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Contribution to Environmental Biology
- Compared to existing standard species, Y szeptyckiiis more sensitive to heavy metals and is a more suitable standard
species for evaluating ecotoxicity in high-humidity environments.
- This study uncovers the significant toxicological impact of these metals on Y szeptyckiiand thus proposes its use as
a bioindicator in riparian ecosystem health assessments.
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are introduced therein, thus resulting in varied adverse impacts on the organisms. The
present study aims to evaluate the sensitivity of Yuukianura szeptyckii - a species adapted
to riparian - to heavy metals following ISO guideline 11276, with the objective of assessing
its potential as an indicator species for ecotoxicological evaluations in riparian habitats. The
findings revealed that cadmium and copper both had significant toxic effects depending
on their concentrations. For cadmium, the LCso was 280 mg kg™, ECso was 66 mg kg™, and
NOEC and LOEC were 25 and 50 mg kg™, respectively. For copper, the LCso was 911 mg
kg™, ECso was 151 mg kg™', and LOEC was 50 mg kg ™. Comparative analysis with previous
results for the international standard species Folsomia candida and the domestic standard
species Allonychiurus kimi indicated that Y. szeptyckii exhibited even greater sensitivity to
toxicity values. The adverse effects on survival and reproduction were closely associated
with the influx concentration of heavy metals in their bodies. Altogether, the results
suggest that Y szeptyckiiis a sensitive species for ecotoxicological assessments in riparian
habitats, thus making it suitable as an indicator species, particularly in riparian ecosystems
that are characterized by relatively high humidity conditions.

Keywords: ecotoxicity test, riparian ecosystem, collembolan reproduction test, heavy
metal, indicator species
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B A Well A 2] 2191AQ1 sletEdo] AEolA mlAl=
54 FFE AAAY FAEA, A S o
2} ZefXIth(Nogales et al. 2011; Lee et al. 2021). A7t
A g2 Aol EQF AHA W] HolAkg YoM F
3t A A F3ch= A 5T AHA Fd=
(ecological fitness)E ©]-&5t] o] E BH7lol £tk (Son et
al. 2017; Lee et al. 2018, 2019a, 2019b, 2020, 2021; Wee et
al. 2021a; Kim et al. 2022). E=dw0F0] 2| HFE9] 7
T Aol FdEE 5442 doll wet 4= 4
Y (growth), A& (survival), 4] (reproduction)°l] 4
Al Gk wron, o3t A&t (life history)©ll 2

FIFE T= 5L E o], iAol g mA
U= 5H=EY s EYE 543 (toxicity value)

g
o}, Zo] AT AAEe 28, EYdE, EA
FAEH a4 o] SHEHY AEFEE
(bioavailability) 7} HSHA F o 2H Fe 7]4Ee] S-4gto]
A7 A= 22 AA5taL It (Henis 1999; Kebede
et al. 2021). o2t Ait= 3] FAA=E 247 A4
Aupet vhoFsta =, ohalet A Aol A Thefet AH A =
S AFES B a o] S-S Kol
International standardize organization (ISO)°I4= 1999
Hx o] EE7](Collembola)E ©|-gdto] EY QHEZ
of tiet E¢Fe] A& 7ok 71l E2kRI(ISO guideline
11267)& AZ22 Uk om (IS0 1999), °152 EG U
HoApgof| A nBEL] ZARL EoljAt2A] Fa et e
A91E 225t BEVE o] 8% 5% TEotal o]
£ 5oto] Al orgdS v 4 e B2 s E
FAotaz}; sttt o] % 2014 20230 &+ HE| 4A
= lew, Adutt S5 E7] (Folsomia candida)E EF
TOo g AZtE|o] o] Zho|Egiel2 dA 13712] tiA &
TE= X5t 14719] 5 o83 EFE=EEE
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1715 E7] (Yuukianura szeptyckii)= 1SO guideline
11267°] 2023d°] /G EHHA tiA] BEFo = FEHU
THISO 2023). ©] T2 7=, L&, Tl 5= Hemi-
edaphic $0% & 1} W2 FHA WA R= Fol
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ot AA7EA] A MAA S 2= A HeH S E7| (F candida)
7t tigtel= ol A= o2 SE 7] (Allonychiurus kimi)7}
AHEGE7HE S1Rt 7HE taAQ] o & o8& o] £
T} (Lee et al. 2019a; Wee et al. 2021a). ©]5& ©o|-&3 A&
AL LAdH BEoFo A =497l nidste] -8
SER|RE o] 52 4’0l AAISHR] =tk 2 Bk 4
A7 S 2o 2 o] ESF AHAA = HEo] 4t
ol 57329t Z-2 EF AHAICL A2 o EA4o b
BT (Mohan ef al. 2022). ¥ AE|Al= B4 11539
= 54o= stn, 11 44 75 HollM =57 SAS

2131 glo] 7]&9] ARbAQl AejA {32 A4 ALt E

Aol sttt Y. szeptyckiiv +3/3F XA A (insect
growth regulator) 1€ 54| =47} vl WS
A FL BRIE SR AL QoY HE BA4EE
A= A7F &Rt AAolth(Lee et al. 2018, 2019a,
2020).

AT A For QI EFedS Azt 42, A
o4, BAA 7S 7HH = A AAAQ FaEAE o
5] Atk (Singha and Chatterjee 2022). © o]
EF AHA el AV He S4EdE T T4
=49 TEE2 = BEY W T 49 st He
£ LAA7I=t, A Y] o Eet ofy et HolAke<
T TEEY A2 oA dFe mE 4 jles
& 1 =/3& 7otk ¢-2 ties] 251 (Koptsik and
Koptsik 2022). E¥ W 5% T 7I=%, 72 59 S5
£ FAEY AR AEN AdHorE U2 s R
ZAHARE FAR AT o] o= Qs HesHA
HiE = o] A 1 ol w5stal len] AeiA
EAohe BEE0IA AFFFE HA L Ut (Wang et al.

2015; Rahim et al. 2022).
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BE= BETET 2 ol AASke Y. szeptyckiiZt
FTa5ol el drtt YIRS AR 24 o] Fol

=
T oA ] FFE AE=A 7 o] Aetet 2E A
ER2AME 5 = 7Fe S HES
M Y. szeptyckii®] 7Y=RT 29 ZAFS
o] AW A4S AASHATE o1 BFFR! E candida
ot A. kimi®t B3O 24 £ S ol|A] FHE&] EF
Qo] S JES olsfist= Hl 7]efstaa} gttt
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Fig. 1. Pictures of Yuukianura szeptyckii. Adults and juveniles of Y szeptyckii on the water (A) and on a plate with charcoal as substrate (B).

Aol AHHE 7715 E7] (Yuukianura szeptyckii)
= 20069 7] QHte] SpdHol A A E F (Lee et al.
2016), A Adet o] =gt Ao o] AbsE
ofA grew oA E#H%—.L of Aei=gdst Aoy 7
Ateist s34 st AP A A fAI= L ek (Fig. 1,
https://sites.google.com/view/ee-lab, yunsiklee@pusan.
ac.kr, specimen accession number: PNUCOL002) (Wee et
al. 2021b). °] T2 FEL Wl A FH242 Holrprh 4
ol = et & % e AS-2 15914 2mm
3712 A=A AR ALS Lee et al. (2016) 9] HS X4
Stof 2= St Z_P%Fﬁ}ﬂl Argstd, A2EF 71€ 1mm
7|2 4% 10% Sphagnum peat, 20% kaolinite clay %

70%°] BHE 55t g6t JFEGS Axsinh
EF s g o185t 6.0+0. Si ZAskelet
(OECD 1984). AlZ4 6 g°] OECD U-FEIT 0.5g9 5
F8 Y2 HEIHA (AE 60 mm, =°] 15 mm)°lAl
AHSS Zl3gotel o, Ho| 2 tiSE Brewer's yeasts A&
SHATE. ofwl, AREHE2 25+0.5°C F27]0A dx2E
A FoAH. Aol gaet FAt AF ] A5 4V
fl5te, miF Fdt Aol 4Fol ¥ & me AEst
of Mz vzl &AFACH, o} 5 28~30L0] A
oS Ao o] 85ttt (Lee et al. 2020).

22 NYER

FtEgd 29 &2 954 Cadmium chloride
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hemi (pentahydrate) (Sigma, St. Louis, USA) % 4 Copper (I1)
chloride dihydrate (Sigma, St. Louis, USA)= A @0l AHE-

T8 e AAGEUTE =& EY UolA 60% T
H-f -8 (water holding capacity, WHC)olA] £33 =2
2, H1 Fko] sfdok= stock N2 AP HHE T
of BA SRz 3AE ]I olu W= HIE %t
E W9 7tEg9] F7F ZH2) 25, 50, 100, 200, 400 mg
kg™ soil dry wt.o|H, F2]9] F&+= 247+ 50, 100, 200,
400, 800 mg kg™ dry wt.7} =] =5 A 25}

2.3. Yuukianura szeptyckiig 0| 2%t MEAN

Y. szeptyckiis ©1-8% HEHE-2 1SO 11267 7Io|=
2hel& ol-gsto] 4B E AT (IS0 2023). Ald=2o] o
& 5 B AR Al ol mlAE Fd= BT
St7] 913 284 WH=4H7HE A
< OECD S{ISEFe]A o]F &igu:] EO‘FQJ LY.
szeptyckii®] At A AR B F AT EF 30 goll
7} ko nlg] FHE Alg-8ds M7 Aet 32}
SRS 7R 272 FdsH Aol F3leH o]
ojjo] EQFO] i oS EYETF(WHC) S 60% =
FE ek 24 AT F djExwe BF sHEE o 7 FH| N
AUt 22k Ald-g-7]npet 20”}314 35 (73t ¥ 28~30
o] A1) Y. szeptyckiis AEI T, 25+0.5°C F27], &
Z70A W= H7HE AFstde BEY 420 &%
< 32 SRR W5 HE6 020 9ol 2= Brewers
yeastE ATAICH Al Eotoieh. W= 87F S5 § Aot
g ”%HL 59 45 Attt SHHAE § 4ot
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2] HA] flofl 24413t B2t Fo] EEES Al
57]%% THA] Z5eel] A2 5 1) T7ﬂ% =4

A 18|31 70°Ce] @EollA] 24417 5
‘3}. Y. szeptyckii—J AxFEE nAARS 53l =
(HR-202; A&D, Japan) 1 mL2] HNO; and HCIO, (7: 1
v &gt golidof W1 100°CoA] A3 FEEE wj7hx
ASIAZATE 28} Sof| Y2 ZrolEE52 2% (w w ') HNO;
off 8aMAIA Y. szeptyckii 9] 7t=g1 T2]9] 55
ICP-MS (Varian 820-MS; Varian Inc., Australia) B2 A
4oto] 451 (Son et al. 2022).
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o 32
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A2 SAS 2nEo] M 9.35 AR5}
of 3= O™ (SAS Institute 2011) F2]5F 5%l Al
AR AT AUSEE T dYEAE4 (One-way
analysis of variance; PROC ANOVA). 2.2 H|W5}3] O
A2l o] Fofet FFol UErd 739 LSMEAN &4& A

-&5to] Tukey®] HSD AFFH7 0] 4= QAet. A4 AP
9] 50%= %‘27] %% (LCso)= Probit £4-2 53
AN oH, 5 A 50% A4S Bo7l= T
(ECso)= Haanstra et al. (1985)°] A2t 2 2| A g wHloj
HloEE A A FHE U o] HE2 Eq. 17+ Zo] &
Ak

l

c
[1+exp{bx(x-a)}]

y= (Eq. 1)
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A71A y= F5 & xe A 2 A 27, 4= ECso
O AA 21, b= ]E | w7 $g=olm, ci= 2] b
AAkaeott, 9 FE I (no observed effect concentrations,
NOEC) % A4 95

tions, LOEC)E #4HE4 (PROC ANOVA)S A8-5t0] &
AE|QOoH, 11 % Dunnett®] AAE ARgoto] HAE &
T 7te] Atol & E2lotith(Allison and Allison 2005).

&I (lowest observed effect concentra-

3.1. 7tE g} e MEH ¥ AN

7YEgEol tigh THe=AB7t B3} Y. szeptyckii®] 8
AEET 759 Aol o8t = EXth(Fig. 24,
Table 1; df=5, 24, F=54.65, p<0.0001 for adult; df=5,
24, F=125.02, p<0.0001 for juvenile). AFY-E-> 200 mg
kg'o] A FEolA it AR FOJ7t Aol
£ HOom LCs - 280 mg kg ol FF A
2 50 mg kg™' ol FEOA xR SAHCE F
ofgt 2po]E B O™ ECs @ 66 mg kg' 2 & LIE
WTh NOEC®t LOEC #4=2 217} 25 mg kg™', 50 mg kg™
© 2 UEH T (Dunnett’s test, p<0.05). 2]l tHet §F
A=Y A JA] o dFS HA (Fig. 2B,
Table 1; df=5, 24, F=5.09, p=0.004 for adult; df=5, 24,
F=40.13, p<0.0001 for juvenile). AF&-E-> 800 mg kg™
o] A7 kol iz FAH R FoIgt 2ol & B
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Fig. 2. Numbers of surviving adults (closed circles) and juvenile production (bars) of Yuukianura szeptyckii, along with standard deviations,
after 28 days of exposure to cadmium (A) and copper (B). Asterisks indicate a significant difference from the control, as determined by Dun-

nett's test (p<0.05).
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Table 1. LCs and ECso estimates (mg kg™"), along with their 95%
confidence limits, for the effects on the survival of Yuukianura szep-
tyckii after 28 days of exposure to different concentrations of cad-
mium and copper. No observed effect concentrations (NOEC) and
lowest observed effect concentrations (LOEC) are each estimated
using Dunnett's test at a 5% significance level

Table 2. Internal body concentrations in mature Yuukianura szep-
tyckii after 28 days of exposure to cadmium and copper. Each
experimental concentration was grouped using Tukey’s method.
Different letters (a, b, ¢, d) label the respective groups

28 days LCso 28 days ECso NOEC LOEC
(mg kg™") (mg kg™") (mgkg™)  (mgkg™)
Cd 280(172-258) 66 (57-75) 25 50
Cu  911(-9 151(109-209) - 50

“not available

HH(p<0.05). LCs 22 911 mg kg ' © 2 =8 H]5]
w2 =48 Btk MAE-2 50 mg kg '] A Fmol|A]
22T FAH R Folgt AfolE B oM, ECsy A
151 mg kg ' 02 UEEITE NOECE &2 542= <l5)
S ARl A A= A] ko™, LOEC -2 50 mg kg™
© 2 YEPITH( Dunnetts test, p<0.05).

3.2 HUEHSE

u) %S

e
oL

57 B2 Y. szeptyckii®] WOl S4H 7=
2] 9] G2 Table 201 AIA = o] et 7H=82] 54
2ol A= 0.33 mg kg 'Ol %At ©]F, 200 mg kg™
o] BESF A s/ o5t kst e (df=6, 11,
F=145.02, p<0.0001), 55| 200 mg kg™' ] EY #2] &
LoflA 27.47 mg kg ol 7HE 2 AUFA =S EHATh
o= thxtol HIoH 834 2 Fkolth 400mg kg FE
ANA= FolRt AEA 5= F71H HolA] Zsi=d|
ol FAo] T2 R AF MA ] AFToR QlIte]
vrehd Aot 2o AWS A5 s tETol = 7.34
mg kg "It °o1F FL7F FTkeel whet FESHA
oIt S/ H.2m 200 mg kg ' 0] EF A& FIollA]
HE t 2y} f003 2te]E Kol7] AIRETHdf=6, 11,
F=175.35, p<0.0001). 800 mg kg'2] EF A& ko
A 28.36 mg kg™ 2] |t AWZ2 58 H3om, o=
iz sk off 3H) o]3o] SAEEUS S

A
&9

=)
2k

A=)
[e]

o
-

4, n %t
2 A= 20239 1SO 7tol =2k 1126790 Fetol=
a5 B2A4 PHES A8t Y. szeptyckii®] AJE
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Cd
Concentration Internal boldy Standard
(mg kg™ co(ncenlérrzfgl;)n deviation
mg kg
0 0.65° 0.02
25 6.51° 0.02
50 9.88° 0.70
100 15.65° 1.58
200 31.60¢ 2.63
400 28.07¢ 1.38
Copper
Concentration Internal boldy Standard
(mg kg™") co(ncenlg[rz?'gl)on deviation
mg kg
0 7.34° 0.19
50 8.69%° 0.19
100 10.17% 0.46
200 12.10° 1.77
400 24.92° 0.53
800 28.36° 1.37

Hol=2] F7lsh= doll AU Y. szeptyckii 58
of AAlste 54 7L 9lem, ol 7]E9] 44
= EgolA AAste 258550 tE AHA E4S
LEPATH(Lee et al. 2016). 2 A= ©]2 ¢t xfol7t HE
A7 Aol oB FF2 mE 4= UeAE ok
54%7= A5 2 759 S el dist F
T50] B2l FE B7koke ol S Tk A 2
I, 7EEE 2o Fet S7HRtel wet Y szeptyckii Ui
oSl TE& A = QT FAEA FFo]
Ak olet A= FE50 AE=A0] Y. szeptyckii©l
e A Ao w2l IS FESHA AARI HE
of, & AA+= Y. szeptyckii®] HEE 7122 I1SO guide-
line 11267014 AH&-=l= ¥EE%] Folsomia candida®t
Allonychiurus kimi®t |0l 2A5HIT) A, kimi®] 749 2
A ATE B SES] WA Tor AFEH gHoH

N
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Table 3. The LCso and ECso values of other standard species, Folsomia candida and Allonychiurus kimi, exposed to Cd and Cu under various
experimental conditions (time-scale, temperature, and endpoint). The range of the 95% confidence interval is shown in parentheses

Test species Time-scale Temperature Endpoint Toxicity (mg kg™") Reference
Cd
F- candida 28 days 20°C mortality, LCs0=893, ECs0=227 Crommentuijn et al. (1993)
juvenile production
A. kimi 28 days 20x1°C mortality, LCs0=190.1(28.3-139) Son et al. (2011)
juvenile production ECs0=60.0(50.7-71.3)
Cu
F- candida 28 days 20°C mortality, LCs0=2,141(1,564-2,542) Scott-Fordsmand et al. (2000)
juvenile production ECs0=994 (591-1,208)
A. kimi 28 days 20+1°C mortality, LCs0=1,5673(1,351.8-1,974.9) Son et al.(2017)
juvenile production  ECso=277 (213-358)
7Zt=w ol diste] B 548785 5 7P 1 FEHEO A 243 Hole A2 gkl olF
& Fo= BREIA KIS0 2023). A. kimi®] 7% 7} §F At Aoy FA Ao 2 dHHA Q] EF SR
E59] ECso @ 60 mg kg™'©]™, 2] 2] ECso 74> 277 o 2 @] w2 &80 H5 At A BmF o= A
mg kg™ |t (Table 3). Y. szeptyckii® A3}t Hl w6}l |2 7 ASS YRRt WA, o] T2 E-83t =4
ol 7tEw2 Bl el E, Fes US Ut des 7F AFE 55] 2 ool 2 30049 A=A
LFERETE o] HIW oA Y szeptyckiie 7HEg2 2] of] o 7ol Qlol wi-- ofn] Q= AAE Aled A2 o FHrh
S H]ZshAY B wiet vhe2 Bl o =M, Sa4 AH olfgt AF= EF E 1 AuiAY] 17d 57 2 e
=371l oI M= BEFTORA 7HsdS HolF of Jlol T2t 7S & 4= Qlom, & Ho B & 7}
At ol Avk= A=A URE0) thekstel o 3 S AHA T E AR A Aol = ko] F Zo|tt,
7hol A ol 71o4e 4= S Ao 2 ZdiHr
2 AFoA = AFA R thFA] Ak . 5 A =
_ = = - . = —
szeptyckii7F TFFSE SFetzE4of tigh =43k HlolHE =
Aoz Fast Aoty 725 7 & S Al ISO guideline 11267 T & A-FoNX= Y. szeptyckii
AR}, 71E8] AFE2 25, 55, B4 9 f71E o £ &8olo] Zteg Feof tiet v AEi=4E7HE

J} 71—0 U/\H‘jxq _QLOL]%o] Aﬂ%xﬂg] /\H‘j 0;
S vtk R A5k ot (Ashraf et al. 2014; Lee et al.
2021; Patel et al. 2021). ©l+= &2 F& 9 ed=dolzt
T T1710] A-gx= A Al whet gl 2t o s
< ojulgith, Sal, B9} ) 42 geke ARAe] 447
HEA o] Q5 IS n2 @48 =40 gish Y

R

—r‘

A 52 1A FFE = 4 Ath(Lee et al. 2021; Patel

S
et al. 2021). & AT Q] Y. szeptyckii= H 73
of Aotz Fo=, =2 Fkol AZH Folth(Wee et
al. 2021b). & SAFoA = BHE BEFT S| YHHA o2 AL
235}= EOJ 857 (water holding capacity) 2] Z|tHgt<]
g2 SPson, olag Bl o #

Ptk A A, Y. szeptyckiie 7H=ET F-2lof] of
L2 UAEE Hol IS0 guideline 1126707 A 7]
BZFE7} 028 Fold 2vke tehich 53] 7]
o oA 712 BEEHT} o YIS vkeg

szeptyckii7t 5 H ST} o] 2 EOJ SR ﬂag—«%

A 24 AAGTE HE 1T o, o] T2 o
S 2 7H R AN FE5] Aes
ol glo] ZR L o 5 e AARIE. o]
A= Y. szeptyckiis AJHS

she ) glo] 4hA9 7)ol

T 9 23 A ol et JHE ATT AR V]
.

rPN 2L

o
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N 9

AR AE AAEolA e oheFet ¢ =
AlgstH o] AR ol 235k Aaqto] AE, 47, A
Alshe s A Ao AolrtA "ot ® e
BEASE AR AT eletado] Aafa
(bioavailability)°ll ZA] ¥ v|A BE=0] v 74
2 JeFol AR thE & At 2 Aol A= BEi=AdE 7T
o 23}et 18O guideline 11276°] 54B7t HEF 5 E
& Al TRt A A 21 F e AR AN AS
Sto] Aol7h= Yuukianura szeptyckii®] a4l tigh 3
7F IS Selsta 1 AR Sa4 54387t
FTO 20 7H5/dE ERlsk= o itk At 7t
T BF o] tE FoRt 549 Btk =R
9] 79 LCso 280 mg kg™!, ECso2 66 mg kg ™', NOEC2F
LOECE 77} 25, 50 mg kg ' O & UEfton o] 74
ol LCso 911 mg kg™!, ECsp> 151 mg kg ™', LOECE
50 mg kg 02 et 719 A #EE2] Folsomia
candida®t =HEZER! Allonychiurus kimi®] ©] A}

of mwale B WgE =ARE BEon, ol Az
T} Alo] wlAs R e Aol FE%e] 49
o} WA IS AT Y szeptyckiis S5 o] =
© BoFolA F24 A=A o) et Fo et
dom AHoR o SEE B TPsAo] we S
AEA] K ARSI 0 8 ALgo] FFsd Ao

& Azrect
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