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Abstract

Intertidal mud crab (Macrophthalmus japonicus) is an organism with a hard chitinous exoskeleton

and has function for an osmotic control in response to the salinity gradient of seawater. Crustacean exoskeletons
change in their natural state in response to environmental factors, such as changes in the pH and water
temperature, and the presence of pollutant substances and pathogen infection. In this study, the ecotoxicological
effects of irgarol exposure and heavy metal distribution were presented by analyzing the surface roughness of the
crab exoskeleton. The exoskeleton surface roughness and variation reduced in M. japonicus exposed to irgarol. In
addition, it was confirmed that the surface roughness and variation were changed in the field M. japonicus crab
according to the distribution of toxic heavy metals (Cd, Pb, Hg) in marine sediments. This change in the surface
roughness of the exoskeleton represents a new end-point of the biological response of the crab according to
external environmental stressors. This suggests that it may affect the functional aspects of exoskeleton protection,
support, and transport. This approach can be utilized as a useful method for monitoring the aquatic environment
as an integrated technology of mechanical engineering and biology.

Key words: exoskeleton surface roughness, biological end-point, toxicity assessment, pollutant exposure,

integrated bio-indicator
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2 Hjdd 1=2 FEshE 7|9-2E HARE AA4E
Fdo| 4320l Hlgko g WEy} o Ho] Qlu T2
2 9T FE|Z (epicuticle), A AFE]Z (exocuticle) D <l
=FEZ (endocuticle)2 FAEHY 713 vpZZEZ 49L& 9
NAERY e FAFOR £a P4 HY UL B
(Chen et al., 2008). ZH7F20] 9JTAL 229] pH W &%
W3}, shet 4 22 9 BAAY EAjet &2 &7 89

o] ¥r-3-3te] A Alej oA W3ztel(Robohm ef al., 2005;
Glenn and Pugh, 2006). 7|82 & ¢ZA9 F9
A 84 Fshtol 71AH A, NE 9 & BT, 3
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2L s Al i HE, Ax AJES Asste F
9 EZo|th(Mali et al., 2004; Chen et al., 2008).

Al (craby= @R 719 =4S 71 {7|1A=2A 84
o] g& 71&7]f vhgsto] AR 24 7152 7HAAL Q)
of ¥ A= 22 715 22 873 EUEHPA 5
23t A A TEo|th(Prosser et al., 1955; Park et al., 2019)
274 AZAQ A (Macrophthalmus japonicus)+<
=, 37, 48, I A¢k Ao gvrres E?l‘:}
(Kitaura et al., 2002; Park et al., 2014). M. japonicus+= ©}
NololH SAHE 9 SAEeze] FRE oz o
o BB Aot Qo] 22 AL = Folth A
o HASHE WA MR AHBEL AR
= Aokt A ES ge A9 A4 dFel 2
o 7198t f7129 w8 HAHEY At
S n|Ztk= B 7} 9ok (Herman et al., 1999). T
AR B 12} AH|AE ZASHs AH|RIE $
oA Az A Ed &8 F23 75 =
F5Eo|t}(Otania et al., 2010). 3|F L 27t
% 9502 43 A8 AL A
2 ogAAE Tere 1914 aqlo] 4
LEEL AYE BHS A 84 nUHYe 9
o ABAZZ §85t0 AT} THe BaE T Park er
al., 2014, 2016, 2019).

B R (Surface roughness) £ 3o = At
=4 2H9 = (8HY 7‘453 43t &
o= tolotEE FHE 087 =
T HtER 5o #HE ST o —é’%}% S27F Qlof F
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2 QoA ALE AA (M. japonicus)= &HTrol| A

st Apd = sjgH AR OA st AHE
3t Ao|th(FEA 7.0+3.0g, YH] 3.5+0.5cm, =°] 3.0+
0.5cm). 7+ & Addigtn FAMASALAR Holgls
A2 o5, AAES 17+0.5%0] A% £7] (aeration)2}
A4 = (SW)7F Eo] Q= 2 (45.7x35.6 % 30.5 cm)®
A 24X|7F ZoF &35k AR A 2 A0 ALt Eok
Ho|2 = ATF9| Tetramin (Tetra-Werke, Melle, Germany)
< MY FF3c

L° 27 o AAste AAY HELS AFeet

E AAE A™sHAH EE(‘&GH“ %d_%i}

34°52'19.90"N, 127°42'46.77"E), o] A}qt
40] THo] L& (bay system), 34°45'46. 80”N
127°34'23.36"E), &3 (A3}t Au-AZZ YR o,
34°47'33.60"N, 126°25'21.49"E) ¥ 3+ (A ek dotqt
2|9, 35°05'12.69"N, 126°26'22.71"E). MEZH L A&
S glon MEL o HiEo AFAd=E &7l
5 Ao o]-&3stitt

~

3 AYS f8 APA 23 ASE AAE d=
& (contro) I} =& EZo 7+ 5~7u}
24 YolFa 7|71, 4, 79) T BE3 o=
7}& (Irgarol (2-(tert-butylamino)-4-(cyclo-propylamino)-
6-(methyl-thio)-s-triazine))< A] 10}-&= 2] %] (St.Louis,
MO, USA)OllA] Y3ttt R Sl = wjFof o]27tE
10 mgE A2 4 99% acetone 1 mLo|| o] Y& FH]
S, YAe sj4 5489l 1, 10, 30 ppbe] A &
g Zulstgch =% AP 24 FEE 3 WETE AN
ok md A Y BES AFTsH 2 A= F2oA

AAT & =& 2405 gelstgith
3. 2|2 E'HZX (Exoskeletal surface roughness)
=%
- O

v B9 7 5o YR B 7Y F 247 A
A 105212 olgele] ERZES 2HSAT, EARE
(EHAZ7]) &4717]1= BE4] Surftest SJ-400 (Mitutoyo
Co., Ltd)E A3t (Fig. 1). £ AAY] &247]= 3
© ARQuA ZEuE g EAT BE A
Ao mEng AL NESAe T b §Y02

sHG A5Y gAut vund 2o AREE Hels
a wE S-S AFeh & dFolM= M. japonicus B
Al 317k wE ARG 257 Adh 924 AH719
Surftest SJ-4002 AME-3FATH M. japonicus =22 X H
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Fig. 1. The process for analyzing surface roughness on crab exoskeleton.

ARZIE 457 S8 & 28 aE AHgEge AP 2 939 AP w2 F Abel9] Agelch mebA
o, 2t 20 24 W 7400 mmolth $AE T R AN BHY HEE HAGOE AT Ruwt
AER 4ol 1o A 4ol hst 47 025mmet 2.5mm g AP, dubH o2 R, S ol&ste] 2 A
itk 2t MBS X2 Y3 BE 398 3 68 ZHY 712 HR5HE R & A ABTITHANSL 1956)
ok 2k AA] et Al 2k BRE 7 HAE o it
=9 AQ719) vmo] AHSH ATk B AL/ Aol & 4 WA ESHEH
AT R 2 s ZRng oged ARy ponicus A9 24 W) 324 Addsa 35
ARZ) AN AdE AL71Y AEe AL FA gy g0 zxqo}%,\q 2+ m=e Ao WA 5
A N Aelsl AHE Ageras IAAWNE B gy 24 9201 A2 9 35mL HNO, 3.5mL
7¥sto] AbEdith 2 A-7]= vy S ARk HF 2 1.5 mL H.0,2 n-ﬁ‘OPt‘ 23} 92olo] Yo B
AR (ANSI, 1986). MARS 5 (CEM, Matthews, NC) oto] 223} 43} A| A8
Ro=1/1 ]| f()] . AF-8-3to] DigeStion% s o &, 43kd %"—‘.‘_%
NexION 300 & X] (Perkin-Elmer, Waltham, MA)E A3}
R =R, =Ry o = 2% =t FF 4 ICP-MS)E T3l =
Where, R, =max f(x) and R,=min f(x) & BAS £35A0 10714 34, & 42 0]E (A, H]

4 (As), 7FEE (Cd), B3t (Mn), & (Pb), 25 (Cr), H (Fe),

Ri= A7) T4 Adighe] A& Hatold, o714 73 (Cw), ot (Zn), 72 (Hg)> ICP-MSE ARS8t &2

fos MED Zol) MM S3E AF7] 49 gk AENH 4 Al 242 3WRAR o|FofH. gt

= L‘rEMEP Ry= FAOlA A WAzt o] golojn & AAEII F4 FEE mgkg 2 AL AFH F

Ry FAoA HA AF7A19 ol Uehdth Ry= £ =F(CRM 278, CRM 195)9] 5782 24 ghe] 324

B4 «l A& denz ) gL 7HAH R ofiE e As) ol &St B S W= 96~103%0] 3L
of JoBu2 29 gh& ZFeth Ruwe 24 AET Zolold AT WSS 5" sE= ATH §9] 5% oW
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Znt oW oF
B AL A Park er al. (2016, 2019)0] R1E A A o]
=7 2H A7) BYE o8 8 =& 54
4 JIFEHE FFE Exoe] AT gt ﬁﬁr% A
BB th o] 27} (Irgarol, 1051)2 LukA el HHo A
REA oY B2 FroA v & FE S &2
E4-& YehdATh (Sapozhnikova et al., 2013). AREA o]
27182 39 4 =294 FEH T A 2EE 5
& HEgAor AR (Luft ef al., 2014). WA 3}
FELY AE2 £F5 B A4S AFE 76k o2
7HEo] Y A NA EFE] ZHEH AA YE o
3 AAA Q1 o] F715t}(Sapozhnikova et al., 2013;
Luft et al., 2014). Park et al. (2016)2 0|3t o|27}E =
Zo W2 AA AFZHoAM AFY] W 2= W E £
A3}7)1= 39t Fig. 2% o|271F 1, 10, 30 ppboll 7¢ &
ot =28 HAY EFA ARV BH 2EE ST
ZAatolct. o] 27480 EE R k2 279 R, #E ©]
43 3H AAVE 7120 R ol27kmo] =&H A
Ao #H AAZIE HwEHrt o|27ME =EEHA ¢
& M. japonicus= Nl 74 BEQ] o|27}E0] =&H M.
japonicusETF B R, gol © UL R =& 5= 9
£H0 2 Adhe Aol U= B3 RO HAE 2b
ol xwAA Mg UL, RO A Aol kE 5
T o YA #astynh tlojgHe faY =
257 g2 552 g R, Z2 0.071 mmoA] 0.522 mm
742tk om 30 ppbell Al =EH A H(0.099
mm)oJA] | R, 32 0.151 mmE Uepytch taka o2
7VHE =59 M. japonicuso| A &5 24 BHE AA7]
Wt =E25E EFHOZ AL olet Ayt
o] Ay =&AL T3 o|271E E4 tigt AA 9
=2 2Y AA7| "IE IS °|E27HE =&
A F2e 719 20 M3HE ofet 9F A S B3 o]
= S & Aol

O

O_I.,
mm

=B (CA), ¥ (Pb), £ (He) YA $5% =
2aoln] WEo|q EHTHORE A JFS 2
3 gelA ek I ol kel et A

Zof i3k AA A& AZFA gt FgHI= o

Z88HA Yk (Kim er al., 2015). 8N A F715
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A FE45 EXo] B3 Byuo w2, Iy upikvt Sk
B At g9 vl8) 524 (Cu, Zn, Cr, Pb) =7} oF
28] AE =& Aoz BIHJTH(Cho ef al., 2015). E3

=9 ¥ d2 84 BEY F8 2HEH2 Cd, Cu,
Hg, Zno 2 UYebdth(Liu er al., 2015). E2ete 7, 13
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Fig. 2. Changes in the exoskeleton surface roughness of M. japoni-
cus exposed to irgarol. Surface roughness of M. japonicus exposed
to different irgarol concentrations (1, 10, and 30 ppb) after 7 days.
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Fig. 3. Changes in the exoskeleton surface roughness of M. japoni-
cus from south-western coasts of Korea.

—i% T oM & 217 2 &
7oA FAAQ AESE F= AL E_T’_E] 9l Tk (Walters
et al., 2015). =, %, Al L ojFe} 22 ot g A
EZoA £2FE =2 o] R1E 3 Qlth(Zhao et al., 2012;
Luo et al., 2013; Mok et al., 2015). o] &3+ {33t SALS
dosl= Fa5Y £x 4E A 949 #H 2=
Aok Z 2o A7t BaE It (Park er al., 2019) 0=
g At FES B Zo|7F AAE= AAY =4 =
A A7 FFe F=Ao tigk A+ Aol Fig. 3

X g o4 AT BE 5 47) ARG A M.
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Table 1. Concentrations (mg kg™') of heavy metals in crabs from
south-western coast of Korea.

Sampling sites

Heavy

metals Myodo Yeoja bay Mokpo Hampyeong
Cd 0.08 0.14 0.09 0.44

Pb 2.06 3.89 1.69 2.44
Hg 0.01 0.01 0.01 0.03
Total* 3740 4104 3818 4887

*10 heavy metals (Cd, Pb, Hg, Al, Fe, Mn, Zn, Cu, Cr, As)

o FE3x 9 39: 0.08E T =9t} T3 M. japonicus® R,
Zke] Wo] (variation)= HE (0.05~0.52)14 7 =9,
At 9 F M. japonicus®] R, g ¥Hol7F & (0.02)
A 7F WES¥Th M. japonicus®] T R, 32 HEof A4
3t AA A 0.52 uMO| YL M. japonicus AAY A
R, 32 229} a5 o] A2)sh= AA A 0.02uMo] k.
T3 defeh(EE, ARhH O] AA of Bls) Asfiet(EE, o
o] HANA M. japonicus L=Z2] TH AZ7] A3}
7V ZA3HET}. M. japonicus 12 A9 EH AZ7] W3}
£ ThE 212l WA WIS SE A% 1 S0k U
B Aol 7H Wk ol T A= ﬂ?l @39 5

& @ 2Eoh A4 AA0) 9B TAEE WAl @
240] 98-8 AAHICH(Table 1.
A9 ABAL §7]-77189) BE F2o|H A7} A

self- heahng)—J 71%5<& 7}Ath (Melnick et al., 1996).
5o AA, 2§ 7 S2E BRG], @HW
St A 23 0 AT ATHE Tgerel 4T o
3] ohokst 715 42393t} (Vincent, 2002; Sanchez et al.,
2005). °|27189 =29 M. japonicuse= ==F A &
AA | vl H A7 W}t HAasHET. AA F
9] Hdf A&7](R,) W3 o|27ME F=7F Sl o
2 Faste g S Slskoh 2u =EHA @2 7
Ao A EH A&7 o W] (variation)7} B A Y
B =2H TEEY =E55HA g2 FEAA M &
< #9H AA77 FEEAY 55, =5H 589 BA
(0.099 mm)of| A 3155 (30 ppb)7}A| 9] Xt R, 742 W3}
= =EHA &2 T2 Bl Witk gEkA olEvtE

&2 M. japonicus JEZZ A EH AA7 9 4" H
oHE FEstqith AA AdY 2 A= =4 %
Holl =291 o2 Al Wert £ohs AS UEd
ot o] Nl 51 IS Factl 125 A 944
3t 7]1%5S 3tk (Chen er al., 2008). wabA] o] 3t Axt
= O|271E 9% EH ARV Aavt 5F FHY

7 231 HEY|

I

M =4 g7t 269

0.25 1 B Crabs exposed to control and irgarol
[ Field crabs from south-western coast of Korea

0.20 A

~

e

2]

@,

7

5

g 0154

=

oh

E

=}

-4

5

2 010

<

=

w
0.05 1

Fig. 4. Comparison of the surface roughness of M. japonicus ex-
posed to irgarol and from south-western coasts of Korea.
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A&7} "o} (Gagné et al., 2005). E]'E]'A‘], H Ay 597
O|27}E k=Z°| M. japonicusolX &EZ 4 gy 14
o] HgS FUT = S-S AXTT B3 4] g =
2 A9 e A F M. japonicus EA 9] ®H AA7|
W3k FHoA 7P R BEoA 7 8kt o] 2
7He o 93 HAsh=s R, Holet FASHA EE A9
22 3 AAY| ¥ole 54 $94(Cd 2 He)S X%
3 F SEEY AdHeE £& a2 B Qe A

© 2 et (Fig. 3 and Table 1). 0] 2|3 Axt= 24 &
Ao & FF<% o] M. japonicus 718 FZ 2 A
4 {Ao] FFE WAL ARHoE %7 W AW
o] Zolg uetd £ FE HolErh #ad #W AA

7] M3E G =3tE M. japonicus®] 242 B E 93t
2y 34S Faie 4= Utk (Luo er al., 2015). o)1= 74zt
F 9249 edd myoA 2L FH29 &g b
AUZl &4 Fa&ol 9FS & Aol E’I“‘% 21 lt‘r
élﬂlﬂ e 4 ozd =

(g F
BN
H1
[‘ll‘
oh‘.
do M
ol
m{n

= itk (Fig. 4). o] 2|3t =4 R W3l= Yolr} o] &
TSI Qe F1He) AR Txo] WSk Fu] AU
A B SAR) BRE AAUS st = wolstgict
(Mali et al., 2004; Chen et al., 2008; Park et al., 2016). &
Aol 9127 2w AL7)Y WSt YkRAA Bt

E
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& Blelgich oleiet 927 EH ARso) WS o
g 2EF 2 Rl g A9 A=< vks T
A (end-poiny & UERE olr} Sl2 A8 B3, %), 5
5 59 757 Hol 9T v 4+ AL AN o
e gaaEe Tk AR $U4 7102 £83 2
UES oie 447 BHoR $8Y 5 9l Aol

MAPEE w719 (et a7, a0 (et
)

MR |GIE A A 14, W E: 3914 & W79
49714 & FA, ARAT: 4719 & B

2 v7]9d & FolA, Y1 2OHAHA: |, 9T WA vt
7194 & A, 91 WY 9 AE: TelA & ¥ A, 74
T ZlA, A7) 3 A BE AR =R

2
doll B9, $E AEEE A= FAHAEY
o},

OlHEHA o] EolL olsBA S5 X7} gl

IH| o] RO ST AT 274 ATARI [NRE-2018-
R1A6A1A-03024314]3 Adisra [ [grant number 2016-
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