 10 days 15 days 20 days
Control 12.02 £0.37 1242+037 1276 +£0.38  13.12+0.47
1 mg/kg 11.74 £ 0.69 12.10+£0.70  12.56 +£0.57  12.70 £ 0.46
10 mg/kg 10.78 £ 0.46 11.72+0.24  11.92+0.26  12.66 +£0.16
100 mg/kg 11.60 = 0.37 12.00+0.40  12.52+0.53 12.82 £0.59
500 mg/kg 11.88 £ 0.80 1236 +094  12.78+0.92  13.56 +0.57
1000 mg/kg 9.62 +0.63 11.04 +£0.57  11.56 £0.61 12.56 = 1.14

Values represent means = SE (n=>5). Values having the same letter are not significantly different

at the 0.05 level. Unit: cm

Table 6. Semimature Lactuca sativa L. biomass in the presence of Antimony (I1I) oxide

Concentrations/Days Leaves Root
Control 3.49 +£0.56 2.46+0.44
1 mg/kg 2.49+0.36 1.63+0.16
10 mg/kg 2.98 £0.25 2.43+£0.32
100 mg/kg 3.60 £ 0.86 2.65+0.89
500 mg/kg 3.30+£0.45 1.93+0.32
1000 mg/kg 2.19+£0.20 1.33+0.31

Values represent means = SE (n=>5). Values having the same letter are not significantly different

at the 0.05 level. Unit: g
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Figure 1. The Chlorophyll contents of semimature Lactuca sativa L. leaf

Symbols and error bars represent means + SE (n=5). Symbols having the same letter are not
significantly different at the 0.05 level.
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Table 7. Effects of Antimony (III) oxide on the height of semimature Brassica campestris L.

Concentrations/Days 5 days 10 days 15 days 20 days
Control 8.4+1.1 13.1£4.0 144+3.8 153+43

1 mg/kg 82+1.1 11.5+1.4 127£1.6 14.0+1.1

10 mg/kg 8.8+1.0 9.6+1.0 99+1.0 102+1.0

100 mg/kg 10.6 £0.8 11.0+0.8 11.3+0.7 11.5+£0.7

500 mg/kg 8.0+1.1 129+3.1 16.7 6.5 18.1+7.6
1000 mg/kg 7.8+£0.9 8.0+0.9 8.5+0.8 8.7+0.7

Values represent means = SE (n=>5). Values having the same letter are not significantly different
at the 0.05 level. Unit: cm

Table 8. Semimature Brassica campestris L. biomass in the presence of Antimony (III)
oxide.

Concentrations/Days Leaves Root
Control 0.49+0.11  0.37+0.10®
1 mg/kg 0.48 £0.12 0.10 +0.04°
10 mg/kg 038+0.12  0.45+0.17"
100 mg/kg 0.73 £0.11 0.64 +0.18
500 mg/kg 049+0.17  031+0.11*
1000 mg/kg 0.40 £0.15 0.23 +0.08°

Values represent means = SE (n=>5). Values having the same letter are not significantly different
at the 0.05 level. Unit: g
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Figure 2. The Chlorophyll contents of semimature Brassica campestris L. leaf

Symbols and error bars represent means = SE (n=5). Symbols having the same letter are not
significantly different at the 0.05 level.
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Table 9. Mean temperature during the experiment period in greenhouse

Experiment period Mean Temperature

2021.05.16 —2021.06.08 23.9°C

Table 10. Effects of Antimony (III) oxide on the height of mature Lactuca sativa L.

Concentrations/Days 5 days 10 days 15 days 20 days
Control 15.1+£04 159+0.5 17.0£0.3 18.5+£0.3

1 mg/kg 13.9+0.6 16.2+0.5 16.7+0.6 17.9+0.3

10 mg/kg 13.2+0.8 15.1£0.7 16.1£0.9 174+ 1.1
100 mg/kg 152+0.3 16.6 £ 0.5 17.3+0.2 18.7+0.6
500 mg/kg 13.1£1.2 143+£1.0 15.7+0.8 18.3+0.6
1000 mg/kg 14.6 £0.5 16.2+£0.2 16.6 £ 0.2 17.7+0.4

Values represent means = SE (n=>5). Values having the same letter are not significantly different
at the 0.05 level. Unit: cm

Table 11. Mature Lactuca sativa L. biomass in the presence of Antimony (III) oxide

Concentrations/Days Leaves Root
Control 20.71 £3.17  26.75+3.44
1 mg/kg 21.38+3.84  23.32+3.67
10 mg/kg 19.46 £2.72 31.09+£5.08
100 mg/kg 2454 £3.73  21.40+4.76
500 mg/kg 17.49 £550  27.75+10.96
1000 mg/kg 20.69 +2.01 24.59 +3.27

Values represent means = SE (n=>5). Values having the same letter are not significantly different
at the 0.05 level. Unit: g
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Figure 3. The Chlorophyll contents of mature Lactuca sativa L. leaf

Symbols and error bars represent means + SE (n=5). Symbols having the same letter are not
significantly different at the 0.05 level.
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Table 12. Effects of Antimony (III) oxide on the height of mature Brassica campestris L.

Concentrations/Days 5 days 10 days 15 days 20 days
Control 204+1.5 229+0.7 23.8+£0.9 25.5+1.1
1 mg/kg 202+ 1.1 232+0.8 24.1+1.0 246 +1.2
10 mg/kg 19.3+1.2 232+1.8 239+1.8 248 +1.7
100 mg/kg 21.6£2.2 247+2.5 25.6+2.5 27.5+2.2
500 mg/kg 199+ 1.4 233+1.1 243+1.2 25.1+1.1
1000 mg/kg 203+1.9 243+1.3 252+1.5 257+1.3

Values represent means = SE (n=>5). Values having the same letter are not significantly different
at the 0.05 level. Unit: cm

Table 13. Mature Brassica campestris L. biomass in the presence of Antimony (III) oxide

Concentrations/Days Leaves Root
Control 10.76 + 1.83 6.82+0.95
1 mg/kg 11.35+£1.66 4.50 +0.61
10 mg/kg 8.98 +£1.67 6.94 £2.03
100 mg/kg 12.50 +2.68 7.22 +£0.42
500 mg/kg 10.21 + 1.41 495+1.34
1000 mg/kg 13.22+1.92 3.89 £1.02
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Values represent means = SE (n=>5). Values having the same letter are not significantly different
at the 0.05 level. Unit: g
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Figure 4. The Chlorophyll contents of mature Brassica campestris L. leaf

Symbols and error bars represent means + SE (n=5). Symbols having the same letter are not
significantly different at the 0.05 level.
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Table 14. Antimony (III) oxide uptake by plant leaves 4 weeks after exposure in mature
Lactuca sativa L.

Concentrations/Column Sb T-P K
Control ND 2685.5+1201.0 40917.6 + 18298.9
1 mg/kg ND 3591.6 + 1606.2 45014.9 +20131.3
10 mg/kg 1.40 £0.63° 2937.5+£1313.7 36010.9 = 16104.6
100 mg/kg 8.88 £3.97° 2867.2 +1282.3 33828.4 +15128.5
500 mg/kg 18.80 + 8.41% 4741.5+£2120.5 47319.6 + 21162.0

1000 mg/kg 38.80 +17.35° 2474.0 £ 1106.4 37270.3 £ 16667.8

Values represent means = SE (n=>5). Values having the same letter are not significantly different
at the 0.05 level. Unit: mg/kg, Sb; Antimony, ND; Not Detected

Table 15. Antimony (III) oxide uptake by plant roots 4 weeks after exposure in mature
Lactuca sativa L.

Concentrations/Column Sb T-P K
Control ND 4018.8+1797.3 14962.2 + 6691.3
1 mg/kg ND 4416.0 £ 1974.9 16755.8 + 7493.4
10 mg/kg 250+ 1.12 5384.9 £2408.2 22980.0 + 10277.0
100 mg/kg 299.20 + 133.81 4032.3 +1803.3 14644.9 + 6549.4
500 mg/kg 311.88 +£139.47 4417.1+ 19754 15532.5 £ 6946.4
1000 mg/kg 481.50 £215.33 5209.7 +2329.9 21051.3+9414.4

Values represent means = SE (n=>5). Values having the same letter are not significantly different
at the 0.05 level. Unit: mg/kg, Sb; Antimony, ND; Not Detected



Table 16. Antimony (III) oxide contents of soils in mature Lactuca sativa L.

Concentrations/Column Sb T-P K
Control ND 391.11 £174.9 2898.77 + 1296.4
1 mg/kg ND 274.39 +£122.7 2807.29 £ 1255.5
10 mg/kg ND 278.24 £ 1244 3674.16 £ 1643.1
100 mg/kg 0.20 +=0.09 335.90 £ 150.2 3405.44 +£1523.0
500 mg/kg 3.85+1.72 401.78 £179.7 4076.10 = 1822.9
1000 mg/kg 11.10 £4.96 303.58 £ 135.8 3339.48 +1493.5

Values represent means = SE (n=>5). Values having the same letter are not significantly different
at the 0.05 level. Unit: mg/kg, Sb; Antimony, ND; Not Detected

Table 17. Antimony (III) oxide uptake by plant leaves 4 weeks after exposure in mature

Brassica campestris L.

Concentrations/Column Sb T-P K
Control ND 59982.4 +£26824.9 248331.1 £ 111057.0
1 mg/kg ND 56214.2 £25139.8 265009.3 + 118515.8
10 mg/kg 35.30 £15.79 63834.6 +28547.7 328668.6 + 146985.1
100 mg/kg 21.90 £9.79° 61328.9 £27427.1 302431.5 + 135251.5
500 mg/kg 141.50 + 63.28° 56171.9 £25120.8 329453.2 + 147336.0
1000 mg/kg 92.38 +41.31° 54428.5£24341.2 209303.6 + 93603.4

Values represent means = SE (n=>5). Values having the same letter are not significantly different
at the 0.05 level. Unit: mg/kg, Sb; Antimony, ND; Not Detected
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Table 18. Antimony (III) oxide uptake by plant roots 4 weeks after exposure in mature

Brassica campestris L.

Concentrations/Column Sb T-P K
Control ND 2942.0 + 1315.7¢ 13741.0 + 6145.2°
1 mg/kg ND 3297.8 £ 1474.8> 17590.1 + 7866.5%
10 mg/kg 3.70 £ 1.65° 2753.6 + 1231.5¢ 16578.3 £ 7414.0°
100 mg/kg 42.50 £19.01° 4638.0 + 2074.2® 16646.8 + 7444.7%
500 mg/kg 554.63 +248.04°  4802.5+2147.7° 16207.7 + 7248.3%
1000 mg/kg 714.60 +319.58" 44125+ 1973.3" 18280.5 + 8175.3°

Values represent means = SE (n=>5). Values having the same letter are not significantly different
at the 0.05 level. Unit: mg/kg, Sb; Antimony, ND; Not Detected

Table 19. Antimony (III) oxide contents of soils in mature Brassica campestris L.

Concentrations/Column Sb T-P K
Control ND 381.8 +£170.8 4586.4 +2051.09
1 mg/kg ND 471.0 £210.6 4706.8 +2105.0
10 mg/kg ND 420.0 £ 187.9 4193.5+1875.4
100 mg/kg 0.07 £0.03 456.3 £204.1 4600.9 +2057.6
500 mg/kg 2.72+£1.22 399.5 +178.7 4309.1 +£1927.1
1000 mg/kg 441+1.97 498.6 £223.0 4362.1 +1950.8

Values represent means = SE (n=>5). Values having the same letter are not significantly different
at the 0.05 level. Unit: mg/kg, Sb; Antimony, ND; Not Detected
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Figure 5. Effects of Antimony (III) oxide nanoparticles on cell viability in RAW 264.7cells

Symbols and error bars represent means + SE (n=5). Symbols having the same letter are not
significantly different at the 0.05 level.
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