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« This study confirms the ecotoxicological effects of E171 on aquatic organisms and provides insight into its potential risk to the

environment.
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Abstract: E171, a mixture of titanium dioxide, has been widely used as a food additive
due to its whitening effect and low toxicity. However, it has been proven that E171 is no
longer safe for public health. So far, there are insufficient studies on the toxic effects of
E171 on organisms especially using standardized test methods. In this study, toxicity
assessments of E171 to two aquatic species, water flea (Daphnia magna) and zebrafish
(Danio rerio), were performed using modified standardized test methods based on
the physicochemical properties of E171. The hydrodynamic diameter, polydispersity
index, and turbiscan stability index (TSI) were measured to ensure the dispersion
stability of E171 in exposure media during the test period. The ECso for immobilization
of water flea was 141.7 mg L™ while zebrafish was not affected until 100 mg L™ of E171.
Measurements of reactive oxygen species (ROS) and antioxidant enzyme activities
confirmed that E171 induced oxidative stress, leading to the activation of superoxide
dismutase and catalase in both water flea and zebrafish, although the expression
of antioxidant enzyme genes differed between species. These results suggested the
potential risk of E171 to aquatic organisms and provided toxicological insights into the
impacts of E171 on the environment.
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Ato] 7}155tet (Barber and Freestone 1990; Joudeh and
Linke 2022). 5 ofy2t Wiegde HI245 0 4
A o 2 HEHAS 712 1L 1] (Joudeh and Linke 2022),
=49 FHA TAsk= 2ok, et whgS 28X
o G402 203 4 9k ofeiet 42 olgsie] A
=ofA, &3t B oux A, AN 5 A 7 58
H2ofel] 8511 QIth(Su et al. 2012; Ong et al. 2021).
71zo] st Wl the egde] Sejsiely &
ALl 71 Yol Mz 7Fs & ol F & e T4

o, AR <712 & A & & F4e 7L 5 3
3

2013). 570] HSEHA &2 YioEdHo] A4t By &
gk ARS, {71 5 A 3ol 8 Foll S =H HolAt
&g 5ol HFTH o= AAY FidE Aoz FHHrt o
g2hA] Y B4 0] At 5448 A5 9 keglo] H
Q39 A¥3to]th(Lee and Lee 2021; Fiordaliso et al. 2022).
SHAIE B2 o] =4 whE-S Q9 7|E] gol4 gt
S0 A=A WS Iti2 &H8ot7]o= Ui
B9 FR2o|EH EAOoZ Qg oz AHolr}, Ayt
29l 3FetEA 9] e, A2 thE 374 oiA| ollA HH
of Esta]= Aol qlo] E9ety QA o F 2
AEdo 2 E AHYst= 593 HZo|th(Praetorius et
al. 2017). Z2v Yo Ed 0] ¢ g9ty o g EQHAget
E2o|E 4t B/4d5HH, YA (agglomeration) X 3
(sedimentation) ¥} 22 H]|7}2] dk-gof| o) A|FujA]
Y & 0] Hapt st 5o Al@Ade] o7t &
AW} (Hund-Rinke et al. 2017). ©]213t BAIE 585171
23l GHSISFE A A (ECHA)S AR5 &H|5H= 1, 2
A9 go)=R] = e B0l EAS who= W &
U549 548 ASsH Hrtstr] g +A1A &
oF2 =9l5}9tHECHA 2017). OECDOIA & L 52 9
E2lgfehd EAS 12t 7| AlEE o] g Aol
YAE UG EH 0] 8o 9 24 P Al At 3 A]
A 9 GIEE QI blolE AR tiet EFARP-S WSt
S THOECD 2020). £3] 2021 °f ¥7He %

A 317 Yegde] A4 9 EHE Y = =

< 3pehEd el 542 HSote OECD Al@A el Hic
=49 gty B4 9 AAS
I, Y54 BArR o] FujHid 52 Bkt OECD
2021). AF7HA] theFet Yo Edo it 54 ot &
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o|4taletoEHg (TiO,)2 A e 714, 31eh] ¢4,
&2 P& vk 5o o A Aoz U

o
4 Z sholh(Skocaj et al. 2011).
20219 oj4tstetoletg ARATF A HilA o o2
H 202090 oF 1709 E 29| theRt §-§ HoF
ofl TiO,7F AHEE1.0™, 2021 EH-E] 2028 @7HA] 11 12
£ A% 6.0%4 HEA GHT AR AFEHTH(Grand
View Research 2021). TiO,= HQ1ES} I & Z2tAE A
&, Tol Azxoll F2 AFEHY F2 4teh gdde Ad
BEEA AR 716 A, 7748 E0f 5 oheket wof
oA AHEE|TL 1Tt (Schneider et al. 2014). ©]2A] TiO,
7} At ZF Fofol| A ARRE AL AT, 1% TR 7t
7 Ao B Sl ok ARAVEER AR EE o]
Atstetoleby 8291 E1710]th E1712 A]&A &
A A 2w SohA| AEEH, 2] o] ARl Uy
SHA| Ak HRIE, F9, ooFE, 3P, A|oF 5ol 2239t
At (Dudefoi et al. 2017). A3 Aol 2™ 20208
of oF 1227]9] A& E1710] Zg= o] Qlom, 7ha}, &
&=, TR 5 oY AFo] A EE ZeR B
%At (Blaznik et al. 2021). 13u T FHAIEFEH
(EFSA) E171= AlBH7HE &2 ARgSh= Zio] obAstA|
Sty waglon, olg HHtstE A7t oy A4E
55| B %I (Musial et al. 2020; EFSA 2021). &
o], U $<#9] E171-2 A, 97, ©§7] 5 o8| A2 E
ol Y=ol F, o, B= A3 5 vk 22 9 7]
WO HoAgwS 11 5442 4o 4 UTH(EFSA 2021;
Fiordaliso et al. 2022). £9] 54& fF&st= 543 714
% shQl AStAE | A E171 Ui FAH] AW 527t
Z7}atoll whet Catalase (CAT)St Superoxide Dismutase
(SOD)2] P43} 582 FHAA7|H, DNA &40 2% o]
A & k= B0t 1t (Fiordaliso et al. 2022). =
2k E171-2 IA#TE of 2} e Aol B2 Q1 JF
< A= LEEAR 29t v Barg Hf Qlot
(Chavan et al. 2020). E171°] =2 $714, @714 0|4
S A BF E1719] 37 2 9 L E0] Hof ot
T BolA o o] Zadh= Aol RIS (Hou et
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al. 2019; Bhattacharjya et al. 2021). E171°] k=& =0
(Pimephales promelas)<} @51 (Oncorhynchus mykiss)°l
M 24t (Reactive oxygen species, ROS) 57t Al
zupo] 218 IHitske QIgh 2] E4Fo] TAYSHITH (Fede-
rici et al. 2007; Schneider et al. 2014). SFA|TF A3 in
vitro A8 5-& o]4ate] E1719] Q1A YJalid-2 A7t i
01 ZHE Hhe, ofA1742] E1719] A E ] Rl =4
J A o 7 BEs Aol

E Ao B Eagetd EAL 18t
FAHEGAELH OECD AUEA 3173 Tio, Y
e S=dAdS Al /idE NIST S0 =
1200-1, 2, 3 & o2 EEZUS AL2sto] S8 5 ol R,
259 8Eel it E17191 =734 % (OECD TG No.
202, 203)& FH5k3ieh E3H E1719] 542 2416t 9
S A= W BAMEESA ARtAE A0 A RE EA 8]

om, FHor SYYFFIY] FFEE (Effective
concentration, EC) ¥ Z| A5 (Lethal concentration, LC)

7 Bl sk,

>,

_4

2. Mz 3 LY

21, EI7I0) Sofers £ 9 B4 by

o

AFE4 E171 (HOMBITAN® FG; <& >99.0%)->
Venator Germany GmbH (Duisburg, Germany)l| 4] -1}
sk, AxAAANA AEE Az m=H 99% o4
O] TiO,2F oF 1%9] ¥4, |, 7F=4, ¢FlE, e &
o] Fa4o] Z3HE UTh(Venator 2013). E171 ZAHEH 9]
A Z+= NanoEHS 2] L2 E-Z<? ‘NIST special publication
1200-2,3,4" 5 o2t B3 251142 (probe sonication)E
53l =851t} (Taurozzi et al. 2012a, b, ¢). =24 g
Al Zitdol] AeEE oURE AstA Aitstr] 9
of ZEEFo| wet @3 225427 (probe sonicator)
o] WS Ak AZHe] Aol w2t 500 mLo] 37t
Sl 2 HekE SA5t], ddo AHgdE g3
80% pulse =0l 4] 45,000 Jo] =@5h= o] A3t AI7HS
Atotedet. 23k 2|ek E171 ®4t o] S5t 74t
H4d2 SRt Qo Aekerd E4HAIQ] BSA (Bovine
serum albumin; Sigma-Aldrich, USA)E AH&-5F3ITh BSA
L a0 B3 @R BudaA el S48 u

Toxicity of food additive (E171) to aquatic organisms

AHE-HIT(Richter et al. 2008). BSAZF 371 27H4] A9
O] AMS BliA] W E1719] #4F PEAS E}Istr] flst
o] Zetasizer (DLS-8000; Malvern Panalytical, USA) 717]
£ o]&sto] FA<et4 217 (hydrodynamic diameter)
I} thEAF )4 (Polydispersity Index, PDI)E 735+t
A, 0.01% 2] BSAE A7t 2572 lE8iA] W
o E171& 715t & %‘fi‘ Z-2TA4 2] (80 watt, 114 59%)
=iz W E1719] fA s
| 275 ot Xl#g SASHAT ERL, oA

Lot =g o 2 B3R o] S X7} 2AdAA o o
St A&l H717} 7153 Turbiscan™ (Turbiscan LAB,
Formulation, USA) 3H|E ARgSEe] A|7He] 7ol whE
ZHIA] U E1719] 24F oFE/d2 Shelstltt. AldHEiA]
W E171 49 9] 7P OECD A|-2A] 31790141
A AlSkH= Option 1BE M85t oM, o] = B4t oS 2]
A Aol A7Fshe WRolt). ofuf, E1719] &4t <F
874, 24X7F o] 7 A o7 5o S st
(OECD 2021).

22 EHE/OIR EAY

E1710] AR ol WA= FF= S5k Sl 2HS
(Daphnia magna), AEe0 4] (Danio rerio)E A AEL=
Ad7gstalon, BF sh=aletd - B4 b ggrta+
2o A T Besa ARSI 2% S AE =4
AL 32 A71E9] OECD Al@ 213 (OECD TG 202,
203)7} r|=i2bE A o] A|AJSH= A1EH (EPA 20163, b)< E
= GLP (Good Laboratory Practice) =0l <=5H= A3
© & ZISY=|AtH(OECD 2004, 2019). BHE 3745744
-2 OECD AE8AIA 202; Daphina sp., Acute Immobili-
o ;qﬁﬂg].oﬂr,]- ZH]E] /\]oJ_Q_oH o ]

sation TestS HIE S J-&H2

Aol 100 mL¥ g2 &, F3} F 2447t o] e] EHES

|71 57HAA Y oiTh 48A17t] ke E 71XF ERF iEL
20°C, 571 800~1,000 Lux®] LHHgollA 16/8417F
(/e 2 fAstH o™, Hol= FgFokA] 3ttt
LE T8 AHNA AEERS 19z Aol
o, E9] E5-& "ol 6}7%‘% FotA] = hAE

YA AL wEetgler, olg =4 I9gH8 7t
ECy E52 9 8oz *Wo}‘ﬂdr A A2 BF
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Table 1. Test conditions for aquatic toxicity evaluation of E171

Water flea Fish
Species Daphnia magna(< 24 h post-hatch) Danio rerio (adult)
Duration 48h 96h
Vessel 100 mL dish 8L tank
Media volume 50 mL 5L
Number of animals 5 7
Media M4 Dechlorinated tap water
Concentrations (mg L™") 0, 6.3, 12.5, 25, 50, 100 0, 6.3, 12.5, 25, 50, 100
Replicates 4 3
Temperature 20°C 28°C
Light 16/8 (day/night) (800-1,000 Lux) 16/8 (day/night) (800-1,000 Lux)
Wiater quality pH, DO, EC pH, DO, EC
Endpoint Immobilization Lethality
Reference OECDTG No. 202 OECDTG No. 203

4REEO 2 YL iet o F F4 SEAIEH2 OF
A 203; Fish, acute toxicity testgE w=oFo] %
ot AlB2ta] 3 (Danio rerio)d] 735 37H2H AA|E At
SFRITE. gF §1o] 20 cm Sl AT ezl TR E FH|
Alggd= 514 7‘:17]'0]'—77— 7k =z0fl 774419 D. rerio s
&Sk AdEdS weshA] e 254 WS A
Btk 96417 Bt e ESkl o m A7t T3 HA
Shleh A&EA 02 F71E UG o™, 25+ 28°C, B
471% 800~1,000 Lux®] A¥HgolA] 16/8A17F("8/¢h) <]

ST 22 Yol gAY of7tr] A7 S
AANA R ZFF5E 0 H, o] F LCs =& SIS
2 A5tk 919 250l et e E3A
LE8iA] W pH, 8442 (DO), A7 EE (EC)
Sttt A EE == OECD AlAAIH 203004 &
stetEd =44 A =& 5% %] 100mg L
T2 FH|7E 231 0, 6.3, 12.5, 25, 50, 100 mg L™
“J5F3ATH(Table 1). OECD AlAAIF] 2032 3fet=
d B71e] Y eEFEE 100mg L7 22 A A[6FG]
71 o] o] Tk o9 slekEd o] AA| e ol A
75730l B7] wizofl o] Fk o/dellA sFetEd

[e)
198 BrkoHs 72 AAekA) ghrkn Awska e,
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2.3. "4EH Y ROS 57

E171°] &9 S8 &3 o7 AW ROS FAH

IAA (©2023. Korean Society of Environmental Biology.

dichlorofluorescein-diacetate (DCFH-DA)S AH&-514
Z745H3lth (Zhao et al. 2013). ROS 241l AHE-E E171
o kEFsee 9 =EAEY 2ot w0 44 &
274 3L OECD AJdA| ol 9] 2t s =& 31843514 100
mg L' o= *47310]'031'4' ROS #A4#0F ofufzt At E
g~ I a4 A 2 S Az wdy) e B AYESHA
SEolA BIHE S e H, BE kEAY
ol 5oz 2P ol £
g Fol AlaE dr] sl 74 871 A
5704 o= 3R AT F, e
AollA 0, 100 mg L'9] == E171
AEstAnt. WA, =AW ROS SH= Fd 295
< ATttt 150k, o F= 3ukE 4 7AW PBS €%
Hol| A et on, A F 5 protein 2 A&
£ ottt FEHE 4°C 270A 12,000% g2 2 30
S35kt 20 L] FHE
= 96-4 o] Eo] 7okl A-2oA 52 53t A5}
= 100 uL phosphate buffer (PBS)<} 8.3 uL2]
DCFH-DA _84/&-1 ,Q_OHQ_ 71— -C.l_ﬂoﬂ i47]-€|.oﬂ @) Dfl _-T_i_g."o]E
S 37°Ce] =AM 302 &<t A5k DCFH-DA
5] gl DCFH-DAE 10 mg mL™'9] &7} HE =
dimethyl sulfoxide (DMSO) &4l Zd7}ste] Al x5}t
&3 %+= microplate reader (Synergy H1 Hybrid Multi-
Mode Reader; BioTek Instruments, VT, USA)S Al-85
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o] excitation 485 nm®} emission 530 nm & Z45tct.
ROS 5T 22 7]5(100%) 22 FA| 54T

2.4, MRAER A UH QWAL Y HA B

2.4.1. Cat, Sod X UH £
E1719] =& ®7Ish] 9fsf AtetiEd 20 277}
e A Catt Sod®] HAFS SA5H3Th E1719]
< 941 ROS 247} Tt 20 a5kl Ofﬂ
il }‘:]' EHE2 157, o] /7= 3k EHE2 AN
1] £, olF= Atste] &do] Hofol= 1t (hver) =
o o—i wAzksto] AgE FHI6H EH 52 Zhao
et al. (2019)2] ATE w2t Car®t Sod2] Zato]HE A2}
5F31.2. ™, ubiquitin conjugating enzyme (ubc)= H|°]E
718} (data normalization)E I3t reference gene 2=
XA stc}, o] 7ol A= Aksakal et al. (2021)9] G4-E o+
2} B-Actin reference gene 2 2 Cat®}t Sod 2] Zefo|HE
A|2FSHAT (Table 2). RNA F&-2 RNeasy KitE ©[-85}
o] A|ZAHQIAGEN, LLC, MD, USA)°| T2 EZ-2 uje}
Y5t o] RNA Q] A=FE o1%l.or I (purity) &
LHEF= 2607280 %42 1.8914 2.1 Abo] &2 S =] ke
7} Z-2t2 =RI5kIth 5% RNAE SuperScript™ IV
First-Strand Synthesis System= AF8-5t%] cDNAZE /3

Toxicity of food additive (E171) to aquatic organisms

o}53.0 ™, A ZA(Thermo Fisher Scientific, MA, USA)<]
DREIS o1t 4% cDNAE GoTaq® qPCR
Master Mix= A ZAF(Promega Corporation, WI, USA)2]
L2 EZES W2} Zhao ef al. (2019)7} Aksakal ef al. (2021)
of Ao A Zeto]HE ©]-§519] Real-time PCR
<= g5t om, A= ZFH]= Mx3000P (Agilent Tech-
nologies Inc., CA, USA) %11 573 ®4]-2 SYBR Green®| %
ok Mx3000PO]1 A} QIR 7} & 41}91 sfi=l=Ad
tion curve)-< 5h+2] T (peak)E E 921, S-Z%H DNA
£ 795 SRt A3 mejo ]U1—4 g 24
o9} AA|ok= T MEE elskaint.

2.4.2. CAT, SOD :4 24

S 23} o]Fo] tiste] E1719] 2sf LS Ateia
Edflno] RAPETA S72 ASAEA L i 5
712l 4 vl CATS}F SOD F42] 848 E4519]
ot AA, A 7= Catt SodQ] 442 WA B9 FASH
o o g BHE2 A AAE, o]Fs ZH(iver)S thAt
o2 FAs}ste] FH|5ALt ©]F ELISA 71E AxAA

(dissocia—

(Cell Biolabs, Inc., CA, USA)2] 2] wta} Ag-S 3
St92. ™, microplate readers ©]-83 FF S-S 55l

CAT®} SOD &40 G2 ghelstgih

Table 2. Primer sequences used for amplification of antioxidant response-related genes with the gRT-PCR

Amplification length

Species Gene Primer Sequence (5'-3') (Base pair) Accession No.
Forward TTGAGCATGTTGGAAAGACGAC
Cat 139 AF170069.1
Reverse TGCCCTCATCGGTGTAGAAC
Forward CTCCCAGAGGTCAAGCTGTTT
D. rerio Sod 99 RJ807962.1
Reverse CTCCTCATCTGCTCCCGTTC
) Forward CCTCTCTTGCTCCTTCCACC
B-Actin 150 AF057040.1
Reverse TACTCCTGCTTGCTGATCCAC
Forward TGGTTCCGGGTATTGAGGC
Cat 133 GQ389639.1
Reverse AGCTTTGGCACGGTATGGG
Forward CTAGCCGTCATCAATTTCGTCG
D. magna Sod 128 JX456347.1
Reverse TTGGTGCTGCCTTCGTTCTC
Forward TCACCTGCACTCACCATTTC
Ubc 90 WFes0004602
Reverse AATCTCCGGAACCAAAGGAT
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—
2w
B ¥

L

I (ECso, 50% Effective Concentration)t 01—.1—
AF55 (LCso, 50% Lethal Concentration) AF&2
AA = 2 AoERE 5 8N }%

2O &2 CETIS™ software®] Linear Regression
§5to] AFESHTE ROS 24, AtStAE e 7
2 240 A, ti 2wt wte] Bl S 915f Origin
Lab software 2021 =2 138 AR5} - AHAS 519 C
™, p-3te] 0.05, 0.01, 0.005 BT FS-E A%

of

oL Jlil
| % orx o
B o tlo ot
i)

f
9

WE

3. 47 2 Y oy

3.1. Eie] 22fely S8 8l 24 g

”*1’5‘401] $TA E171 AT 285, o F o] kEulix
ofl Ztzk ZAE wf, Azt mhE =] ekl B4 o] HskE
%1‘30}71 Ash E171 FAI G A4} 2t A5E =
735ttt (Table 3). 24 23, =¥F7 of FleFuiA] W
E171 JAHe] mA k4] 217g0] 24413F F<F 288.8~303.5
nm HeA S, 2 Aol AH8H E1713) &
A AAE AR AR Aol ThEE, E1712 BY Y
2 me o] frdetEetzut A 47| (single particle
mode inductively coupled plasma mass spectrometry)&

ol-g1t AA7IRE ZHIM Fae A= °F 280
nm AT (Venator 2013; Ortelli ef al. 2021). =3t 32} 55
= W E171 &) Al Seb] 273} Aler dele 242
303.1nm, —44.2mVE X 1%t (Han et al. 2021). @t
A, 2 AtellA o] Ayt A8 AtellA B dH 32t
ST WolM el fAldets] 21733 fAbshy g3do] &

A

Aot2] e S Rlskoinh datd oz ¢ &
Aot &8 Hlof F=2olE YA e EHH, AFe]
ZAste} Hit &= o] 23} 4o 24-8-5to] {I=Fe] st}
S A "k o] 220l A} Ale]o] A 7]A bl
HE HaAA 2] S-S S7HAXIT (Garcia-Garcia
et al. 2009). 1Lt & Ao A= E171 YAHS] #4F oH
A& Fot7] ol BAMAIZ BSAE H7Fetel7] &l
Y2t 3ol Al SRt S A] Wi JAFe &
A qstA z A o] §-2]= Ao 72 o=
L&A W E1719] R4t A= wiA Y] SR8t =&

A7 7] BAIQlo] BF 0.24~0.25 HY | gfez =4
Aok thEat o= JAY] A EE UEidie AR
2A] 00l 1 Afe]o] gt Zh=t}. thEAt 21571 0.3 oI5t
ol A= A, 0.3~0.6 HRolA= SEAM, 0.6 o1
O] & thAtAl FEi9] ol'E 4 (emulsion) YA &
ofl &A= o] Ql3-& oJn|shH, gdvba o2 TiikA o
A U B2 o] BAF ot o] @45 7o 2 obex] 9t
(Yuan et al. 2008). WEFA], E1710] 275-29] S A4 E0)2]
oA BT TEAA PEl= RS, QA o8 Fito]
A= 2 ElskeiTh

AZte] 73] whE E1719] -S33 2 gelstr] 9}

3l Turbiscan™ “GH|E AH&-Sto] 7+ LZHl 2] ol A 4%
N3-S oretstat 24 FYAdS Turbiscan™
50k = Turbiscan™ 873 Z]4=(Turbiscan Stability
Index, TSI) Al5+& Fofl w7} 755k, TSI ghell o
2t AYRE D79 TE o & #AF e Ado] HokE 4 9l
TH(Luo et al. 2017). A*= TSI7H0.5 o]otd wo] GFo=
Y27} A7Ee] Aol whet m-e- QA o2 FAbES ©
njshe, o W Edog 748 Bt obg o] 7H4s
= WERATE 2447 -S4 ZF iEHHXl%‘ 171°] TSI

At A}, EHET O%ETHHﬂ oflA] BT AJZRO] Z ko]
w2} TSI7F 2t 1ot e

Z}7} 2.95, 2,098 5 HATo] &

o2
o
=2

Lo

|0
wu e

po =y

_IlN'

=

, 24X17t o] & S H TSI+
oFA S} (destabilization)

Table 3. Hydrodynamic diameter, polydispersity index (PDI), and global TSI grade of E171 in each exposure medium

Oh 24 h
Exposure medium 24 h-TS|
P Hydrodynamic Hydrodynamic grade
; PDI ; PDI
diameter (nm) diameter (nm)
D. magna 303.5 0.25 303.1 0.24
D. rerio 288.8 0.23 292.3 0.24
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7t A== GAE Snlsh=

EFHTH(Table 3). ©]i= 24A1%F o] %] E1
et E 4= AR 24 A3 AR = ZF e E ] el A
FgH o FARE §A1E 4 Slag oJnlRitt whebA
Atelde SGAIE AN 86 ey
FASH] Yol eEu A, WAF7)E 2441082 A

o Aled& sl

3.2. EHE/OR EMY

E1719] A HS A -2 3¢ AlRl7]5¢%] OECD A&

A% (OECD TG 202, 203)°ll w2t EHS(D. magna), Al
Bata 3 (D. rerio)E WY o2 242 £t EHE
] 7%, 100 mg L] s ollA 2o 35%<] §-FA 50 7N
A7y A=l om, CETIS™MZ E4H ECs 312 141.7
mg L' %} (Table 4). D. magna®ll tit TiO,2] =/gol ¥
St oitkro] Aol A 100 mg L ©14+2] 48-h ECso 4O
B E[Qlom, B AC] ECs 3 0|4 A Autel fAF
St ATHE HAFTh (Lee et al. 2009; Zhu et al. 2009). ©]
£ E1719] 37], F 9 k&7|3to) w2t =43¢ Jﬁx}
7} EAE &= AT, E1710] EH ] 542 vehd
Q122 AJAFSH} (Fiordaliso ef al. 2022).

oF LEAE Ao BE LEFEolA ARt
oleys NAIZF TR A] oFeket. A Aol =, T

AY2te] 7o) 30 nm ©Jske] Tio, Y d2A7F &4
D. rerio®1A] 100 mg L'l 0|2+ R kEFTolA A
A7 BEEZ] FQCH(Griffitt et al. 2009). E3F, FLet
TiOZ 100 mg L'9] =2 D. reriooll B717F &t =

Table 4. Immobilization and lethality of Daphnia magna(n=4) and
Danio rerio (n=3) in each exposure concentration, respectively,
and their toxicity values

D. magna D. rerio

Concentration (mg L™") Immobilization (%) Lethality (%)

0 0 0
6.25 0 0
12.5 0 0
25 5+10 0
50 15+£10 0
100 35+25.2 0
ECso or LCso(mg L™") 141.7 >100

Toxicity of food additive (E171) to aquatic organisms

ARAANA SAR S 2 FoJRt ke o] AEsFo] ERlx
2] I3k (Tang et al. 2019). ©]= A8} e = /4% TiO,
74 HiH BES Foll AU=HE avtos siEse A
o] FH o]f2 ZRIEUTH(Xiong et al. 2011). A F F
of et SAIFA EEH A% ECso2t LCso 25
OECD Al@A oA dsh= =449 HdE: 100
mg L& 2363t o] & Sof dAHY 249 A H S
AARolA Aot SA%E =E57] $l6l 719 &-5h
7 stekEde] tiRt SAIR AR oA A= i e
SEEE ok AdEEe] Aol Badks gelstal
o}, E5 AR 2 A A& aet 100mg L ©lst &
T 9] E1710] EHE 545 UEhd & Sl W, o]
ofl= 73 ]] =44& el A] G AS itk

™

‘42X U ROS B8

TiO, Y 42= &1} ¥Hg5te] sto] =54 2tz
(-OH)= TAA7IH, 52 8EH 414 (0,) 9 BH-5-51o
JJr*bkr;(HzOz)@r ZiH e} Zo]2(0,7) 5 ROSE A
Jote= Aoz AHA Utk (Brunet et al. 2009; Nguyen et
al. 2021). o]2]_t Bl A IAYSH= ROS+= Aol 743t
ASAEHAE FET 4 vkl EHA UTH(Proquin
et al. 2017). o]t o|F & ARIAE A0 A H] A&
Al W ROSE AFst7] flsll EH= of 7ol 100mg L™
FE9] E171S 22t 4813, 96413t B2t &S & A&
Al Y ROS AAES =T} HhLo“E} Ad A}, =4
9] 79 96A17F 53t E1710] =EH F Al W ROS
o] gteFo] hRIHT) 222.5% (1<0.oo5) o 75kl
o, o] F E3F295.3% (p<0.005) o S7FeE & 15kl
T (Fig. 1). @712 o= A5 53l Tio7F B=A W
oﬂ ROS= oﬂA—] o]—oq 61—/\]-§} H]—Q__,] ﬁ-oﬂ jai} DNA & _x_/R}
L Q2 EAYAE dhsjels S chopel EA1S guls)
10] %%HMD}(Federici et al. 2007; Lu et al. 2021).
ﬂ of 2w [101]7} [001], 25-F9] BHILZE

TiO, ‘/]’im;q' 247 % D. magna®l =E3
% HH AW ROS #go] tixw-7} Hlwsto] R FA A

2 Fogt o= SR Aol W E o, Tiool 9
& ROS A8/d D. magna®] 3 ol& 7Ho] Aot
A7} gkl vt IThH(Ma et al. 2012; Lu et al. 2021). T3,
682 nm 2] A48 A7 9] Ti0,7F 100 mg L] 5%
2 9617 E2L D. rerio®ll e EE Y2 o, thx2} H| Sk

N orr M
TN ) S, rl
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o] ROS &0 S7Fsh= Aol TE UTH(Al-Ammari et
al. 2021). oA H 2 AA A AMEH TiO, =2 E171
TS A9y A Aot FYsH ¥ ST ol 72 Aol

ROSE A5He B 7]ofa 2 1S Shelshsic,

FA=E0] Pibet A A’ 25, 4tAs T, pH, 3FotE
PR O:]E] T_ Aolzto] 93 T = ASIAEHAS 7
St Hlo A Alo|t} ole] A A ARSAEAS

600 700
*k*k *k*k
~ 500+ 600
% T
& 400+ 500 1
5 300 400
50
KR i
S 200+ T 300 —
2
£ 100 200
g
04 —1 100 E
T T 0 T T
Control E171 Control El171
Water flea Fish

Fig. 1. Reactive oxygen species (ROS) levels in water flea (n=4)
and fish (n=3) after exposure to 100mg L™ of E171. The red and
black lines represent the mean and median values, respectively. *,
**,and *** indicate statistically significant differences from con-
trol values at p<0.05, p<0.01, and p<0.005, respectively.
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E 15
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0.5 T T T T

Control E171  Control E171
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hloh= qtet Mol A Tl A g 4 0] 24
A7 I 5 a3 JHE S1e 4= 9lth(Valavanidis
et al. 2006; Yoo et al. 2019). 2240 211418} 2o
20 22 ROS= A=A W ASPAEHAE FES 5
R, o= A=A W AStAE 2 0] 1o 71191 CAT,
SOD®} -2 4itstas-o] B/4de ZX1%T} CAT+= per-
oxisome2] TFA G AR TASEAE 0,2 H,OR 2] E3
W Z21% 4= Itk (Brunet et al. 2009). SOD+= Z3H413}
o2& AAsH ] 913t Aa=A ZR7ARH 47 0,8 Ha
o} 0,2 #ollF 4 AUtH(Nguyen et al. 2021). CAT2} SOD

= gitA o g2 217y dAS A XIS Lol b
= ROSY &2 oI HEE HeT = 9

L FH T R

oL

[e]
9 gy

o il

3.4.1. Cat, Sod X} w3

CAT®} SOD @iteta 4 9] AtilQl R4 I

St A}, EWEO] A4 E17190] EH Al olA]
w3} Bl wske] 7z 2 44, 2,88l (p < 0.05, 0.005) 57 F5HSA
om FAHCRE Folgt Aol & HUTh(Fig. 2). ©l=gt 2
T= W50l E1719] &5 3lS of S 5 2=
Agatr] Qo T FAitstaso] FHAE pEAT
At A0 S SV = USS AARIT (Tang
et al. 2019). 579 A% E171 &2 A%t Car®t Sod
Azt 2ol f-ogt 2ol YehbR] ghghet Al At
w2 H, B Ao ARSH E1712] 549 eH 73 v
8k 400 nm ©]5}+2] TiO, YAHE 100mg L' == 74

N

%

—— Cat
18 1 m s0d

1.6 1

T
14 ~ T

1.0 4 T

0.8 4

06 o 1

04 T T T T
Control  E171  Control E171

Fish

Fig. 2. Expression of Cat and Sod after exposure to E171 in water flea (n=4) and fish (n=23), respectively. The red and black lines repre-
sent the mean and median values, respectively. *, **, and *** indicate statistically significant differences from control values at p<0.05,

p<0.01, and p<0.005, respectively.
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7t D. rerio®ll lrE5t3le o, tEw2} H|W Sk D. rerio
O] Tt A Cat 5324 A2 Z7VoAAIRY, Sod H7A7F
dolMe FAACE FofRt Hshe EEA] ottt 11
2y 5 Aol A 2717FH A2 oF 100 nm @] frA| et
2 2172 Zd Tio, ¥A+2] %%, 10,50, 100mg L9 &

E1714 3714 }Lgﬂl
1 Az o HApE =4

3.4.2, CAT, SOD H4 24

o] CAT®} SOD 849 B == % gt 754 E1719] =
=5 25 ¢ CATS SOD &42] &4do] 2w}

Hwsto] 242} 1.94H, 6.14] (p < 0.005, 0.005), 1F-2] 7%
1.98H, 38.98 (p<0.05, 0.005) S/t oH SAZH O 2
FoJgt ztolE ESith(Fig. 3). CATS} SOD 84 &49]
7k WS ol /7o Aol HAtetgAef Z it
=0l 2712 ¢] ROS7t B =22 <JmlRith. &, E171

o] EHF} o] FolA ARIAEAE FHGIY o, o]
o] HholZ-g.0 2 CATS} SOD fs B40] 371 Aoa
ALk 85 ol FolA Fatst §razte] Wo] Zvket
2] ARAT, o 77 E1719] 28] AISIAEFAE BiokS
< ROS A% 71t itstas E49 37Hs Bofl &

QIBIAT. ofele ATHe AEFel wret gL T
o Z7Pt BAHC 2 ot a0l PAnA] G
WAOE olofA|7] b 4 9IS olulic ey ol
T2, DNA st SFo] Whe Auhie 1Y
% gl Yoozt A T wAUFeI} Bud wigt]
5] glon], olajg ol 42 mRNA WHo 2 T o] %
0] BishE A ST 4 9l AL opd ZoE B

A (Greenbaum et al. 2003).

A3 Atol 2, 700 nm ©|5te] FA| s 2H4-&
219 TiO,E 24A1%t 8%t D. magna©ll =E532 i, iﬂLH
ROS &% CAT, SOD @4tata o] &/do] i £
i} Blwste] AR C 2 [OleHA FTlslalom, ]t =
A9 Avtel FAIt HFI-E HoETH Lu et al. 2021).
Sk, D. reriog ©]-83 TiO, 54 7ol =W, 600 nm ©|
sto] fA| et A7 9] TiO, & 2441t B¢ =532 o,

Toxicity of food additive (E171) to aquatic organisms
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Fig. 3. Catalase (CAT) and superoxide dismutase (SOD) activity
in water flea (n=4) and fish (n=3) after to 100 mg L' of E171.
The red and black lines represent the mean and median values,
respectively. *, **, and *** indicate statistically significant differ
ences from control values at p<0.05, p<0.01, and p<0.005,
respectively.

17 Ul SOD &40 g/do] thx} H|w5ke] 149.6%
2 ZIklg o, Bt 2 730] 25 nmQ! Ti0,9] ¢ 7HX
2] Y| CATS} SOD &4-9] E4do] 7+ 132.3%, 126.2% =
Z7Fok= Aol FRI=]SIth (Xiong et al. 2011; Tang et al.
2019). T2pA], E1710] A8 A A3kt UsHA 8=
of ASIAEYAE fiste] ARtEAE BRIt
A& gelatict.
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