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Comparing Acute and Swimming Endpoints to Evaluate
the Response of Two Freshwater Midge Species, Chironomus
yoshimatsui and Chironomus riparius to Heavy Metals
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Abstract — The relative sensitivity of two freshwater non- biting midges, Chironomus yoshi-
matsui Martin and Sublette and C. riparius Meigan, was examined for lead, cadmium, and mer-
cury in water—only exposures. Two endpoints were compared to assess toxicity 48 h and 96 h
after exposure: Acute toxicity (50% lethal concentration: L.Cso) and behavioral toxicity (50 %
effective concentration: ECsp). For the behavioral toxicity, reduction of swimming performance of
two midge species in the treated conditions was compared to that in the untreated control. The
sensitivities differed depending on the species and heavy metals, although some trends emerged.
LCso values in C. yoshimatsui to cadmium and lead were always higher than those in C. riparius
with increasing toxicity, regardless of the exposure times. The opposit was true for the mercury
treatment. Similar trends were observed in the ECsy values. The ECsp values were always lower
than the LCs values in all the treatment cases (midge species, heavy metals, and exposure times).
These results indicate that the two midge species respond to the heavy metals differently: C.
riparius is sensive to cadmium and lead and C. yoshimatsui to mercury. Behavioral toxicity such
as swimming performance can be an effective endpoint for assessing heavy metal toxicity in
water.

Key words : Chironomus yoshimatsui, Chironomus riparius, bioindicator, heavy metals, acute
toxicity, behavioral toxicity
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I ek A P ALt A 3
oleh. 44 AR 498 FIEES AL BE D A

A Aol T2} 7ol A A AT 7A7)= ., A
27 (bioaccumulation)s £3l ©hE FEol} oA
Aok $54 oA Al S 71AE 4=
Aol Aoz, 7l=H, 2 Fo] &HA s ul=(US
EPA 1994)o|v} 2] (OECD 2001)2] 7% o|#3t 3<%
& F2 A2 2FAA ADAPRA =z K
Wz g A Al dAE T glow, 37 s F
7kel7] $1gt A&AQl RUEERE AL sl

g EAe] A A v FgE Friste W
Hoza 293 42 1 X (sediment)B o]F} A o

2 3AMte FGrlee “hﬁl} AZNES o] 4T AE
A W7} v e glt}. 0)3EA Frle YA 2L9EA
& 97|70l APz 337}?1 Ut Aol e
v, QB gYrhs AA el MAlskE AEE 2
Agtosyn 2 QEAe] A vA= WFEIA
g3 A7|Helx T oz HFrg & vt AA
o] BZtxe] AEIA FHr} uphge] iz JfEHe
gieh 2220 gt QYEA L w-e (Al 3o s Eoka}
o] zo] F)& AFE FFHo wet Az d2A4 Jebd
4 glom, w3t e JEAY F{Ho} Fro = &
o] o = vleld} (Milani e al. 2003).

2 GEA dat AEA L FA AAL 54 Hrke s
F 2 B4 AL FHI A% V2 Az &
43 4 9l (US EPA 1994), 7|7l 2 AHE 4%
4 glew, vlwA BA o] zhdslt gk, &S] P%F
W3g rjFEez 3 dF B4 Wbk AES A% ¥
7} Qubgez Apd olAe) ekt dze) Alde
Agew @ 34 B4R URT AAE 9 + 9
ot xE HRE 9ed A7 7 2E2 AFEE 1AL
qo) =] WEel Ash golsj el gl
o, =3 AU 54 e 5] oldel 43 vF
Age sgges oF Al Ak A}Y
2 AzelA) SHEste duh Aol JrAE
Hlwg 4 9le 72 A8z g8 7]&-3};}

Eisler (2000)o)] w2 7}=F2] AS$ AFdA B
G A ZQeAAA 58 2 FEs B cheb,
A AEA T P AR R ALY e
PhiE Aoz wwsideh ma WS4 ABAAA
dEFznlel FAE Aesta, Ffe et whge A
ol F+ 5 =¥ 73l G v Aoz o4
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7ba}F- (non-biting midges)= 3}2]E- (Diptera), Zat-7-
3} (Chironomidae)ol] &3}0, F4AefA 9] T HEZ
czAE A Ffh BT NS BRG AR
= dein Yok o2 53 2d® A $3F
on vehdeh w3 2uTE 26l Fol BRaA
geleta 2 oplzh ¥AAEIA, FAsA DelT
58 S4eEelA d2) AeTw dE AY A4 5
olt}. g)sta| A (Chironomus riparius Meigan)= 9]
AN mE 4 Al ¥E ASTE ARFERA
2984 UT F4 Akl Asdez olgHel o
9 A A wast gelstohs Aol o
(US EPA 1994; OECD 2001). 3115}, &Ai7b7) =) w}2)z
@3 DR AT QEA FARA @3 glem
i@a—a—%—i}ﬁ b
A

o _I-lJ m{n

e oot Agelch gt e 4 %*3337}011
49 + Y= = Az JrEe Ao AFH A
Holeh 39l 44 SA4H o188 4 U A
Ql ABEFo=m g AupzatualF (Chironomus yoshimatsui
Martin and Sublette)7} &84 glo}h (=283 - st
$872%3) 1994). QA|mkzAw} T OECD 7ol =}
Q14 54 Aol AH8E 4 Qe 275} (Chirono-
midae)$] & 2oz B 7%l om (OECD 2001), =& =+
W skl BeistAl 2xsta gl Aoz d¥A 3l
©}(Yoon and Chun 1992). Y-E-oj|*] Yamamura ef al. (1983)
7} Sumi er al. (1984)0] LAmpzATTE o] g3ted 7}
S 54 B A% APE S8 B o QA
A FAAA o)2e) AMS uhY B BEH B =4
A3 el Ao} oA ek

2 Qe Bae Fue) e Adshe 22 A
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Atk ol SAste] e 5% wF AL o] S3hel
W) FEe] UY 54 ee AR A5

o2 o] njmwAldds 3skgoh

rl

Mz o Y
L A e 2522

Aen FEO AT F4R RN ARY &

Alutzzn 2] st §-5-& OECD 7he] =2}l (OECD



100 DongHun Yoo, Jino Son, Hyoung-ho Mo, Yeon Jae Bae and Kijong Cho

Table 1. Preparation of synthetic freshwater using reagent grade

chemicals
Rez;%ne gtﬁ(?;ied Final water quality
NaHCOs; 192.0 pH 7.6~8.0
CaS0;2H,0 120.0 Hardness (mg L~!' CaCOs) 160~ 180

MgSO, 120.0
KCl 8.0

Alkalinity (as mg L™' CaCO3) 110~120
Dissolved oxygen (mg L™1) 7.7~179

2001yl A AR EF AN uPHE o] 83t AYA
el A Agate] 54 Adel olgsiolch AW A2
A 2 543 ARl o4 wlelE US EPA (1994)el
A AAIZF wl ok} (synthetic freshwater) 24 £ 24
(hard water)oll ]Zate= Aol wel Alzsled ARg3}
oJo} (Table 1). AH8-2 &= 20+1°C, A F= 70%, %
% 5001x @ FF7](16:8)2 =HH 7] WA o
Folg o, B FUT 27dA et 2
o} Ho]2E Tetramin® (TetraWerke, Melle, Germany)
< Y $37 05mge FFAL

axskzn el U Agel ol4¥ elveiga
T A7 Y SAs AN Eof ol
SAEzAn T e zHes AP WA o)
Agax de 392 ol gallnh

=

2 24 34 2 =30

B Ao Al4E FFE5 29EHLS W (PbCly,
Merck, Germany, purity >98%), 7}=48 (CdCl, - 2!/2H,0,
Merck, Germany, purity >98%) 2831 42 (HgCl,,
Merck, Germany, purity >99.5%)°]¢lc}. 7+ A8 oAl =
Milli-Q water (Millipore, Bedford, USA)el] 35S £
#H A7l EF:LN (CACL - 21/,H,0; 6000 mg L1, PbCly;
4000 mg L', HgCly; 100mg L)% Fwja}e] o] g-shaich

F34 BAE o]41 AutT iRl A AR
g JjAZezA B8] 798 =7 #9F 39F
o]Qt}h. LGB xFAF7] Aol AFel AT &
719} Fdg =)<l 250 mL f2u]A 100mLe Hl
Hg P 24AI7F FF AwFe] AL S He3 &
733 ANARRE A8t 5447t o) g8 AF

< Hrsrl S8 FAEA AES F9% v=T

tol A B-318k2] 748 FU3] TR p3Fe AnT

& 7+ Al 2 4842 2 96417 Bt =& AR
%, Q&3 ZAu7E 30vte]d At PE5A Bt
o o]-&-3kgirt.

7+ 234 3 o) sEET ZHE A F 14
Zt ot 49& HAFHAZ F, v]H R (camel’s hair

ole

brush)& o] 43}l ZAup+E 72 el gl F4shdct
olwf, == wiFA I Milli-Q watergE EFsted =
A skt Az Aol o438 wikdg fevA
o A7) Aol F7E FH3] FFE (FEALH 5
~Tmg L7 $F) 2& 712 F Aav) AR9A g=s
st 3, SAAYHA] =F 7)17F B He] T2 UK
o], wjoklS wAS}X] = 27 (static condition)el A
S8 stdrh =3 4B Fube HA43sh] $s) fEl
# 2 9159
Alotzziup 2 elste]z
A E9lslgon ofF 33| HhEo
sestgdet SAHIE =% 48417 W 96A17 F
FASA ) 2 FE5H (Fd5E)ez el
7vstedch 2w Abhe Jle fEgom AF3RE
29 gAde] A gl 724 33 ukE- Hrie)
o)A g o]4-3led A=

o
=
cmZ FAE F ARHFIE AA

>,O
4z
He
K3
o g
ich
>
o,
A
o

=41 A2 POLO-

5% (LCso) (LeOra
Software 1987)% o|-&3}9t}. 2+ 24 Azt 2 2w}
T E7F LCs® vl 95%A12) 77 35 v)mste] 3
7¥stgict. ube ¥ LCsogke] 418 F-2ke] ARtz A
W F LCoRhe $YT 7oz 7138155} (Robertson
and Preisler 1991).

8l =A BAS Haanstra er al. (1985)¢] A A& o}
A FAE o] &dte] MEFIE T (ECo)RtE FA 3
o},

C
Y= | +e®&—a)

7MY 2 AP ¥=E /958 (%) JeERiH,
CE Yzl #4953 (%)=, ax ECso(mg L")
< 212 3 Fhelw, b 7127]E JERIT X&
A7) FEmgLNE 212 3T Zlolw 4 H4E
£ u]A13 39 4] (PROC NLIN, SAS Institute 1995)& o]

ey
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g3t A= m'ﬁ FAsch A2zk ECsokel
H 2= FAE 24 a2 95% AFHFRE o] 43l

e

rir

2 =

Az T SR e F4 54

;] e

QA el g g gt FgFdo]
LCso3t-2 &, 7l=F, =2 o2 =9lc)(Table 2). 3}
Ft=He] 74 A= Al Adglel aA|wzAdu}e]
LCsogte| eTezurra 4 o @3 sl=F
48212k 9l 96A17F Aol QA|utzal-el 2 ue
wh7-2] LCsoM| &2 48417k A-$- 27 0.26% 0630]
gom 96x)7ke] AL 0365} 084o]giu}a~“1g 1A). 4=
A FlME 3 eI U2 .&Alﬂ}éi@w}%l
9] LCso%tel =imiejzdwtyre} i) dgton 1 v
= 48217 Ao 4.49, 964 7F X ]| M= 8.030]9]

Foole F 39 AwTI} FF4e] AT FASA B
gol hS olqe medFi Aol

w2z me FARALS Aol A7l Awglel
Sodd 71 wgter] Bgest FtEET ¢ 4
2 e AxE ¥y (Table 2). x&7]2ke] 48A]7k
A 96Azrez FAke FASAe BT Fbtan
o, eAvkzgm o] g FHSAel 2lve) g
a3 B ¥ol SR B3 Ah=E A2 A% A
2 A Flel e B4 FhES F AWT 5 2
14561 297991614 F7hstgl ok, Lol sl F7)
&2 gAvtzzwT-(12.01)7} 2ot} ZukT-(6.77)2] <
20} ol4olsler. o) Ak estelButre] wls) Lalv}
s o] R 429 S4o] w37\ B3 W
& vEhiz Qe

2A vtz o} sl Te) $F £4
H|

sAPl AT el An T Fase] e

Table 2. Acute toxicity (LCso expressed as mg L!) with its 95% confidence intervals of the two midge species, Chironomus yoshimatsui and
C. riparius, upon exposures to lead, cadmium and mercury for 48 h and 96h

Chironomus yoshimatsui

Chironomus riparius

Metal " .
LCso, 48h LCs, 96 h Ratio® LCso, 48 h LCsp, 96 h Ratio
Lead 44337 21547 1147.0 7922 1.45
(3850.9~5134.8)  (1763.2~2539.3) (898.4~1695.6)  (662.8~910.7)
, 7379 250.9 465.1 210.1 221
Cadmium (675.1~823.9) (178.6~379.1) (323.2~603.2) (143.8~265.2)
3.63 0.30 16.3 24 6.77
Mercury (3.0~4.6) 0.2~0.4) (9.7~55.5) (1.5~9.2)
#Ratio = LCsp at 48 h./LCsq at 96 h.
9 9
84 A — 48h B P8
E 4 7= 96h L 7
g
£ 6] L6
5 54 L5
O
~ 4 L4
2
SN L3
G 2 A F2
1 1
0 =, . 0

Lead Cadmium Mercury

Lead Cadmium Mercury

Heavy metals

Fig. 1. Relative difference in sensitivities of acute (A; LCso) and behavioral (B; ECsp) toxicities between Chironomus yoshimatsui and C.
riparius 48 h and 96h after exposure to lead, cadmium and mercury in water. The values greater than 1 denote that C. yoshimatsui is

more sensitive than C. riparius to heavy metals.
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Table 3. Behavioral toxicity® (ECsy expressed as mg L™1) with its 95% confidence intervals of the two midge species, Chironomus
yoshimatsui and C. riparius, upon exposures to lead, cadmium and mercury for 48 h and 96 h

Chironomus yoshimatsui

Chironomus riparius

Metal - -
ECso, 48 h ECsp, 96 h Ratio® ECso, 48 h ECso, 96 h Ratio
Lead 3755.7 1895.1 1.98 686.2 612.4 1.12
(3489.4~4042.4) (1711.5~2098.4) (515.3~913.8) (499.5~750.8)
: 447.1 201.2 222 304.0 130.4 2.33
Cadmium (393.1~508.5) (153.7~263.4) (176.5~523.5) (108.6~ 156.5)
29 0.2 17.59 6.4 0.6 10.88
Mercury (2.7~3.3) 0.1~0.2) (9.7~8.3) 02~1.1)
“Behavioral toxicity of each species was assessed based on the response of swimming activity to various concentrations of heavy metals.
bRatio = ECsp at 48 h/ECsg at 96 h.
5 5
A —— C. yoshimatsui B
4 C. riparius — L4
g 3 E
s}
d 2 2
1 1
O . . i - . 0
Cadmium Mercury Lead Cadmium Mercury
Heavy metals
Fig. 2. Relative comparison of LCsgs and ECss between Chironomus yoshimatsui and C. riparius 48 h (A) and 96 h (B) after exposed to lead,

cadmium and mercury in water. The values greater than 1 denote that ECsos are more sensitive than LCsqs to heavy metals.

TEAL = wWE f9%Y AelE o4t ECs
FTH()E o83t BAMEAT. 7]A ECsoke]
A 2| ol wiste] Zure] fod5H o] 50%7k
=& 9w|gc}. Table 20| A|AF FAH5A
A ECsok> F ZAutt F 2% i, 7l=d, 2
‘] E34} (Table 3). %%"ifﬂﬂq] o F Fe
g Al w3 7l=glM e ﬂJJrEVlJUJr:HP

"]U}Z@tq:ﬁi‘:]’ S FxolA AslE RRAR, 4

A FAAM = wid el AsrF #2FH G (Fig. 2B). =%
717kl we F3 t=ge] AFFAe wAE Q=
FAEAR FAtd o, 20 Ae eAvtzAn
(17.590)8] ZF7hgo] 2sleZdu+ (10.88v) R ¥3t
©}(Table 3).
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545 95 542 Aol
& JEe Lot PE 54& e
g 71

¥ 22 %3] endpointel] w2 A Hrie

Hg 34

xfolg AT RoY}(Fig. 2). 2 F-F4oll 4847 %
7t =% F LCso%t3t ECsote] W&
vehd Aoz Bol ANYE Hrh=
endpoint® AA3RE o oL gzt
£ 25 4 U 4847 =& F el e L@
ECsogke] ®&2 33 ’\i"ﬂ’ﬂ g zdayrt o 2

A et o), 96417 =& F vepts LGt ECso
#Hel ¥ A A FF5 BE eAntzAdwr) o
2 Aoz veldnh =3 A 7R FFE5 T a2elA

ER:hal
LCso%t ¥} ECsot] Bl &e] 7 & Aoz e

o] B%F 1
fed 9

= AO

ik

&

S A utzzw el st gdn s 25 Zutd
(Chironomus)e)| &3tz $ARAH 7} 71718 ZF o =24
OECD 7lel=alalo| A5 o] ¥ Fo] T =X Al
ZAFE 2= B1313 (0OECD 2001) FZ4o] o
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T BASA P seledel 93 W Aolsias

e AW R ARE B g
=Fo) A& wR=sl FAT 20 AsE U=
7F Aoz vt of#gt AeolE
o] 52 MAAMIt AYE AT F Fo A= 3}
ol AuE 4 & Aot

QAtzAmTE ZE LPEH] ALEHeR f4
He FFACAA (7 2003) HZ Az AW A}
£& A2Et Foz o@EAd W3t WA ez
ool vlE] g ez e 4 o 20039 AR
A day A s vlFY] sl=gwE
(0.005ppm)ut A2" HReoez BusPAN (AR
2003), = o=l spHe] BBl 4A FFoR
ZFF4o] EFAFe ez BaFHAS(FH A 1996
A 5 1997; & F 1997). webr EH &3} AP A
Aol MABER gl AaTel ZE AA FAFFTEL
A& oz FFgo xEFHe] gldn AR 4 ok
Groenendijk et al. (1999)] wlam FF4o)] 294 3}
Hol| 2|&H oz MA3a gl e z2u+ NA L+
2R o AL AR ws 23] 71z Fell
EX o] U F45E AASE &gl ¥ Hond A
o7 otadA glu}. =3 Postma et al. (1996)9] o]& =2
ol 3% Y Adu fA 2ol FFEel LG=HA
%2 AL vlE Ft=Fe] AW W& £l Ui
oHe ARde] #eld wl givh mEkA B AjelA 2
gzutel vl&] QAntzZduwe] e gt ol digt
T4 5A4e] HE T debd olfie sAmpzA
75 AR 4 FHA ddrt FFE5E 299
g LPEA 23 A&H oz ofis v Q7]
Foll o] el A7IZE MABIE W 2A|wfzAw S|
Aol 4 54 AFIMME FF5 =2 v F
s reRlesEle S AYE & U ol
TFH53t7] A, FE A AmpFedre A7t I
2F Aoz Ik

o Ag FAASA Y BESAAL A nzga
7} 2l gielzdulrel vls ol % RlztEle] o] & AJAX ¢
2ol 2 AH3tr) = o)}l 28y} Milani er al. (2003)¢]
A3 vheh Zo] & LG EA g JEA L vt
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EA Fiel vt Mz ga2A veld ¢ glexm
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A fAHA] dRR 2 544713 dske
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Alatzan 3-8 233 73] @ Fof f#3)
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Z@A ol vhofgt AFBEo| Miall (1895)0] s A=
2 "} glen, HZd &AL Oliver (1971), Pinder
(1986), 18] 1 Armitage ef al. (1995)9] <)) A= e
Taylor ef al. (1993)l] <)3h4, 44 AefANA Fo3
71%4 9 s Bs EAE AT e AuT
o] g7 FE sk ETEldur AFEA WellA
2] B4 A $ol¥ FAL A FYE AAE
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LCsoftsh ECso@t s AR 545 429 sd47F
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g R =st W ol T4 LPRAE T AE
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ZaTE YA RFOR o437 HsldM FF4& B
o] %1743t endpointid A o] wi5- F &7 HA UL AlAL
3k Q=
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(sediment-water system)ﬂ]/\i Z224£0] EAo] uh
arel7k iR vl £ 4 JlE vl AmE 2d S
s1& Zolch = A%l A, AFHA 2 AT >
FolA FRdel LAvizgn e Wa, ARt U 33
Sol wlAE e AreaA @ dels 1 Az A
52 29 4 9% Zoloh

Ab AL

el g 2 74 FAdRIEd ANS
R ARA oaAl el 2 AP B d7E
@743 AANAARA7 NI BRG] A
A Hoh AG ABAZ AL Q7] ALl o]
o 43 Hdsvich

¥ g
StZAb Q@ A|u}z= g}k (Chironomus yoshimatsui)2] Al
71X 240, 7=, 20 H3 FAEA ¢ A=
54 0% BE AY 2 A%NLRDT(C. riparius)
s stk 4847 R 96417 F¢ 43 =F
(water—only exposure)2 A7l & F 7}x] A3Ee] 6t
AR (LC) 9 AT 59 52 i G
e FRECOR vies ¥ 49 £09 Ao @
o ugteh. 7k B} ol Halel Al
sty zapgel vs F3 & i‘}i&"i%‘—%ﬂ] o
st QAmpzdurl o R whEE el
BE Ao LCsoft3} ECsogte] ®lge] 1RH &7
AFFERTE §9 8L VIEez AAIg FA4
P77 oS ‘?l%hl AAE Ads xF 770
FAEA A& AR AR xF 7|70 A5F
=4 2 554 =E A debge

{J -‘H

g 8L

O_u l‘lﬂl oX, _\‘l

e B4 FAATE=A. FEAAITFL 11T 182
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