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Abstract

Heavy metals resulted from the increase of human industrial activity are introduced into the

environment through rainfall and wastewater, and have harmful effects on inhabitants. In this study, we
investigated biological responses such as survival rate, growth rate, emergence rate and sex ratio, and morpho-
logical effects of mentum deformity in Chironomus plumosus, an indicator organism to evaluate pollutions
on aquatic ecosystem. The survival rate of C. plumosus showed time- and dose-dependent decrease after
chromium and copper exposures. Growth rate decreased at 4™ day after chromium exposure and significantly
reduced at exposure to relatively high concentration (copper 1000 mg L™") for all exposure times. In addition,
we observed that the emergence rate by exposure to copper 1000 mg L™ was significantly lower than that of
the control group. The imbalance of sex ratios showed at relatively low concentrations (chromium 10 and 50
mg L") with the high proportion of female and at the relative high concentration (copper 1000 mg L™") with
the high proportion of male. Furthermore, the morphological mentum deformities of C. plumosus observed
in the exposed group according to chromium and copper exposure. These results suggest that the heavy metal
exposure in environment may influence biosynthetic and morphological stresses of benthic invertebrate C.
plumosus, and aquatic midge C. plumosus are potential indicators for toxicity assessment of heavy metals such

as chromium and copper.
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#EEE= Cudt Cr 5% EEZE= E7HoFY Chaya 7ol
A Cro] 184~223pgg™, Cu752pugg o] RuEe
™ (Michailva et al., 2015), 2= dunajec A= Cr
224~3415pgg ' 22 £ w7t BAETH(Vignati er
al., 2018). A= AlZZE §9 sHHA Crt CuZt
27k 104 mgkg ™', 344 mgkg o] SR %o (Jeong er
al.,2016), A2t = HE} o4 QI 2 A Ho A=
Cr 26.68~5448 mgkg™', Cu 22.17~8238 mgkg 'O & &=
2 F2 WEEJTH(Park et al., 2019). ©o]¢} Zo] &
o HYE ) 22 HER 2=, A7HE ol AA
BB YA A -7H GG F710) %l e
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A A9 &olAd, B2 BEA T Aoz Qs 4
U Ado) o]g= ) (Park and Kwak, 2008). ZLol&= C
plumosus®} AUANS:- F Chironomus ripariusol| X 2%
2o w2 heat shock proteins (HSPs), cytochrome P-450
(CYP450) 9 2EZ A A FE FA2 IE v|wrt Bk
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X2 o]g&E 1 Qlt)(Dias et al., 2008; Park et al., 2009)
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C. plumosus 3t=718 #JZE A8 Crt Cu & 79
8 109717 2 =g 2044 AEFst] 109% 22
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2] &, CMC-10 (Master company, Inc., Wooddale, Illinois)
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Fig. 1. Cumulative survival rate (%) of C. plumosus exposed to different Cr (A) and Cu (B) concentrations (control, 10, 50, 200 and 1000

mg L") for 28 days.
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Fig. 2. Growth rate (%) of C. plumosus exposed to different Cr (A) and Cu (B) concentrations (control, 10, 50, 200 and 1000 mg L'l) for 4,
7 and 10 days. Significant differences are indicated with the asterisk mark at P<0.05.

4 k&0 ZotRY HE2E TA7F BEEUT (Park
etal.,2009; Kim et al., 2017).
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mg L= 04day '8 Holn] BAZOR it £FE02
2 AFE A8 B4t Cr =& 743 1084 = of
oo Hl3} FAE Aol7F YA ghgkeut Azt w
95| Pashs AFE TESI Cudll 497t =

C. plumosus= AAZ L2 2o HF B2 %
B9 om 1000 mg L)A1& 0.15day ' 2 7H Fe
ES 2k Cue® 794 1000mg L7'E A 9Jg =
oA iz} vt AAES HAoH, 1097t =
4 MAle % 24 AFE A4E BYoh 2 o
TN FFE 2o W2 C. plumosus BAEL A A
22 TFEQ 1000 mg Lo Al dzZel Hla] ZagS
Ik Cr =59 Af =5 4494 SAZLE &
%t Ha7t UE I (P<0.05), Cu =& Aol BE =
E AIZE 54,7, 108) AR CE [ott AaE HY
tH(P<0.05). F 584 5 Cu =29 C. plumosus 37 A
A& o 1A vetdS & & AT £, Cr Cuoll
2847 &9 C. plumosus®) $3-&& 73359t} (Fig.
3).50mg L™ Crofl =&H AL 79% ¢3-S HolH
CrieEd % 7P 92 $38-8 Btk 1000mg L' Cr
o =&d /AL 84% 8L Ko, 50mg L7'E
AQe BE &M 80% oY SIS WA
t}. Cuoll =29 C. plumosus= 10~200 mg L'l A] 90%
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Fig. 3. Emergence rate (%) of C. plumosus exposed to different Cr
and Cu concentrations (control, 10, 50, 200 and 1000 mg
L™"). Significant differences are indicated with the asterisk
mark at P<0.05.

o]44e] w2 $3hgo] BHEJ oY AHH e R 5=
1000 mg L'l A 11.7%2 F48 $34& 748 29
FEE2 BE AWE 9 Al E494kA (reactive oxygen
species)E WA 7Y, SHE 4= HY, A% Y
Bu|Ao] e g3 Foh(Maritim ef al., 2003). & A
oA THH Y AAL 5545 54 FFe2 HNE &
dAkae] tigt WY w3a ey 5 e o 2 Q13 4
=
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Fig. 4. The sex ratio of emerged individuals (%) of C. plumosus exposed to different Cr (A) and Cu (B) concentrations (control, 10, 50, 200
and 1000 mg L™"). Significant differences are indicated with the asterisk mark at P <0.05.

o}3}= metallothionein 22} W&o] 13} 100 pg L™ Cu
o &% C.ripariuso A 2] vl3] £ TS B
oln] FF4& A4 i Ladt WY vhe-& B Y ch(Park
and Kwak, 2012).

Cri} Cudl 28¥7t &% C. plumosus®] S35 7§A|
o] QHEIUE o] g3te] Au|E TASHATH(Fig. 4). 2T
2 AT} FA 9] v LA =R 0] 10% EA YErLt Cr
o =&% C.plumosus= ZE =ZFA 10% oo =}
o]2 Bgor 1000mg L™'E Au]e] zpo]7p vebtA] oF
otk 10mg L™ Cudll =29 C. plumosus= =R 2] H|&
o] 4% B = A Yebdou, 50,200 mg L' CudfiAls &
R Hlgo] A THEAY AR, Cu & F s
Z91 1000mg L7'ol =28 AXEL A2 Aul7t 3
&1 Z715te] oA Q] v LT 449 2}o] S HYch B A
£ B3l S350 =EHA ¥ gRTdM= Aurt ¢
Rol ARG 27 ¥A Yehvde AE A AT
Cr &9 B¢ AszoAe Julg vjgo] lo] o &
ot Aol ey 1 EoAMe dxea fog
Zpo]7F YebUhA] kTt Cu =& Aol 503 200mg L™
CudlA= A9 Bl go| 2F FolA 7l AHE s
ANE AR vlgo] FAXHSE FoTt 02 Hh
ato] Agu| meko] WS RIS 2 3 AEF
2 AW S22 A A" FFE Fol AE FHU A
2 §E3H}h (Hahn er al., 2001). 3], 242 Y3}
FA TE2E Bujeh Ag|RojEet e EuA o A
Al WS oF7| &t (Smida er al., 2004). & ATHOlA 4
& %%l 1000mg L' Cu e&72 474 H|&o] 54
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Table 1. The frequency rates (%) of mentum deformity types in C.
plumosus larvae following Cr and Cu exposures.

Mentum deformity

Concent{elltion Cr Cu

(mgL™)

MLT LT MLT LT

Control 0.0 0.0 0.0 0.0

10 0.0 0.0 0.0 12.5

50 0.0 0.0 0.0 0.0

200 0.0 6.3 0.0 0.0

1000 6.3 6.3 0.0 0.0

MLT: median lateral teeth, LT: lateral teeth

= Cu 29| C. plumosus 4] TH 2459 3 -
A FIFE £ ALS=E AgHL) Cus A3 =,
FAreE gk oyt Eopglat 2 i H| A &

Zto|tt, 1 EE Cud 1E: AV &
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w B2 o

lo

HZX
ge) ot Ju] REA| agah) 932 &
col9} v AnE FEE tEEol =29
5 (Oncopeltus fasciatus)o| A d4 ojAd<so] Tzt
(Cervera et al., 2005), C. riparius Y| T2 220 3
+ vitellogenin FAZ}9] £ W3] s st
(Park and Kwak, 2012).
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234t} (Fig. 5, Table 1). C. plumosus 3142742 %44
Z] (Median lateral teeth, MLT)2} 27] 2] $=X] (Lateral teeth,
LTE F4Er dx2ZolM= ste71d 713 o] IEEXA
geroy, Cr#t Cudll &% C. plumosuso| A= LT &
214 (Fig. 5B), f+4 (Fig. 50) MLT9| Z2}H3] (Fig. 5D) 3
glo] 7] o] WA= 200 mg L' Crofl =238 189
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Fig. 5. Types of mentum deformities of C. plumosus exposed to 1000 mg L™" Cr. (A) control: normal arrangement of teeth consists of three
median lateral teeth (MLT) and two sections of lateral teeth (LT), (B) broken teeth, (C) deletion type of mentum, (D) split medial
teeth. The white arrows indicate the region of deformity (A~D scale bar: 50 um).

ME 63%2] 713 0] LTo|A] &34 21, 1000 mg Lo
Ae MLT® LT 22+ 63%9] 7138&S 24t 10mg L™
Cudll =29 C. plumosus= 12.5%2] 718 &Ao] Tz H
%Att. Chironomidae®] st&=71d 713 WL 374 2Ed
25 Brists AREA o] & HY, Fa&, WEHA ue
EZ 5 ks 2EHGA g2lof tigt A7t R 9]

. 237 (2 4-dichlorophenoxyacetic acid) 0.1 ug L™'of| =
Z4 C.ripariuso) A ske71d9] A4 2 2=l 59 +
7718 0] A= Tt (Park er al., 2010). H2o= GE 10
psu®ll 96417t FoF =& H C. ripariusol| A 3t7]4 MLT
oA Ze el BRuEgich(Kim er al., 2017). ZTH= A
AL F FFAIZIE Aol AR St ot
€ FHA FA471F 0l AL 4 Uk olFE AHES
5 =2 9t C. plumosus 77& Fsh= 7194
o] ¥3kE UehliH 1sk Cr =330 Ask: Cu k=39
et e k7| A7 P ol o YEhES HoET

¥ 2

FHE 490 W4 B3 B0 fAHe] 44 4B

of fallst IFS £t 2 AFAME sHH AEA 2
g NE AWEQ Chironomus plumosuss S 2 32
I 77 =Ee U YEE, AFE, 3L, 40 Y A
EA w33t shev)d 71399 FEHE dFS TS
t}. C. plumosus®] AE2&E AEL 8] =& A%
OEAQ F2E UEith AFES 28 =& T 494
A2 8 =& Ao AdFer 1F=2 1000
mg L7o|A BE =& A7t Zraghe lstgich. B
1000mg L™ 78] =&oA] tiziof v3)] $-3hgo] F4
3] dadhE skt 28 =& A Aule AdE A
= A (103 50 mg L) 233 2e] o] wjgol
F7HAT 8] =2 Ao dHEeR 1F=2 1000
mg L7'oA] $=719] H]go| o] HA F7letes AulEd
& sk Yokt C. plumosus 31714 FEj 2 7]
B A7 Y o wEt kELoA TATS T
sklct. ol2|g A= 27 Y A FUol A
A5t AMRH2FEQ C. plumosus®] HESHE, FE| 2
S8 AEHAE ALY C. plumosus7t A2} 7]
< 5% 5497 UHsHA weste AxFLES Al
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A 49N & 719 ARAS: AU & 79 AR
2 A & 7|, A3 2k 9N, 9T 5.
YA, A, 9T w1y % HE: A, w1,
AT A, At 3 FAM BE AR =8
o] Aol TSI, E HFLES HESL T}
AEU.

O|3HEA o] =&el= olsiaA T&2 AA7} 8=

HAH| Y ARAL o] =R =AY FHATAY
o] 2P wop =3H AFY[NRF-2018-R1IA6A1A-
03024314].
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