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Abstract

UV and O3 are materials used in the water treatment process, and many studies have been reported

to remove organic matters, contaminants, and microorganisms. In this study, we were investigated effects of
Chirnomidae (Chironomus flaviplumus, Chironomus riparius), which are contamination indicator species to
exposure UV and Os for the survival rate, body color change and gene expression response. The survival rate
of C. flaviplumus exposed to UV decreased to about 70% after 24 hours, and C. riparius about 50%. There
was no change in the survival rate of C. flaviplumus exposed to O3, and C. riparius decreased to 95% after
10 minutes of exposure, but there was no change during the subsequent exposure time. In addition, UV and
O3 exposure to the two species in body color faded in a time-dependent. In the HSP70 gene expression, C.
riparius showed an increase in expression after UV exposure compared to the control group, and a significant
difference was shown 12 hours after exposure (P <0.05). C. flaviplumus exposed to Oz showed a relatively low
expression compared to the control group, and showed a significant difference at 10 minutes and 1 hour after
exposure (P <0.05). These results reported the ecotoxicological effects on Chironomidae according to UV and
O3 exposure. Therefore, the results of this study can be used as basic data to understand the effects of UV and
O3, which are disinfectants used in water treatment plants, on Chirnomidae entering plants.
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E£5E AY AG7HA =Ddts 7HAFA R B2 9t
S 23 glon up#to| wel UV-A (320~400 nm), UV-B

(© The Korean Society of Limnology. All rights reserved.
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/),
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provide the original work is properly cited.

— 430 —



UV, Oz =20 ME Zuto| YefS4six gt 431

(280~320 nm), UV-C (200~280 nm)2.2 Ut} A4
2 AN AFAETI} £ UV-C 254 mme] L o
&t glon &5 Yge UVY oy s njdE
of DNA W9 £t Aol B35t U2l ol gHr)
245~290 nm G- DNAS that F47} Eoul @714
% GO, A=A () ARl FFE Fol B
AJ ALt} (Tornaletti and Pfeifer, 1996; Matsumura and
Ananthaswamy, 2004). UVE ©]&3t &% FAH 2 1998
W olH7HA B BHL U 9l AEEL v
ofgt gttt A I, DNA Wy fEe s v
Age) Ao AATGE B o F Agol 2715
Sth(Clancy ef al., 1998). Os= FGAE o83 &
Holl wASlE #AEE AR AT 37 5
=R AY 2 o] §Hh Oy UF §7] &4
2 AASH= 9 a3 o] (Pisarenko et al., 2012), ©] £
of B A| o]} (microfiltration), 3+ o] I} (ultrafiltration) &
RO (Reverse Osmosis) HE |19 28 A|ASI= d ©]
Lecy B35 (You et al., 2007; Zhu et al., 2010;
Stanford et al., 2011). 3, 2L AHANA TS 55
%% GEAAOR A5AABHNA FE QL o)
AT Qort, AESHH Aol o Vel olFol A
A%-So] B H At (Kwak et al., 2020). 3], UVEF O;
= AFAAdA ol&ste dEAQ A5EHRE o] &5
QF A FAHE 7= 4 AE FAE Yl &85
3 Qleh meEbA, F 2 Ao Sdt 2wt o
A PAEE E FEo] HE A BaAo] iR
=

mRNA #+372= DNAY &3 RS AEs)
3HS 3= RNAR, DNA®] A A} (Transcription) I}
3] DNA ol FHAFEE Agsto] thafd 34
geh olERt £z AE AW Alzy 7]l o

gotsts BA BA7|eE 285

o o] &, oF 24 S GF wet BE Al Ax
£ Hole fARES 2EY A A% AR by, of
¥ 202 Heat Shock Protein $AX}7} £A]3tct. HSPs
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A B W9 olge Luggel wrgste] s}

TR, @ $4 olgol &4 B ¥EH AEH 2
= do] Hdlehs AR gEA Aok 2AFl net
HSP40, HSP60, HSP70 522 ZEEH, Z} f-AA}utct
A2 ThE 715oR vl 2ag At oge B
(Kregel, 2002; Martin-Folgar and Martinez-Guitarte, 2017).
metformin®] =Z¥ Fe A2 W HSP70 37 &
dol tizzof vlg] suf FUIeIReH, FEEY H =E
ol ukgt WEA| (Charybdis japonica)®] 7Aool A HSP70

AR o] x| HF S716te T ohdR A+
o] 2o H o (Xu, 2019; Koagouw et al., 2021).

28] & (Diptera) Z'@W=3} (Chironomidae)®] 43}
Chironomus flaviplumus®} Chironomus riparius~= %3
= ALt 2= BGARE A A olA A 2ste] A EA A
BRe Boote LA RFOE et Aol o] &
I Ytk 7|1E dF2E 555 (Cr, Cu, Mn, Zn)of| i3t C.
riparius®] B ® §AR} &d o] I EQcH(Kim et al.,
2020b). =3, 4-nonylphenol®] C. flaviplumus©l] 1A=
FF= HSP70 T o W3E s TH(Kim and
Han, 2010). ©]&J9] C. ripariusE ©|-&35te dFHTHEZ
(Tebufenozide) i & I, @& =Eo ©E A4 WA 1|
AEetaE S0 e SA9Y 271 5 d7s AHs
Astz ALz} o] F o] X1 Itk (Kwak and Lee, 2004; Kim
et al., 2017; Scherer et al., 2020). < ZATRE E3) 7}
Hom f8 30 wAHYLH, o 7S 20T
2 FHEUT ALY 25 45 YA Akl 2aE
o f3 Ao QR AeY o EAIZE AR A wAe
st ol S 2w 274 AR v|Hgt A
T A9 Fofoem Qs FEEUeH, ol et 7=
Az e Ao] EE Ytk (Kwak et al., 2020).

oA, 2 A7 SW A W AeASEd A
|5+ A5A UV € 0s& AY AMSER] C. riparius
o FW BEFQ C flaviplumusE =EAA 55
2 whs TESHT B3 A HdS S a5A

2 ube-g AwE ) o A 992

UV 9 0; =& i3t AE&, AM A3 wasigon
HSP70 §-42 S-S 2455t
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1. EgE

oo

U kM AFQ C. flaviplumus= A= oJaA]
AT A AR, 5] AAFQl C. ripariuse 1
ko A Eeftol ARSSkgict ©]%, OECD #& At
Wil wet Addistuold Ad AHSF AAE =
Aol o] &t AR 7] R 2% 25+1°C,
T 60%, F%= 5001x, FF7] 16:8 XALE AY3IH O
o AR M4 A E ©]-&3513th (Elendt, 1990). 3}
L 2@ (<63um)E FYstH o H o] Tetramin (Tetra-
Werke, Melle, Germany)S Zo} tjd &% 1714 & 0.5
mg day” ' FF3tch

oy ox fo
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4 instar larvae

N=20, 3 replicate

Test duration: 24hr (0, 12hr, 24hr)
UV wavelength: 250 ~ 280nm

End pomnt: Survival rate, Body color intensity, mRNA expression

4 instar larvae

N=20, 3 replicate

Test duration: Lhr (0, 10min, 30min. lhr)
O3 concentration: 0.5 ppm

End point: Survival rate, Body color intensity, mRNA expression

* These experiments were conducted according to OECD Test Guideline No. 233
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Fig. 1. Summary to acute exposure experiments using UV of O3 in Chironomids.

AEate] 300 mL S2HAD 20
MAY EFR BY3tGon, 2447 7] Yol A
4 250~280 nme] UV 3%
(G15T8-AN, SANKYO, Japan)Z B|# Atk 30 cmol]
A% &, A= =23AR T 487 52 AEsHS
300 mL 2] ¥AZ 207074 3§t o= 2447 HF A
oo, Hol= FFsHA &3dt

0; 3 APLL =28 OZTAI|E o]L3le] o=
AE SR FUE F, EELEZH7](DOZ30)E
o] 834 0.5ppmeE AR =& AY AL AR
213 s, PE&S A9 Wste} AZo|ES o]
&3to] ATt wkgol fle AAE AA=E Bdsto
& (Fig. 1).

3. X|2H H3}

C. riparius®} C. flaviplumusS UV 2 & =Zo| wzt
W 3lst= AlA @A n| 4 (SBAPO, Leica, Germany)S ©]-238}
o Wi 9 BAGIYG. B4 2ol Wt WY AN
Image ] Z2IL o] &3sto] HFFalsto], 2y} Al
WmE AWshc

4, HSP70 XX} 2

Total RNA 3% RNA isoplus (Takara, Japan)< ©]-&3}

%2, DNase I (Takara, Japan)= ©]-83}9 genomic DNA
£ AA}A. o]F, &3 RNAQ =9 FFE =4
317] 93l 1.5% agarose gel¥} microplate reader (Thermo
Fisher Scientific, MA, USA)E ©]| &34t} ¢cDNA 34
£ 0.5 ug total RNAE ©|&3}5] PrimerScript 1* strand
cDNA synthesis kit (Takara, Japan)2 83} th. HSP70
SAA S 95 WEA )R+ (nternal control)<
glyceraldehyde 3-phosphate dehydrogenase (GAPDH)E
olgataon, AR 2xo WE LA (90~120%)
A% F AdEL AYst4tt. GAPDHE HSP70 +3%
+ NCBI (National Center for Biotechnology Information)
nucleotide DBo| 55H FEE HIFo=Z AYo o]&
gl (Table 1). 432 2@ =42 CFX Connect™
Real-time PCR System (Bio-Rad, CA, USA)¥} SYBR
green master mix (Bioneer, Korea)S ©|83}o] 95°Coj| A
20%, 55°COll A 4022 403] AA|SFG T} 0] 2744 k]
< ©o|-83to] HSP70 A& AH o= Hustgict 3,
UV} O; =& wE HSP709] 43 Ud <= Heatmap
< ol-&sto] AlA3}sHgiT (Fig. 5).
5. 874 24

o ey |

Uvel 0; =& E AES] ¥-§ Azkel HSP70 44
A e At gist foAdE FAZLE wstr] el
R version 4.2.2 T2 1 WE 0] L3} ANOVA teste} t-test
2 BA5iqc A= AN HIts T W 4 AE §
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Table 1. Primer information used to amplify in this study.
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Gene Primer Sequence (5'-3") Accession number

F: GGTATTTCATTGAATGATCACTTTG

GAPDH R: TAATCCTTGGATTGCATGTACTTG EUS99991
F: CATGTGAACGAGCCAAGAGA

HSP70_Cr HM769899
R: TCGAGTTGATCCACCAACAA
F: TGGGAAACAGAACAACACCA

HSP70_Cf AB162946

R: TTTGAATGGCCAATGTTTCA

(A) (B)
C. riparius C. flaviplumus M C.riparius [0 C. flaviplumus
100 — 100
90 90
80 80
-
—~ 70 — 70
g 60 g 60
g g
= 50 ~}~ 5 50
2 2
z 40 z 40
@ @
30 30
20 20
10 10
Control  12hr  24hr Control 10min 30min _ 1hr
Time Time

Fig. 2. Cumulative survival rate (%) of C. riparius and C. flaviplumus exposed to different substances. Bars indicate the standard deviation
of the mean. Statistically significant differences are represented by asterisks as *P <0.05, **P<0.01 and ***P <0.001 (A: Chironomids

exposed to UV for 24 hours; B: Chironomids exposed to O3 for 1 hour).
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E Ao A+= UV O3 ko] W2 C. flaviplumus}
C. riparius®] FESHA H3H(PE2E L A4 #H3hel &
AutA (HSP70)E ©]-83 AE 2EHAE 2453
UVel =29 C. flaviplumus®} C. riparius®] FEE&L A
7t &R o7 A= Ao WEEULH, C. riparius
= FAA F94o] TEEHSIT(ANOVA P<0.05). C.
flaviplumus= UV =& 12A17F & FEZL2] W7} yer
UA] ekgkou, & 24417 3 70% 2 UET E3E

C. ripariust= =2 12X & 67%, 24X & 50%2 A
fHog F2 YEES ET(Fig. 24). 050 =&
H C. flaviplumuse =% 1A7 & AE2L A} L]—E}
WAl &}, C. riparius® 3 =& 108 & A&

o] 95%= A & FAEHULH, FAZHCE [T z]-
ol Ho|A ¢Skt (Fig. 2B). UV7ZE A&l wA= 9

Fe ZuT olslo] PAF, FHE 5E o s
A+7F A3 =tk (Licht and Grant, 1997; Rozas et al.,
2016, Table 2). UV filter]| =% C. ripariuso| A =
o] #3}l= Cytochrome P450, Glutathione S-transferase,
Multidrug resistance protein 1 §-AF9] @& W37}
Byt © o (Martinez-Guitarte, 2018), tH&2 UV-filtergl
Benzophenone-3 /8¢ gt thAlt) =& AP A 3t
20| FRYEFHO 2 ZASYTH(Campos et al., 2019). 7]
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Table 2. UV and O; toxicity test reference used other study.
Substance Type Concentration Duration Species Reference
uv Daphnia ephippia Nevalainen et al., 2016
100, 300, 900 mJ cm™? 48 hr Daphnia magna Rozas et al., 2016
UV filter Benzophenone-3 0.1, 1lmg L™ 24 hr Chironomus riparius Martinez-Guitarte, 2018
3-(4-methylbenzylidene) camphor
Benzophenone-3 2,4, 8mgkg™! 28days  Chironomus riparius Campos et al., 2019
Octocrylene 0.1, 1,10, 100mg L™ 96 hr Chironomus riparius Ozaez et al., 2016
Octyldimethyl-p-aminobenzoate
3-(4-methylbenzylidene) camphor
4-methylbenzylidene camphor
Polytetrafluoroethylene 0.1,1,10mg L™ 24 hr Chironomus riparius Muiiz-Gonzilez et al., 2018
2-hydroxy-4methoxybenzophenone  0.01, 0.1, 1, 10mg L™ 96 hr Chironomus riparius Muiiz-Gonzilez et al., 2020
Avobenzone 0.625,1.25,2.5, 5, 10, 48 hr Daphnia magna Park et al., 2017
20, 40, 80, 160, 320, 640
mgL™
Ethylhexyl methoxycinnamate
Octocrylene
2,4,4'-trihydroxybenzophenone 0.1,0.5, 1,5, 10mg L' 48hr Daphnia magna Han et al., 2021
3-(4-methylbenzylidene) camphor 0.2, 0.4, 0.6, 0.8, 1 mg L™
4,4'-dihydroxybenzophenone 5,10, 15, 20, 25 mg L’
0 10, 30, 50 ppm 10days Hordeum vulgare L. Maltok et al., 2022
25 ppm 20min  Bacillus cereus Sharma et al., 2008
Bacillus spizizenii
Clostridium difficile
MRSA
Escherichia coli
0.25, 1 ppm 13 weeks Rattus sp. Miller et al., 2016
0.2,0.5, 1, 5ppm 30min  Glyptotendipes Kim et al., 2020a
tokunagai
Z& AFA 030 =&H Glyptotendipes tokunagair= *7t ol8tglth (Fig. 3). UVE 0; =& & AN W3S A3}

o

_45_1 o]

Lt IR A

B2 (Hordeum vulgare L.)=

AEE

Z717) BEE Qe W (Kim er al., 2020a)
s BESof Fojsts 44

2?1 Catalase, Superoxide dismutase, Guaiacol perox1dase

o wrdol Z7ste] AE | 54 3
et al., 2022). o 9j°] AR, A T hFH HES

d&F& A Matlok

ol &g

A7 AP O (Table 2), UVE 03 29| Zufre}
22 AXRE digt A= vlvlstt. ZupFaks Uvet

0; 9oll= WEuA nd=d,

Z A
-(S.U‘i!—’

2% W3 Fol| it yejsAds A+t

T At} (Park et al., 2010; Park and Kwak, 2010; Park and

Kwak, 2014; Kim et al., 2017; Arambourou et al., 2020).
UVE 059 =29 C. flaviplumus®}: C. riparius®] ™

Hohe A JEH R F

A5,

& "k

A5He=Z 21

Fo| Mol FojA= A& &

AN
s

A3, UVel| =23 C. flaviplumus®} C. riparius<= A

Zto] Aol whet th2to] vlsf Jjilos ¥ gE =

Fom, FAH Fo4dol JJré}EJO*D}(ANOVA P<0.05; C.
riparius - 12hr: P<0.01). O3 =& & C. flaviplumus%} C.
riparius’= 2Z V)3 AhHoR o we ke wgl

o, A4 frolde] #EEUTH(ANOVA P<0.05).

b/d
=

2 W HA Hed

Zur7}

o gerE, Wz,

ote Aol slmIzle] EAfste] H24E wu At
2R g Ago] Hoju} ALt

g A= AEolth(Panis e al.,, 1996). & AT-ollA H2E
Zup 250 AN Wshe 2 o P

TEE Y HHE 2F o2 o]FshH UVet 059 AF
el &2 s FFE A2 A

SREEYYEA FABALEL Z2 R EEH =
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(A)

Species Control 12hr 24hr

C. riparius

C. flaviplumus

(B)

Species
C. ripanus
C. flaviplumus

(©)

= 1 C. riparius C. flaviplumus = M C. riparius W C. flaviplumus
o 1.2 o 1.24

E E

S 1.0 4 * * *g 1.0 - &

9, ok pe 8 *
Z‘ 0.8 “ b 08 "

£ 06+ 8 0.6+

.8 5

5 04 5 044

) )

3] 3]
,0’2) 0.2 4 .2 0.2+
Tf 0.0 - % 0.0

~ Control 12hr 24 hr ~ Control 1hr

Time Time

Fig. 3. Change of body color on C. riparius and C. flaviplumus after experiment. Bars indicate the standard deviation of the mean. Statisti-
cally significant differences are represented by asterisks as *P <0.05, **P <0.01 and ***P <0.001 (A: Chironomids exposed to UV for 24
hours; B: Chironomids exposed to O3 for 1 hour; C: Image processing analysis of animal coloration).
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Fig. 4. mRNA expression HSP70 gene in Chironomids larvae exposed to different substances. Values were normalized against [3-actin. Bars
indicate the standard deviation of the mean. Statistically significant differences are represented by asterisks as *P<0.05, **P<0.01 and
*##%P<0.001, compared to controls (control ratio value=1) (A: C. flaviplumus, B: C. riparius exposed to UV; C: C. flaviplumus, D: C. ri-

parius exposed to O3).

Z% Chironomus tentans+= hemoglobin 2 2}2] HH& o]
2ol vlsl Aastglen, ol AW sEI=yl o
Ao s T 5 Aol el EE it (Lee eral.,
2006; Ha and Choi, 2008). °]i, UV} 030 =Zo] Zu}
T AW SEIER 54 FFE FIS UEHH, o]
2 s AW A A3t feEs BT E3F UVE Os
o 54 9T 2T AZD DYT VAL ehfol
A7 | AE A BR2A THE Bk
Uvel 223 C. flaviplumus®t C. riparius®] 2EF|
&S TES7] 918 HSP70 fAte] A4 ddS
A%t A3, C. flaviplumuss =% 24X7F 30| |24 E
A or w2 YdS HYou SAZLE {3
o= YENGA] & th(Fig. 4A). C. riparius= =% 12A|7¢
fztof Hls) =2 ddo] BHEHoH FAHLR
o)t ztolE HATHP<0.05, Fig. 4B). 0z &4 C.

17

2 e [

N

flaviplumuse: ABE] hzzo] vls) e Fde wY
o =& 1083} X7 F= BARCE Goat HfolS
HATH(P<0.05, Fig. 4C). BHH | C. ripariuse =% 102
< HSP70 ¥ @o] tjzo] B8l &4 Yebgoy == 30
2 AT Zols Aoz @ BEdls Hylon B4
Aoz o3t Zol= YeEhA] 9kokth (Fig. 4D). 7|&0
ZwtE o83 HSP70 A tollA Bisphenol Al =&4
C. riparius®] HSP70 S A} @& o] AF8FE 1.2 ™ (Planellé
et al., 2008), AAQl Triclosan le&2 Q13| C. riparius2)
HSP70 £-417 o] thzzo] ¥a) 2v) Arere AT}
B 3751tk (Martinez-Paz et al., 2017). ©] % HSP A #}
= @ A8 ofYgt ed=Hof gk 2EH A v
A5t AR FAREA FAR Tdof| FFS T Al
X BHEo| a3 98-S 3tk (Song er al., 2006; Martin-
Folgar and Martinez-Guitarte, 2017).
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Control

12hr
uv
24hr
10min
1
O, | 30min

1hr

C. flaviplumus C. riparius

Fig. 5. Heatmap of relative mRNA expression of HSP70 in C. ri-
parius and C. flaviplumus exposed to UV and Os.

BrAgod AHEE gEHA 25858 S UV e

2 QI3 +AES it FF A= vlvlstth B3,
039 =23 R (Hordeum vulgare L.)&] A3 57
2} g W3t (Matlok et al., 2022), 059 44 &1 A7
(Sharma and Hudson, 2008) 5-°] A= S o1}, vhe ok
U BYA 22 nAdE AAE A A7 F2 o|F9
ROl 2B gat 9T Q75 vjua Agolnt 2
ATOINE H2HATY U §UL Ut TR 5
ABES WASte EEZ ol8EHIL e UVEY 0:F 9
&oto] 22 U AeA ) o DA 2ot E de
2 Ugd 5 e BARESE 93 gotstaat §k9l
t}. UVeE2 C. riparius®; C. flaviplumus®) JEE& T4
o} HSP70 F-AA & F7hol et F38s 2ok (Fig.
5). mebA, B QAL AeA gl 4% BHos
AR E= UV 037 Zut T GASAE O IF
< skl

q 2

UVSE O A4AY 340 ol gHE BAR $7]2,
°@BA U NS AR} Aoz

HAE FEolH AU AR FQ ZwE(C. flaviplumus,
C. riparius)E ©]€3ste] UV 03 &9 whE &L, A

A H3}E 9 5 oA (Heat Shock Protein 70) @& W
S48 AT UVel =28 C. flaviphomus®] AEE
2 24X & 70% FA3F LY, C. ripariuss 50%2 7
2384t 059 =&% C. flaviplumus= BE&2] W37}
Ao C. ripariuse =2 108 T 95%= 43R L
,O1F 3 A7 o 3L QUSITE E3E AA #Sto]
A T Foll g UV 0; =52 ATt YEFHoR H2
A o] Aol @ojR= AAE BESHTH HSP70 F-4A}
QAN C. ripariuss UV =& & 2o v|s) &
o] F7FstE o, e 1247 FolA {93t AfolE B
thH(P<0.05). 030l =29 C. flaviplumus= HZ2T-0l B3]
ddFozs e drdo] EE I eH, =& 1083} 1A1ZE
oA Fo7 ZolE EHATH(P<O0.05). ol &2 At
= UVS 05 k&0 o Zntof it Aej5/dsts 4
FE Bt wabs 2 A4 it AeFolA ol
25543 UVel 07 A 2 fYEe 2o

= TS BT = U= 7RAREA EEEH 5

o)

<

o
o
_E
)
i)
Az
>
=)
o
k=l
oft
i
5
ol
u)
ol
=]
o
ol
do
o
=)
re 1o o

3 AARRY), B Y eta SAE AT A S
TES),

MAZIGIE AEAA: 24, HuE: Fold, a2
B4, AFH] 5 FUA, B4 AT & DU &
A & BE ARAT: FAY & WA, AR Y
AE & AR & A & TB, AT ZPAY: AAE
& WA, A3 2: FAA, 474, 7
AE: FAM, WA, AU, PAE BE A =B

Aol Folstgla, suE

O[3HEA| o] =&ell= olaiTA T=2 AA7T 9=
HH| o] =82 AT AT A Y (NRF-2018-R1A
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