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To determine the toxic effects of the mirror carp, Cyprinus carpio nudus on waterborne
nitric acid exposure, they were exposed to waterborne nitric acid at 0, 4, 20, 100, 500,
and 2,500 mg NOs7/L for 96 h. The semi-lethal concentration (LCsp) of the scented fish
by 96 hours of acute exposure to nitric acid was 1,433.54 mg NO;7/L. The physiological
changes of waterborne nitric acid exposure on mirror carp were evaluated through
hematologic properties, and RBC count showed a significantly decreased (o < 0.05). The
change in the ion control ability of the mirror carp according to exposure to waterborne
nitric acid was evaluated through the plasma inorganic component, and calcium and
magnesium were significantly decreased (p < 0.05) in the plasma inorganic component.
The health and stress status of the mirror carp due to exposure to waterborne nitric acid
were evaluated through plasma organic ingredients, and the plasma organic component
glucose showed a significantly increase (p < 0.05). Changes in liver damage and enzyme
activity due to waterborne nitric acid exposure were evaluated through plasma enzyme
components, the enzymatic activities of plasma AST, ALT, and ALP were significantly
decreased (p < 0.05) in high levels of waterborne nitric acid exposure. The results of the
present study suggest that waterborne nitric acid exposure to C carpio nudus can toxicly
affect survival, hematologic properties, and plasma components.

Keywords: Nitrate exposure(E4t &), LCso(BtX|AbS E), Hematological parameters
(EY 94, Plasma components(Z &4 &), Mirror carp(F01)



15 December 2023; 8(2): 150-159

CELIREE]

| =0 e

p|
=

N &

|

=:]
=

=0

ERE

'

=
=]

ol

vy

8

ChLatif et al, 2014). O] 22| EoHst]

i A

St Xl
w3 T

O|CkShrimali and Singh, 2001).

HEiE

ol

=
a4

o
—

fheol £F0A X

ME 2oz 4= ACKMcGurk et al, 2006; Dutta

sl 2

2| 7|
et al, 2015). 3+ HAk2

A LjollM E Ol2S MBAIH2ZM
b Gle EHIQ HER|ZZ 2Bz

El

.
G
=

(Camargo and Alonso, 2006). £3|, 4t T7|21t |7| HIES| 1t

[=lx=)
==

oj

gt = QUCHGomez Isaza et al., 2020).

== RACHAlahi and Mukhopadhyay, 2018).

SR

=
[

AN(Gyprinus carpio nudus)

=13
o

Qld}
=

1 X2t TAY 0] F0|ChHeu et al, 2022). &0
UOIEL} SEREETF 20~25H] W2 el sxf L2|Li2tE =

H
=

F=2

ACKNolan et al, 1998).

A
=

o & MA o) Z7H0f A GOl AR U= CHEXQ LY

1

+Z=OZ YAEICHPaul et al, 2019). HFRO|A X|

xx2 Yos|n F2 M2Moz [ B4e X|d opiol

ol

e
=

=
E=3

ut

420 oiF HAE R

he 254

gt = QICHMonsees et al, 2017). SHX|

oll

=Z0) T2 o

, B

ot

HAlZICHvan Bussel et al, 2012). B

72| O|FO{X|X|

=
[

S5o7

.
[
i}

%0

ALCHGomez Isaza et al, 2020). &2 $x9| 42 0{F Of7i0|

£
70

t

e

4= QICH(saza et al, 2021; Rodgers et al, 2021). ZAH0| X|&EHo =2

EEE ofn] ZHHofAM A

ol

ol

|CHOrtiz-Santaliestra et al, 2006; Gomez Isaza et al, 2020).

of o|8%l SO{(EAH 166+39 g MH 103+07 cm)

Al
2

==
—

OlA =X| 7|2t SO OfY 23| A 0] ZOIBIR 2, 24.7°C, 8.08 +

K|AHs E(LCs, Lethal Concentration 50%)= SHSX0 Z& Al

62| SA| Lot HEIZ FXIZIAC o

FEE 30 L 7l A 28 0183 6749 S=77H0, 4,
20, 100, 500 % 2,500 mg NOs/L)S 2, OECD TG 203 (Fish Acute

Toxicity Test)2 E1S}0] 96A|

[N

2o7

{7} 50% HAIE

3]
=]

4

.
(=]
[=}

= UCKSingh and

Manjeet, 2015). XA 0| +=F2 542 YL E 20|35,

=
=

ofH] ‘= AB(100, 500, 2,500 mg NOs/L)2| Zut

B0

£ 0

2 HMZEKNO;, Potassium Nitrate)

=
60000 mg NO;/LE THEASH, 2t =20 5=

= TN B4 =

S 2|0|$HCHNekoubin et al, 2012).

=
a4

Hu

K

o

http://jmls.or.kr



152 Fot- gt

of %A ==g MAIBIACE
2. b A E(LCsp)

oI Hik 0] et S|
TEF0,1,36 12 24,48 72 X 9%6AI7t == % A 75

5t on, HAL i BEElE SA| MAHFAULE 964
= i E0 oo 2T AL UM E HIECE %HIEEJ
(SPSS Inc, Chicago, IL, USA, probit model)2 0|-83}0] BtX
& #=X§ MESIAULCL

e
¥
>t
=
oF
n
i
i
I'2
¥
d10

T2

2
=

ofF o Y mu

_,_

3. gy

Yolisty BM2 01 AM LE 96AIZH T AOIQE IWHE
0|83l0] X{&S MA[SIRICE Y2 omt2l(Sigma Chemical, St
Louis, MO, USA) X{2|&l FAL7|E AtESHY

on, MY AE M
T14=(RBC count), 8|22 Z%l(Hemoglobin), H&
caiyg Al SMBIACE Hemoglobin =Xl YA-E kit (Asan
Pharm. Co, Ltd)E 0|83}0] Cyan-methemoglobin Ho2 &7
SIRATE Hematocrite ZAI2H {2 HAS HO{, Microhematocrit
centrifuge (VS-12000, Korea)Ofl Al 12,000 rpm, 1027t |ME2| &
Micro-hematocrit readerg O0|8310] S SCt RBC count=
Hendrick's diluting solution2 2 HAHZ 4008 3|4 =, hemo-
cytometer (Improved Neubauer, Germany)E O|23}0] &stsin|
4o 2 A+t
Hemoglobin, hematocrit 3! RBC count Z1tE HIECE HAHN
H1EX(MCV: mean corpuscular volume), B e Ag A2
oz
=

(MCH: mean corpuscular hemoglobin) X B M3 3|2

2™ (Hemato-

&E(MCHC mean corpuscular hemoglobin concentration)= Ofz2H
o| YAloz MEGHRLCE

MCV (ul) = Hematocrit (%) / H& =106/ L) < 10
MCH (pg) = Hemoglobin (g/dL) / & T=(108/ pl) < 10
MCHC (%) = Hemoglobin (g/dL) / Hematocrit (%) >< 100

EEO ME dFYRe HatE 45| 2ol
lHa| & &

3t %%% 4COIA 3000 x g2 2 15827+ AR = XS

22|50 & BI| Y222 Z&E(Calcium), OF1U|E(Magne-
sium)= 57S3f9"i[|'. Z&2 oCPCH f:U—‘II 2 XyIidyI blue-l

é%(GIucose), é‘HIﬁEil%(Cholesterol) e
£ €22 GoD/PODY, Z2

K=}
=
2 BiuretHOf OJ3f AR U=

Table 1. Lethal concentration (LCso) of mirror carp, Gyprinus carpio
nudus exposed to waterborne nitrate for 96 hours

Probability 96h (mg NOs7/L)
0.01 866.11
0.10 1,120.95
0.20 1,228.26
0.30 1,305.63
040 1,371.74
0.50 143354
0.60 149533
0.70 1,561.44
0.80 1,638.82
0.90 1,746.12
0.99 2,000.96

& kit (Asan Pharm. Co, Ltd)E O|E3IJLt BE T4 HMHO=Z
AST (Aspartate aminotransferase), ALT (Alanine transaminase) %
ALP (Alkaline phosphatase)E Z7HIICt ASTRE ALT= 505 nm
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£ kit (Asan Pharm. Co, Ltd)S O|83t0] 2Ms}QULCY.
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Fig. 1. Survival rate of mirror carp, Gyprinus carpio nudus exposed
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Fig. 2.

Hematological parameters of mirror carp, Gyprinus carpio nudus exposed to waterborne nitrate for 96 hours. Values with different

letters indicate significantly different (o < 0.05) after one-way ANOVA following Tukey's multiple range test.
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Fig. 3. Inorganic plasma components of mirror carp, Cyprinus carpio nudus exposed to waterborne nitrate for 96 hours. Values with
different letters indicate significantly different (p < 0.05) after one-way ANOVA following Tukey's multiple range test.
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Fig. 4. Organic plasma components of mirror carp, Gyprinus carpio nudus exposed to waterborne nitrate 96 hours. Values with different
letters indicate significantly different (p < 0.05) after one-way ANOVA following Tukey's multiple range test.
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Fig. 5. Enzymatic plasma components of mirror carp, Gyprinus carpio nudus exposed to waterborne waterborne nitrate 96 hours. Values
with different letters indicate significantly different (o < 0.05) after one-way ANOVA following Tukey's multiple range test.

off FoHar =Aof HHE = A2, Ol =FYUS2| d% X}, A L E0f| M2 96A|7t Bt XIAtSEE 143354 mg NOs/LE Lt
LE XA A MULT SO SHYo= A8 U HAE & ERCh gHHoR FMTPOM FEE M SE= 12581~
2t 4 QACHRomano and Zeng, 2007). 2 ATOIA Q14 ELb 15186 mg/L(BT 13677 + 656 mg/L)OIX| 2, ZSHO|THA] AL A
28 £E2 oo XFHQ FTHo= HBYOH, A9 F AHS 018F B2 HP =2 &9 A LEZ Q3| 0172



15 December 2023; 8(2): 150-159

CHEF T ARZF 2ME = UCHJung et al, 2021). Igbal et al. (2004)
2 common carp, Gyprinus carpidF-A): 368 g, & 153 cm)OllAf
0l HAkO| 96A|Zt B EO MHE BtX|ALsZ = 865 mg
NO;/L22 ERYCE Oz HAO| O|Fo MAA Cisf 5H2
2 A8 ol /4 A ot
OfL|at =& &9 Fito| MF of X|YHQl &=4g =
25t0] T2 HAE FEURUCED TEREICE Scott and Crunkilton
(2000)2 96A| 7t AM FH ZEOA fathead minnow, Pimephales
promelas X|0{2| ts=E 1341 mg NOy/LC 2 E5HY
S, chinook salmon, Oncorhynchus tshawytscha = H: 2.8~9.9 g,
M 6.7~10 cm), rainbow trout, Onchorhynchus, mykiss'2:
2~8 g, ™% 76~115 cm), channel catfish, /ctalurus punctatus(™

HH|E ol
=HIE 22

=
|.|-|
rot
B
o]

t

=
=+
>t

>

& 5~7.6 cm), guadalupe bass, Micropterus treculf2-Al: 65 g)2l
i 28 BF LG 2t 25 1,250 mg NOs/LOIA 1,400 mg

NOs/L H2[0f &3t 2 08IRACE Seo et al. (2019)2 blackhead
seabream, Acanthopagrus schlegeli IS 2 =014 40| 96A|
Ut a8 &0 BXASEE 27|0f et 2HESHAD, 01F2
3717t HEFE 01 "M Do LjEo| Mo Z =4 Lt
EtctCtn 2 NSHCHEA: 71206 g, HE: 76 £+ 09 cm: 2,505 mg
NOs/L, 2A: 71335 g, M&: 161 £0.7 cm: 2,633 mg NOs7/L).
Ol X|0f CHAOIM =4S H0I| TS 20] A[ARI0| HESHX| &
of dOjMoz Hi E0| o DASH g3
fotof et ChYeh 2td =S40 o
ZHC}. Baker et al. (2017)
0| WM E CHEA LR = QU0 FEBIA

. O mykiss?| =014 EAto| 96A (7t F4 =0 M2 dhX|A
EE H(VSW, 10~15 mg/L as CaCO3)0llAl 808 mg NOs,
(HW, 160~180 mg/L as CaCO3)0fl A 1913 mg NOs7/LO|2f

2, BEMY 2 Y

N
0x O
ox

OF

2 L 4
0x
o
HC
x NS
[0 o2 4> dm

N 0%
rir

bal

- o>

)
mo
1o 4% o

rlo
0.

<

rir

~
=

otol
o> mY Mt 1o rjo ooy

r

il
rir
4>
ol
<2
iz
=
el
Ir
2
ot
>
T
>
1%}
=

o©
ro
il
A
rx
1=
u =
2
bl
|o
bu
oot o
>
ksl
o
njo
o
lo O
]
A
rx
H—
M
=y

=
I'|[LI
[N
= B
L]

|_‘| 1]
1
3¢
_l'_|_
bal

0X mlo
ba
>
1o
— 0
ox =2
of
vl
rr
0=
Mo
10
o
o3
N
na
re m
my ool
B

0=
[N e
ro
e
Hr
o)
T
sl
ox
H
el

rig
o
bl

o o 1A
©

0x
2
i)
rex
o
0
T 4o

)
1
|0
tu

H
fo

ot
=
=]
n

4% Jn X rlo 2 rot oo ¥ 4> o & 0% O
g Mo
=
110

= =
HUstd do2 M LE0| SFME0A 0/X|= oz &
H IS ofdlste XHE ABED, 5 &0 IE 0F
17 ME|E "IIStE X|HEO|CHYang et al, 2019). Abdel-Warith
et al. (2020)= African catfish, Clarias gariepinus2| B4t =Z0 A
RBC count, hemoglobin & hematocrit2| F2|& Z#AE 215
Ch Ol= Mo =X& Zito] HH M=ol Y Exdds X
2t ok ot MEe| AN &4 X 8YS LUAA &
Yo7l AnZE CHEICH Gomez Isaza e

=
al. 2021)& Hib =E9| juvenile silver perch, Bidyanus bidyanus

lo

|10

(e]3
=]
2
=

—

i 29 =E0 TE gojol Masty #Met 155

0l Al hemoglobind} hematocrit2| F2|& ZAE ESHRILE Yang
et al. (2019) YA| spotted parrot fish, Oplegnathus punctatus?t &
Ab 0] 28 hemoglobin2| Fo|& ZAE YoziCtn Edt
ULt Ol ZEitel 54 MEO| 2228 E HEYE=2He
2 MU EM B E2 2 SEE AT, oR0A
=g 3 HEHZIZHESS Y2Z = {UCL Adeyemo et al.
oog)= 29 Hit =0 Q8| ¢ gariepinusH Al RBC count®l
Oo|H ZtA0t & MCV, MCH . MCHCO| |98 B7IE &
=E0| RBCE| HFEE YA

d
2 3 A |0, RBC counte| SoM Z
|

B
r—?—" I'|I' >_\L|_
> 0% o ¥ L2 K

o
B =

Ch 2 0N =21 it &
012] hemoglobint hematocrit®| 2| Bdhe A ET|X| AR
2, RBC counte RN = ZASHRALL Sherif et al. (2020) YA
Nile tilapia, Oreochromis niloticus2| 24 Hit = E0|AM HET ot
) %A MEp W MBLE QI RBC count 27t Aojd
= QUCHD 20stAct 2 AFo|M =01 24 =&0) 3 &
019 MCV & MCHE RO S7t5 2271 HHH, MCHC2| &2
& Hghs LIEHLIR] QEQUTH Presa et al. Q022 24 Fit =
ol M mullet, Mugil iza2l MCV H MCHS| Z7t5 E18QiCt 2
MOl LIEH MCV R MCHO| RoIF B7hs B ER O
S My MZo| BE0 o3t o2 WEHE|D, Zulfahmi et al.
(2021) GA| HAt 50| Mo 52 fYY £+ Ut FF

=
SIGICE B4 T 0| 02 Hojo| Yoy

rot

-~

O =
RBC count®| MEHA ZtA7} AojLt o= HEtE

C
% 271929 calciumt magnesium2 34

o 23420 Yax
S 3j0] 2ol

BolE HItE = s X|EO|H, M|Z=Lfo| MEAX
StCHAdedeji, 2010; Shi et al, 2022). Kim et al. (2017)2 sablefish,
Anoplopoma fimbrisd| Al ZE2L|0F =&0f| o3t X calciumt
magnesium?| {o|H ZtAZS ENSIUOM, 0| ARL|OH0 X|
£HoZ LEE0 M2t 0172 0|2 ZTH S| Toy7t Ldst
ZAntatn FESISCE Azevedo et al. 2004)= O niloticus®| 28
OtEAN =Z0|A EH magnesiuml| {o|8 ZAE B8RS
O, Ol= OFEM =40 ofsl AEO| EYEAS #0t OfLE}, Al
Ln

_ =
S O[22 QI8 magnesium S47
2

% Mo o

FHAXMOZ oYX

A0t FEGHRCE 2 AR s=old Fit 28
f % 27|98 calciumIt magnesium 82|
£ 0|2 ™ AAH”O| &YE[0f LEHt

22l glucoses 0172 523 O|HX|0|H, =
ol
x

=] |
=
=ER O3 0RO AEA HEY, SHEW| HZ WY

4> ox

http://jmls.or.kr



156 Fot- gt

MEfAE BtE + As F8 XHEMN d2| MEECHKavitha
et al, 2010). Yu et al. (2021)= turbot, Scophthalmus maximusOll A
A =20 QI8 E glucose| RO FIHE EIGHRILE Of
20| OfF HMLjol MitaF S FLUSH0, A CHAL Bzt

sl "Mt E=E O glucose?t Z™E ZntZ THEHEICH
Schram et al. 2010)2 C gariepinus®| ZZLIOF &AM HE
glucose?| R/ F7IE HSIYCH, 2 ARE 0|2 HiH
EIZ s Zast o4X|7t Fotetol mat B glucose?t T
et 4= ACtD FHSIALCE Hamlin et al. (2008) FA| EAH| =
g

mu rir

J

=l Siberian sturgeon, Acjpenser baeridll M E% glucosel| |2
S7tE Bt AEYA SF0M OlFs AEY A0 MY
=5317| i 23 X 20| Skt mat M
glycogen LEI} BL|0] EF glucose T &
(Datta and Kaviraj, 2003). 2 AT0Af =0l EM
U2 k00| HE glucose= SOHOZ 78I oH, Ol
TE =g 0lof izt 79| AEHA X H30/2tn
EiCt

Y R7IM8E B cholesterole ZE AH|Z0|E S22 MK

8 SHO|H o7l X|Z CHALO| HO{BHCHXu et al, 2022).
& cholesterol 4=X|9| BSt= glucose®t 22 CHE EH 2719
0ol o8l Yzks EH=ChWalker et al, 2020). Sachar et al. (2015)
2 cabdio morar, Aspidoparia morardild E4t =E0f| ot HX
cholesterol®| /2% S7tE ESIAUCH, Ol 7+ A0 FH
B MO 2t 7S MOAHLoEM ZE 9 HHHel 7|50
HOHE Yozl ZAntetn FHBIQACL BHH Zhang et al (2021)2
Chinese perch, Sinjperca chuatsiP| OFE A Z0|A A choles-
terol2| Ro|X AAE HIGIRCE Ol OFEM EZ Qlgf &4
Bl 7o AT EHEX| RRHLZN AL ZF FOi7H LojLt,
& cholesterol ZAE R 5= ATt
AEY A SHFOM OLX] ik ZEIS Qo XE 2 =F
o|g&ol et gagt TN
4 24 348 =E50 TE 202 P cholesterol| F2|H

ot BEEX| YRten, ol AM wE0 ME Bt I
cholesterolOf| Al MBHM o= LIENE = UZS 2|0|siCh

Total protein2 =4 L E0i|M 072 YHHHOl 12 AEfS} Y
SO Bt M= F2 0|8 = Y2tety Oi7f #a=0|
Ch(Lavanya et al, 2011). Sathya et al. 2012)= In
Girrhinus mrigaleS| 28 B4 =E0M € total protein®| {2
M UAE 2SR 0H, Ol SYSHO| XSH2E EE Of

? |

Rt EYHY 232 RAISH| o5l HHES 01831
N
o

SO X

whs

i
a1

=i

ULt

=0

.
4

dq
[e)

rx

= ]
rn

lo

0 Hr me

N

rE ro hu rjo me

4>

o O
o
>
O
>0
Q
<
no
Q
]
rhr
e 0

dian major carp,

b

HISH HXIE SFAIZ! 202t FYSIRACE Das et al. (2004)y=
AmL|Ot| =EE C mrigaldlM B total protein®| R2IH 2
A Bnsiyon], JmLjot S40i| Qs aE MEO| Hid
HOHE Yo7, PF CHUEOl MEo &42 YT = Ittt
FYSHAULCE SHR|TE 2 AN oY BM S LE0 TE

gkofo| EX total protein®| F2|& B3tz THENZ|X| URUALY,
T SAME B AST AT U ALPE AEZ A XM OfF
ol HZg Hile FR XHO|H, S22 =50 2 2t A
O 2H402 Qs HFo2 JFEL0 YHHNoz FIHEX|T
2Hd SUE XRefote 4 50 QsiMe 0o mE &

r =

>

7t LtEbE &= QACHPalipoch et al, 2011; Copatti et al, 2019;
Ghafarifarsani et al, 2021). Mary et al. (20152 24 &M =0
Ot grass carp, Ctenopharyngodon idella®] B AST % ALTS
7OH Y25 BUSIon, A Lo FHE EiH0| A
2 NSt olFo| LiAtetE WElE REY 4+ ULt FHBIA
x = xR

o

7t

Ct. lkeogu et al. (2004) SA| C gariepinus| HA L Z0j| A

AST, ALT & ALPO| R9oX ZtAE ghgiRon] Hit =40
Mzato| Futd S At Welstn W 2 MHS ARAA,
O 201A dotetd HOE oz 4= QUCtn FYSIYULE & AT
OlM =0y Ei S8 50 M2 0o T TaEE AST,
AT 3 ALPE FOECR AASIUCH, Ol A EE QI
ZRE &40t 7|5 Foi7H o{HF22M AST, ALT & ALP| &4
O] AdX|E ZntZ TEHEIC

2 AN DEEo| =014 Ei> 2500 mg NOs/L) 28 =
E2 09| =2 HAE RSN, ol EA =0 ot
2 30{9| 96A|Zt HX|AHSEE 143354 mg NOs/LZ LtEtS
Ch =0l Hit 278 =E2 Z0{o] FHSHN dotut dEEE
oM Ro/X H3lE LIEILRICH, 2 ddol dits G sk
O|&ol =01 Mt 54 =0| &0{o| MES0 ZFHl I
2 0/ = Aol dUsh def Sl ARER0 HalE X
3 AUSS ZQISHRICE ShX|CH ZA =0 [HE XA CHYSH
LIEHE == o, g5 Ciyst SHAZZ0|AM ol Hi 54 S E
Sl =t 2ol g Aol T O|X|= =4 ol CHslf
7tEol Aot Hag 2ol

023

Abdel-Warith AWA, Younis ESM, Al-Asgah NA, Rady AM, Allam
HY. 2020. Bioaccumulation of lead nitrate in tissues and its
effects on hematological and biochemical parameters of
Clarias gariepinus. Saudi Journal of Biological Sciences 27:
840-845.

Abhay DS. 2013. Comparative study of cholesterol alterations in
a freshwater teleost fish, Amblypharyngodon mola exposure
to heavy metals. The Bioscan Journal of Life Sciences 8:
1001-1003.

Adedeji OB. 2010. Acute effect of diazinon on blood plasma bio-
chemistry in the African catfish (Clarias gariepinus). Journal
of Clinical Medicine and Research 2: 1-6.

Adeyemo OK, Ajani F, Adedeji OB, Ajiboye OO. 2008. Acute



15 December 2023; 8(2): 150-159

toxicity and blood profile of adult Clarias gariepinus exposed
to lead nitrate. The Internet Journal of Hematology 4.

Alahi MEE, Mukhopadhyay SC. 2018. Detection methods of nitrate
in water: A review. Sensors and Actuators A: Physical 280:
210-221.

Azevedo M, Souza MM, Freire CA. 2004. Reversibility of deleterious
effects of the pisciculture byproduct nitrite on cultured Nile
tilapia (Oreochromis niloticus). Aquatic Living Resources 17:
19-23.

Baker JA, Gilron G, Chalmers BA, Elphick JR. 2017. Evaluation of
the effect of water type on the toxicity of nitrate to aquatic
organisms. Chemosphere 168: 435-440.

Bharati N, Kumar A. 2020. Effect of nitrates & nitrites on pond
water ecology of Madhepura, Bihar. Biospectra Journal 15:
129-132.

Camargo JA, Alonso A. 2006. Ecological and toxicological effects
of inorganic nitrogen pollution in aquatic ecosystems: a
global assessment. Environment International 32: 831-849.

Copatti CE, Baldisserotto B, de Freitas Souza C, Garcia L. 2019.
Protective effect of high hardness in pacu juveniles (Piaractus
mesopotamicus) under acidic or alkaline pH: Biochemical
and haematological variables. Aquaculture 502: 250-257.

Das PC, Ayyappan S, Jena JK, Das BK. 2004. Acute toxicity of
ammonia and its sub-lethal effects on selected haemato-
logical and enzymatic parameters of mrigal, Cirrhinus mrigala
(Hamilton). Aquaculture Research 35: 134-143.

Datta M, Kaviraj A. 2003. Ascorbic acid supplementation of diet
for reduction of deltamethrin induced stress in freshwater
catfish Clarias gariepinus. Chemosphere 53: 883-888.

Dutta B, Sarma SR, Deka P 2015. Lead nitrate toxicity on haemato-
logical changes in a live fish species Channa punctatus
(Bloch). J Int J Fish Aquat Stud 3: 196-198.

Ghafarifarsani H, Hoseinifar SH, Adorian TJ, Ferrigolo FRG, Raissy
M, Van Doan H. 2021. The effects of combined inclusion of
Malvae sylvestris, Origanum vulgare and Allium hirtifolium
boiss for common carp (Gyprinus carpio) diet: Growth per-
formance, antioxidant defense, and immunological param-
eters. Fish & Shellfish Immunology 119: 670-677.

Gomez Isaza DF, Cramp RL, Franklin CE. 2020. Living in polluted
waters: A meta-analysis of the effects of nitrate and inter-
actions with other environmental stressors on freshwater taxa.
Environmental Pollution 261: 114091.

Gomez Isaza DF, Cramp RL, Franklin CE. 2020. Simultaneous
exposure to nitrate and low pH reduces the blood oxygen-
carrying capacity and functional performance of a freshwater

i 29 20| IE gojo Malsty st 157

fish. Conservation Physiology 8: coz092.

Gomez Isaza DF, Cramp RL, Franklin CE. 2020. Thermal acclimation
offsets the negative effects of nitrate on aerobic scope and
performance. Journal of Experimental Biology 223: jeb224444.

Gomez Isaza DF, Cramp RL, Franklin CE. 2021. Exposure to nitrate
increases susceptibility to hypoxia in fish. Physiological and
Biochemical Zoology 94: 124-142.

Hamlin HJ, Moore BC, Edwards TM, Larkin IL, Boggs A, High W],
Main KL, Guillette LJ, Jr. 2008. Nitrate-induced elevations in
circulating sex steroid concentrations in female Siberian
sturgeon (Acjpenser baerjj in commercial aquaculture. Aqua-
culture 281: 118-125.

Heu MS, Kim YY, Choe YR, Park SY, Song HS, Choi JM, Kim JS.
2022. Sensory and Enzymatic Properties of Israeli Carp
Gyprinus carpio as Affected by Size, Part and Commercial
Value. Korean Journal of Fisheries and Aquatic Sciences 55:
1-9.

lkeogu CF, Nsofor Cl, Igwilo 10, Ngene AA. 2004. Haematological
and serological responses of Clarias gariepinus to sublethal
concentrations of lead nitrate. Bulletin of Environmental
Contamination and Toxicology 73: 911-918.

Igbal F, Qureshi 1Z, Ali M. 2004. Histopathological changes in the
kidney of common carp, Cyprinus carpio following nitrate
exposure. J Res Sci 15: 411-418.

Isaza DFG, Cramp RL, Franklin CE. 2021. Thermal plasticity of the
cardiorespiratory system provides cross-tolerance protection
to fish exposed to elevated nitrate. Comparative Biochemistry
and Physiology Part C: Toxicology & Pharmacology 240:
108920.

Jung HS, Shin BK, Bae JI, Han YT, Jeon BH, Kim YJ, Shin JA, Hwang
SI. 2021. Environmental Evaluation of Pyropia Aquaculture
Farm off Imja island in Shinan on the Southwest coast of
Korea by Multivariate Analysis. Journal of Fisheries and
Marine Sciences Education 33: 271-278.

Kavitha C, Malarvizhi A, Kumaran SS, Ramesh M. 2010. Toxico-
logical effects of arsenate exposure on hematological, bio-
chemical and liver transaminases activity in an Indian major
carp, Catla catla. Food and Chemical Toxicology 48: 2848-
2854.

Kim JH, Park HJ, Hwang IK, Han JM, Kim DH, Oh CW, Lee JS,
Kang JC. 2017. Alterations of growth performance, hemato-
logical parameters, and plasma constituents in the sablefish,
Anoplopoma fimbria depending on ammonia concentrations.
Fisheries and Aquatic Sciences 20: 1-6.

Kohanestani ZM, Hajimoradloo A, Ghorbani R, Yulghi S, Hoseini

http://jmls.or.kr



158 Fot- gt

A, Molaee M. 2013. Seasonal variations in hematological
parameters of Alburnoides eichwaldii in Zaringol Stream-
Golestan Province, Iran. World Journal of Fish and Marine
Sciences 5: 121-126.

Latif A, Khalid M, Ali M. 2014. Evaluation of toxic stress of copper
sulphate and lead nitrate on hematological and serum bio-
chemical characteristics of freshwater cyprinid (Labeo rohita).
Int J Current Engg Technol 4: 366-372.

Lavanya S, Ramesh M, Kavitha C, Malarvizhi A. 2011. Hemato-
logical, biochemical and ionoregulatory responses of Indian
major carp Catla catla during chronic sublethal exposure to
inorganic arsenic. Chemosphere 82: 977-985.

Li D, Kang D, Yin Q Sun X, Liang L. 2007. Microsatellite DNA
marker analysis of genetic diversity in wild common carp
(Cyprinus carpio L) populations. Journal of Genetics and
Genomics 34: 984-993.

Mary SCH, Bhuvaneswari D, Anandan R. 2015. Biochemical and
histopathological studies on lead nitrate induced toxicity in
fresh water fish grass carp (Ctenopharyngodon idella).

McGurk MD, Landry F, Tang A, Hanks CC. 2006. Acute and chronic
toxicity of nitrate to early life stages of lake trout (Salvelinus
namaycush) and lake whitefish (Coregonus clupeaformis).
Environmental Toxicology and Chemistry: An International
Journal 25: 2187-2196.

Monsees H, Klatt L, Kloas W, Wuertz S. 2017. Chronic exposure
to nitrate significantly reduces growth and affects the health
status of juvenile Nile tilapia (Oreochromis niloticus L) in
recirculating aquaculture systems. Aquaculture Research 48:
3482-3492.

Nekoubin H, Gharedaashi E, Imanpour MR, Montajami S. 2012.
Determination of LCsy of Lead Nitrate and Copper Sulfate
in Caspian Roach (Rutilus rutilus caspicus). Walailak Journal
of Science and Technology 9: 333-340.

Nolan BT, Ruddy BC, Hitt KJ, Helsel DR. 1998. A national look at
nitrate contamination of ground water. Water Conditioning
and Purification 39: 76-79.

Ortiz-Santaliestra ME, Marco A, Fernandez MJ, Lizana M. 2006.
Influence of developmental stage on sensitivity to ammo-
nium nitrate of aquatic stages of amphibians. Environmental
Toxicology and Chemistry: An International Journal 25: 105-
111.

Palipoch S, Jiraungkoorskul W, Tansatit T, Preyavichyapugdee N,
Jaikua W, Kosai P 2011. Protective efficiency of Thunbergia
laurifolia leaf extract against lead (Il) nitrate-induced toxicity
in Oreochromis niloticus. ) Med Plant Res 5: 719-728.

Paul S, Mandal A, Bhattacharjee P Chakraborty S, Paul R,
Mukhopadhyay BK. 2019. Evaluation of water quality and
toxicity after exposure of lead nitrate in fresh water fish, major
source of water pollution. The Egyptian Journal of Aquatic
Research 45: 345-351.

Presa LS, Neves GC, Maltez LC, Sampaio LA, Monserrat JM,
Copatti CE, Garcia L. 2022. Acute and sub-lethal effects of
nitrate on haematological and oxidative stress parameters
of juvenile mullet (Mugil /iza) in freshwater. Aquaculture
Research 53: 3346-3357.

Romano N, Zeng C. 2007. Acute toxicity of sodium nitrate, potas-
sium nitrate, and potassium chloride and their effects on the
hemolymph composition and gill structure of early juvenile
blue swimmer crabs (Portunus pelagicus Linnaeus, 1758)
(Decapoda, Brachyura, Portunidae). Environmental Toxicology
and Chemistry: An International Journal 26: 1955-1962.

Rodgers EM, Opinion AGR, Isaza DFG, Raskovi¢ B, Poleksi¢ V, De
Boeck G. 2021. Double whammy: nitrate pollution heightens
susceptibility to both hypoxia and heat in a freshwater
salmonid. Science of The Total Environment 765: 142777

Sachar A, Raina S, Gupta K. 2015. Stress of inorganic pollutant
(Nitrate) Induced histopathological alterations in haemeo-
poetic tissues of Aspidoparia morar. International Journal of
Fisheries and Aquatic Studies 2: 07-11.

Sathya V, Ramesh M, Poopal RK, Dinesh B. 2012. Acute and
sublethal effects in an Indian major carp Cirrhinus mrigala
exposed to silver nitrate: Gill Na+/K+-ATPase, plasma elec-
trolytes and biochemical alterations. Fish & Shellfish Immun-
ology 32: 862-868.

Schram E, Roques JA, Abbink W, Spanings T, De Vries P Bierman S,
Vis H, Flik G. 2010. The impact of elevated water ammonia
concentration on physiology, growth and feed intake of
African catfish (Clarias gariepinus). Aquaculture 306: 108-115.

Scott G, Crunkilton RL. 2000. Acute and chronic toxicity of nitrate
to fathead minnows (Pimephales promelas), Ceriodaphnia
aubia, and Daphnia magna. Environmental Toxicology and
Chemistry: An International Journal 19: 2918-2922.

Seo S, Choi EJ, Park J. 2019. Acute Nitrate Nitrogen Toxicity in
Juvenile Blackhead Seabream Acanthopagrus schlegelii
Korean Journal of Fisheries and Aquatic Sciences 52: 268-
273.

Sherif AH, Al-Sokary ET, Rizk WF, Mahfouz ME. 2020. Immune
status of Oreochromis nifoticus subjected to long-term lead
nitrate exposure and a Arthrospira platensis treatment trial.
Environmental Toxicology and Pharmacology 76: 103352.



15 December 2023; 8(2): 150-159

Shi YC, Zhao YR, Zhang AZ, Zhao L, Yu Z, Li MY. 2022. Hexavalent
chromium-induced toxic effects on the hematology, redox
state, and apoptosis in Gyprinus carpio. Regional Studies in
Marine Science 56: 102676.

Shrimali M, Singh KP 2001. New methods of nitrate removal from
water. Environmental Pollution 112: 351-359.

Singh BO, Manjeet K. 2015. Determination of LCs of Lead Nitrate
for a fish, Labeo rohita (Hamilton-Buchanan). International
Research Journal of Biological Sciences 4: 23-26.

van Bussel CG, Schroeder JP Wuertz S, Schulz C. 2012. The chronic
effect of nitrate on production performance and health
status of juvenile turbot (Psetta maxima). Aquaculture 326:
163-167.

Walker AM, Copatti CE, Melo FV, Melo JF. 2020. Metabolic and
physiological responses to intraperitoneal injection of chro-
mium oxide in hyperglycaemic Nile tilapia juveniles. Aqua-
culture 517: 734821.

Xu Z, Zhang H, Guo M, Fang D, Mei J, Xie J. 2022. Analysis of
Acute Nitrite Exposure on Physiological Stress Response, Oxi-
dative Stress, Gill Tissue Morphology and Immune Response
of Large Yellow Croaker (Larimichthys crocea). Animals 12:
1791.

i 29 =E0 TE gojol Ma2sty #Mst 159

Yang X, Peng L, Hu F, Guo W, Hallerman E, Huang Z. 2019. Acute
and chronic toxicity of nitrate to fat greenling (Hexagrammos
otaki) juveniles. Journal of the World Aquaculture Society
50: 1016-1025.

Yang X, Song X, Peng L, Hallerman E, Huang Z. 2019. Effects of
nitrate on aquaculture production, blood and histological
markers and liver transcriptome of Oplegnathus punctatus.
Aquaculture 501: 387-396.

Yu J, Xiao Y, Wang Y, Xu S, Zhou L, Li J, Li X. 2021. Chronic nitrate
exposure cause alteration of blood physiological parameters,
redox status and apoptosis of juvenile turbot (Scophthalmus
maximus). Environmental Pollution 283: 117103.

Zhang Y, Liang XF, He S, Li L 2021. Effects of long-term low-
concentration nitrite exposure and detoxification on growth
performance, antioxidant capacities, and immune responses
in Chinese perch (Sinjperca chuatsj. Aquaculture 533: 736123.

Zulfahmi I, Rahmi A, Muliari M, Akmal Y, Paujiah E, Sumon KA,
Rahman MM. 2021. Exposure to lead nitrate alters growth
and haematological parameters of milkfish (Chanos chanos).
Bulletin of Environmental Contamination and Toxicology 107:
860-867.

http://jmls.or.kr





