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Toxic Effects of Waterborne Copper Exposure on the Hematological
Parameters and Plasma Components of Mirror Carp Cyprinus carpio
nudus

A-Hyun Jo, Su-Min Hong, Ji-ho Jeong, Ji-Su Eun, Chang-Hoon Joo and Jun-Hwan Kim*

Sun Moon University, Department of Aquatic Life and Medical Science, Asan 31460, Korea

Mirror carp Cyprinus carpio nudus (weight 42.0+3.8 g, length 14.3+0.4 cm) were exposed to different concentra-
tions of waterborne copper (0, 100, 200, 400, 800, and 1,600 pg Cu?*-L") at 20.3°C for 96 h. The lethal concentra-
tion 50 of waterborne copper was 1,176.45 ug Cu?*-L!. Among hematological parameters, red blood cell count was
significantly decreased, whereas there were no significant changes in the hemoglobin concentration and hematocrit
value. Among the inorganic plasma components, calcium was significantly decreased following copper exposure.
Conversely, organic plasma components such as glucose and total protein were significantly increased. Similarly,
enzymatic components, such as aspartate transaminase, alanine transaminase, and alkaline phosphatase, were also
significantly increased. These findings suggest that the copper exposure is detrimental to the survival rates and physi-
ology of C. carpio nudus.
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AN OB Crémazy etal.,, 2016). E3H 2] o] 7-9] 7hzpAtu]of A 22
& Ao, ¥ 7)ol P v H A8, AE, 52, Q1A

Tl AAA o 71 gol EAshs Holg4 B shtoln], S ikt Al W 35314 gof S Gk Qlck(Pilehvar etal,,
o]Fo] Wsn|ef Y4 HEO| A2 FA, AAMLER  2020). £35] Pl Rol A sjAto] Bol= th2 Al 2 A 2HE-

[¢]
AT, ol A §7] B hR ME 0l B B 0.2 ola) ely Tl B oprfu] 2ol e 24o] L}
o]th(Mendelsohn et al., 2006; Azevedo et al., 2021). 5FA| Tk, Eld 4= qlon, AU 2 So]& Ly o] 28 &3S £ 7,
Edn

5 el AlolE, AAA], WA AFA, HQIE K A 5 e 38 2220 FpE o] A a7l =
= A7 5 vR AR ez Qs 5 Al s & 8 5 Alth(Liu etal,, 2010; Eyeckmans et al., 2011).
T oo r EAQT 4= 9lon, o] =5 A Al AH A Hh=2] AHs- % (lethal concentration 50%, LC, 1= =4 =&
40 2189 5= 9lrk(Mazon et al, 2002; Simonato etal,  AFo|A EAEA ] FA W] oo AF o}e] 50%E 7
2016). =2 9 el o 7Y oprfulof Tegt HAS A7) e L2 ol EAER o] M9 AEE Hrls)
©7 Na'/K' ATPase® iAalo] UEG(Na) B SHCH 0 &= Za3k A\ 3o|m, o} F4 2 wby AL 918 BA/I% 5
0] B WY U 4 glon], ARt ol £AL A w2 Abgeke] B e3h7|EH-S AAIFHCHLinbo etal, 2009;
A2 9@ HARS G4FsE 4= gltk(Blanchard and Grosell, 2006; Ulahetal., 2016). 53], 2]+= o] 7] Zpn|ghe ol 54
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Hots AR HE 2483 4= glon, ot =
H o= w9 F7] dizoll 1A e o whE =
|3H= A2 52 5FcK(Santore et al., 2001). w4
2] 34 =20 e R ARs e 01 ]
E AN = = e Ao, ' AH A
Fateol ek 7S viEls) & Aol

R el " ol R o7hilE Sl wEA &
ojupr], W2 A L3HA 2 FaeE|o] o] 7o A2 A
Ith(Akbary et al., 2018). whebA], FoHslz] FAko
o) 1ol u2 of 9] EAlo] WHlEl AYHl 2
£ 5o 24 727} olgol A e &

° N
H
il
2
Dad

)
o
©,

ara

of o] 224 A B W AhgF Aol E 53 A AT
2 © 7] 4= ¢ltk(Sampaio et al., 2008). HHH, 42014 FLg]= 2
Fo|FUAR S IR ol e Hofste] AP PAS
L5HA Ap=sto], AE A Bofete i o] YFe e &
TH(Mazon et al., 2002). whehA], =91/ 2] ol e E
hA] A4t d EAA RO gl =04 e e mE RIE,
Artas D 54 S el 838 X2 o83 4= 9]
5 Zo|th(Priya et al., 2015).

FFo](mirror carp Cyprinus carpio nudusy= 2 A& 481}
W= Ao = Qlg] H A|AI A 0 &2 7h who| QFAEl= T of
Zo|ti(Tokur et al., 2006; Li et al., 2019). E35F gFoj= 2L}
Bl HERE S $& JPNROR Qo) nepow
£ £ AEES 71K o] 5007]E o0, hobe 4AHE 718
olgsto] 212 A4Sl & 754 AU AekDuctal,
2020). S-ejutelol A aoliz 2 T e Folo k4ol
OX|RE, =1 FE] 54 =Eof e &Foje 54 IF s

Of

fojo] 2] 54 =

Zof = A2zt 955
AlSy 2 Aesty

2 Aglo) o] 85 gFo)(FA 42.0+£3.8 g, 7% 143£0.4 cm)

= oM QI9] FHAFAPG O A 2 whol A A SH of| A AL

G G NAE o] 8okt AE A 23 A &

ollA A5 AAE o, AEex= 30 L 58] AR

= o] &3}, 5709] %= 1710, 100, 200, 400, 800 2 1,600

ng Cu¥/L) 0.2 96417 74 32 ANJaRIT) AFe % 50
mhe](FHe] Ft gt ST X AR Sk xRk 270 E
oj-gste] §A leES Adstalon, A 7|13t F A=,
|24 9 pH)S &8 42 EA17)(YSI-Professnal plus;
YSI Inc., Yellow Springs, OH, USA)E o]-8-5lo] Z435}%C
v, Pmujo}, ob4k, AL 1 QLR 48k R AN (Min-
istry of Oceans and Fisheries, Sejong, Korea)=- ©]-8-5}0] £-4]
2 AAISEkTable 1), # AolA] 2] T4 =B & ok
2|[CuCl,, Copper (II) chloride] = ©|-§-5}of, =W 10,000
mg Cut/LE RIES0n) 2} 0] 0] W 4 w53
AAsEon, Ae] FE7t E A 2] 5% Table 29}
2t

URRARSE(LC,,)

A e G4 =& o A AN EE ERIsH ] ¢
fl, 12 e 20, 1,3, 6, 12, 24,48, 72 9 96A| 7t =2 ¥ ¥
AFFRE gRlstelom, AL WA= T SA A AN ES
96417t & ] leZof o5k X|F HA WA E v o2 T4 =
2 I3(probit model; SPSS Inc, Chicago, IL, USA)S 0]
o B2 AbE 23] 5 ARSI

ol

Foyeta] BAe 5o el FA e 96417 5 Aok

i

2 7|2 R 3ol hgE A= AL o] Fo] A A] ghar qlet. 424143 Table 1. The chemical components of water and experimental con-
T G4 Eol whE N Aol et 54 9 B dition used in the experiments
HerolFol Al WA glom, Folo A= SAE BHEF  ftem Value
LeRd ZloR dto] Huf, 2] kol whE HAdof gt 4 Temperature (°C) 20.3+0.4
23t 7| A 7F D st wheba 2 Ao HAE ol pH 8.10+0.09
o H7d =Zol wE oo WAl Abs =S Fjlete] Q14 Dissolved Oxygen (mg/L) 6.19+0.18
T2 Sl thigt 7R A DA A 9 EAAE Ammonia (ug/L) 0.5440.13
o] ks _%’FSH f‘ﬂ*é T2 54 ezl H%%_ﬁ*é*gal% gkl Nitrite (ug/L) 0.3540.21
SR AR AR vl 3t 7| 2 At m 2 285k ) Qlvt Nitrate (mg/L) 0.1640.03
2 U gk Phosphate (ug/L) 11.3+0.7
Table 2. Analyzed waterborne copper concentration (ug Cu?/L) from each source

Copper concentration (ug Cu?/L)
Copper concentrations Control 100 200 400 800
Measured copper concentrations 0.09 104.2 201.7 3924 807.2
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NAIE ol&ste] S AAsHet FHL 2400 pg
Cu*/Lofl A 10mHe] MEE2 Ao, 800 pg Cu*'/LojlA]
7ake] MES S AT 82 8|77 (Sigma Chemical,
St. Louis, MO, USA) A 2|5 FA7 & AR50, 2HE 2
% 3|22 ZHl(hemoglobin), 2&- &% (hematocrit) & ]
& SL4>(red blood cell count, RBC count)S ZA| £415}9i )
Hemoglobin 52|+ Y48 kit (Asan Pharm. Co., Ltd., Seoul,
Korea)g ©|-€-35}] Cyan-methemoglobin &2 =234t}
Hematocrit+= 2 A& Y 2 L Yo, Microhematocrit cen-
trifuge (VS-12000; Hanil Scientific Inc., Gimpo, Korea)oj| 4]
12,000 rpm, 1027F €A1E2] S Micro-hematocrit readers:
o|-&-35}o] 27353t} RBC counti= Hendrick's diluting solu-
tion®. 2 NS 4008 34 T, hemo-cytometer (Improved
Neubauer, Germany)S ©]-§-5}o] 331|702 Al4=51%ct.

Hemoglobin, hematocrit @ RBC count Z21}& vigt o2 3
A8 8% (mean corpuscular volume, MCV), <-4 &L
A A (mean corpuscular hemoglobin, MCH) %! 48
T3l X = 2R (mean corpuscular hemoglobin concentra-
tion, MCHC)<= o2 ©] HH4] © & 4H&513iTt.

MCV (uL)=Hematocrit (%)/Z & -4(10%uL) x 10
MCH (pg)=Hemoglobin(g/dL)/Z & +(10%uL) % 10

MCHC (%)=Hemoglobin(g/dL)/Hematocrit (%) X 100

A
TR e 5 ol whE B AR BiskE E45]
Al AT DAL 4°CollA] 3000 g2 1587 YA Ee] 5 &
e welokditth @4 F7148R 0 2 Z4s(calcium), vHLH|E
(magnesium)Z &4 5F3Ith A4 OCPCHY, 1f LYl Xy-
lidyl blue-T% o] w}2} A& kit (Asan Pharm. Co., Ltd.)E ©|
g3tel ST B4 §71480% Fe(glucose), 2
12 (cholesterol) @ % £ total protein)&: %43h%l}. &
&S GOD/PODH, 2228|158 v, 142 Biuret
Hol| o)) A|HE L Q= YA kit (Asan Pharm. Co., Ltd)E
o] g3t g4 aAgA © & AST (aspartate aminotransfer-
ase), ALT (alanine aminotransminase) 2 ALP (alkaline phos-
phatase)E &3t ASTEF ALT+= 505 nmof| 4] Reitman-
Frankel, ALP+ King-Kingtd 22 500 nmoj|A4] A& kit
(Asan Pharm. Co., Ltd)E ©]-&35}o] 24319,

=2 1o

AR EAL 42014 8] ZH F =T ol Al 10uke] & 240
= B0 & o]Folfc) A B

A Aato] o gt FA T 5-2]/4d-> SPSS T4 Z21:H(SPSS
43lo] ANOVA testS AA5}o] Tukey's multiple
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Fig. 1. Survival rate of mirror carp Cyprinus carpio nudus exposed
to waterborne copper for 96 h.

range testE F3ll P<0.05¢ o f-ol4do] Q= A= 73}
At
s=AdRe 52

MZES 9l HIRR|ASE(LC, )

A T2 B4 gl uhE ol AEEL Fig. 1o v
ER it s 2ol 400 pg Cu?/L o] teFofl A= wAF 74|

Table 3. Lethal concentration (LC,)) of mirror carp Cyprinus car-
pio nudus exposed to waterborne copper for 96 h

Probability 95% confidence limits estimate (mg/L)
0.01 199.20
0.10 638.09
0.20 822.901
0.30 956.16
0.40 1,070.02
0.50 1,176.45
0.60 1,282.87
0.70 1,396.73
0.80 1,529.99
0.90 1,714.80
0.99 2,153.69
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Fig. 2. Hematological parameters of mirror carp Cyprinus carpio nudus exposed to waterborne copper for 96 h. Values with different letters
indicate significantly different (P<0.05) after one-way ANOVA following Tukey’s multiple range test.

£ 3o, 800 pg Cu?/Le] kol A= & 4841717 ¥
AR RAI7E ERYBE7 ] AlREeo] e 96417 F 30%7 HIAKSES
t}. 1,600 pg Cu*/LO] leZoll A & s 484 7HLE| FAL 7HA]
7FEAY8}7] Al AFSEe] e 96417 T 80%7F HIAFSH T =21
g ] eEof| whE Fol 9 Ri=2] AR = (LC, )= Table 39
UER QI 42914 8] o] whE gFofo] Bl Abs =
1,176.45 ug Cu*/LZ LERTE.

OH
M

- o
0l P2 B4 ol 1 gole] FISIA A4S Fig. 2
ol YeRf itk 3Fe] 9] hemoglobin concentration¥} hemato-
crit value= 4=Q17d 2] 2ol 23f 222l Msh= et
Z] ¢¥keh. 3FA|9F RBC count= 400 pg Cu?'/L o]AF2] 42214
T2 ol ofsf F-9]4 = 748 tH(P<0.05). Hemoglo-

el

o

[ZSEPSEN
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Emm Control a
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Fig. 3. Inorganic plasma components of mirror carp Cyprinus carpio nudus exposed to waterborne copper for 96 h. Values with different
letters indicate significantly different (P<0.05) after one-way ANOVA following Tukey’s multiple range test.

bin, hematocrit 2 RBC count 215 H[E 22 MCV (uL) ¥
MCH (pg)& 5214 7-2] 400 pg Cut /L o] 449] 35-=0]14] 2]
2 0 2 271519 EHP<0.05). 314k MCHC (%)= 42914 7
2] o] T2 o5 el Wk veihA] ottt

e

X
o

A

pMN

HI

o

T T B4 ol whE FFol @ Fr14E Fig.
3o Yehglch. @ calcium 800 ug Cu*/Le] 42214
2] lezof ofsl] #9202 Askth(P<0.05). sHAIRE, 4
magnesium- 2914 2] kol whE £-9]24]Ql Hak= U
UHA] 3kt

T 2] 54 ol whE ol €4 71422 Fig. 4
of et 2dct. % glucoset= 200 ug Cu*'/L o]4r2] =214
T2 =zl odf FoH oz S, S s AR
I 9240 2 Y& A UERFTHP<0.05). @74 cholesterol
= A 7] mEol whE oA Q) Hehs UrEhA] sttt
G4 total protein> 800 pg Cu*/L2] =217 2] 2ol 2|3
oA o2 S7FsEATH(P<0.05).

A T2l B4 kol whE ol @ a3 Fig. 5
o Urehigit}. @4 ASTE 100 pg Cu?'/L o]4+e] 42914

2] leZof Of8f| FolA o g F7FsFATHP<0.05). @4 ALT &
Al 100 pg Cu*'/L o]/de] 4291/ 2] le&of oJaf foldos
Z7}8}9tHP<0.05). @4 ALP= 800 pg Cu*/Lo] 42214
2] leof ofs f-94 2= F71sk A Th(P<0.05).

|
]

Zo| W2 42 713 wo] vh=ck(Kamunde et al., 2002). -

fu =
2= FEAY Aol EAsHH FH A% A= A A o
B G A, WA= 1.3-17.5 pg Cu?/LojA 100 pg

Cu/L 0]49] = EAgIth(Real etal, 2003). 2] 2 5
FA B AR AAQ 540 Hgsiu,
& HARS G238 4= 9Jth(Gopi et al., 2019) (Table 4). Vieira
et al. (2009)= common goby Pomatoschistus microps2] =21
A 2] 9] 96 A1 7F FA = Z ol A 25 pg Cu? /Lo S of A= 1
At HERFA] EEAIRE, 1,600 pg Cu?/Lof A= 100% HARS
LpehRgieh T B g,

Meng et al. (2018)0]] W= 42914 La] B4 w2 2

Table 4. Lethal concentration (LC, ) of comparative fish species exposed to waterborne copper for 96 h

Fish Length (cm) Weight (g) Temperature (°C)  Lethal concentration (LC, )
Cyprinuscarpio. - 10405001 25 1420pg CuL
Prochilodus lineatus 9812 101435 20.9+0.8 299 Cuz*/rl‘_ """""
Labeo rohita - 14.47+0.43 33.41 mg Cu?/L

g:;h""ater Ctenopharyngodon Idella - 10.580.33 % 21.36 mg Cu?'/L
Cirrhina mrigala - 11.28+0.67 17.17 mg Cu®/L
Catacae .- 19666024 o 1685mgCurl
Oncorhynchus mykiss - 64.2+28.3 1741 210 pg Cu?/L
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Fig. 4. Organic plasma components of mirror carp Cyprinus carpio
nudus exposed to waterborne copper for 96 h. Values with differ-
ent letters indicate significantly different (P<0.05) after one-way
ANOVA following Tukey’s multiple range test.

% ol(Cyprinus carpio)2] 96417t REEA| Abg = 1 159} H]
223 1,420 pg Cu*/Le2 B3]t} Simonato et al. (2016)
= A e 34 Eo whE streaked prochilod Prochi-
lodus lineatus®] WA AR5 =% 29 ug Cu?'/Letal B8k
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Fig. 5. Enzymatic plasma components of mirror carp Cyprinus
carpio nudus exposed to waterborne copper for 96 h. Values with
different letters indicate significantly different (P<0.05) after one-
way ANOVA following Tukey’s multiple range test.

t}. Kousar and Javed (2015) E3} rohu Labeo rohita, grass
carp Ctenopharyngodon Idella, Mrigal Cirrhina mrigala 2
Catla Catla catlaol| <] U/33HA] o]/d9] 491/ 2] 944 =&
2 Q1% HARE Haglon, 96417t WA AR e 2t 33.41
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mg Cu*/L, 21.36 mg Cu?'/L, 17.17 mg Cu**/L ¥ 16.85 mg
Cu?/Letal B3t} De Boeck et al. (2004)= FA|7H $0]
(Oncorhynchus mykiss)l| A 78] 573 =Zof w2 964 7F vk
A ARSI S 210 pg Co?/Lekal B gk 2 Q1o 4] 4]
el G4 ol whE ol 9] F A= 800 ug Cu?/LojlA] Lt
EfLF7] AlZESEe] 1,600 pg Cu*/Le] 57 =ZollA] 80%2] 7
AFE §rslo] 96417 42014 2] At w2 apoje] vt
FAAEEE 1,176.45 pg Cu?/LE2 UebET: 44 +-2] 5
4 =Eo] W WA Abs s of Tl WhE RIS Aol &
Uet= 2o & vebgth 35 =0l o] 34 ol wE
et 545 Hrtelr] flsf 2ol &4 AR, ofF, A
= 27,48, w587 T o A=A e A W A a4
£ 53l o] o] FolAoF & Alojtt.

TR o] leEH o f= o7& ol Al = s
A agstet 2 ofrin] FEjetA HIlE fisie o]
= Qs ol W Aakarg, 7k g 9 o] gk 50 FoHehA
7ol AFA gk vlA o UthKim et al., 2019). 53]
JHe}A A2 o 7o A HIE B7tele SRS A RE
1-8-5]7] ol 5ol whE F3E Brksr] 13 vzt
312 Al &g 4= Q1= A s o]t (Carvalho and Fernandes, 2006).
Hemoglobin 27119] 0-3 ARS} -3 AR R A5 3l
] 2 22 of| A tARS Pl Akt o] 25 A st 75
StcH(Zhou et al., 2016). YHEA O 2 o}x|A} 520 ZAE2]
=22 o7 412k of7pn| 543t &7 hemoglobin, hema-
tocrit 2 RBC countE 7+4A]7|H, Simonato et al. (2016)2
=014 FLejol| =24 streaked prochilod P lineatuso] A & 0|
23 A= B9tk Hoseini et al. (2018)= 12| A9 o}
E AR Qo] Hae S4EE 1E Agle] &gt A
o 4= Qlckal et Rajabiesterabadi et al. (2020)+= 33
7k o] olFAl o & w25 oJo)(C. carpio)?] RBC 74 ¢
hemoglobin ZtAE R 0w o]= FLEA 02 ol o] 2
o] &L 28 9 hemoglobin 7t & QI3 H1ES GHIFHS-S
olu]gtc}. Wb, Hoyle et al. (2007)= HolE £330 7ke]
2] T =Zo] African walking catfish Clarias gariepinus®]
hemoglobin, hematocrit 2 RBC countolli= -§-2] 2] ¢l ¥3}=
LB R] Qhgkom, o= Fhe] kol w2 F W] Fafol
Algta o g vephd 4 9135 ofm|git).

2 At A Q1A FHe] B4 leEol| whE 3Fe] 2] hemoglo-
bin ¥ hematocriti= 2|2 ¢ #3h= LebubA] ohoEA|ek, RBC
countol| A= -9 2] Zax7F Lrebsd e i A ol A =914 -
74 =0k s|uId el A= F-924 ¥} glo] f-A15 %
o, o]z A thAF & heme T/ Halish=t] AlRtH o= ¢
& WA 2= on|gttt 12]al RBC count gko| 2]
20 2 743350l &= hematocrit 2| 7} A Si= 22 A€
T Al 222] swelling &/o] Aojui3= ofu|ghet. Z12]32 RBC
counte] §:917] 24t ABEAAZ T2t 4B T A e

e o
o:

[*]

AT - eX% - FRE - PED

FAND SR S THsAol 9L Lkt MCV
AU A FI AP A AEEAS st
w7of, MCVY] 7= A4k AER QIS At d T vld
2 z#5t= AE o] HAL ou|she, Wani and Sikdar-Bar

(2013)= 90 7F F+8] WA ol 93t African sharptooth
catfish C. gariepinus®] MCV 2] 52|14 2715 B ilsl4t) &
Aol Al =214 B el &gt ¥l MCV ¥ MCH =4
oflA o7 F7HE UEhlo] A8 20| S7He= YE
W, AT A F7H R et

o7 A F7Id 2 EH W AHE Y dAsHA 74
Ak o, oA ] ke o] 7o et A HEY
Uzt ol @4 o] 2419 A HIE FEste] A F
A Ay A o] x4 Wk e 4 ltk(Baeck etal., 2014).
2} calcium=2- oF7Fu] 22 o] A Ca?*-ATPase & Na'/Ca?* ex-
changerof| A &A-2d 3} Ato] 9l o w, @A magnesium- ©]
YR ALl Tzl ghdo = J3kS mX]™ Na'/K'-ATPase
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