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Lethal Toxicity and Hematological Changes Exposed to
Nitrate in Flatfish, Paralichthys olivaceus
in Biofloc and Seawater
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Abstract - Juvenile Paralichthys olivaceus (mean length 19.8+2.6 cm, mean weight 97.8+15.8
g) were exposed for 96 hours to different nitrate concentrations of 0, 62.5, 125, 250, 500, 1,000,
and 1,500 mg L™ in biofloc and 0, 62.5, 125, 250, 500, and 1,000 mg L' in seawater. Median
lethal concentration values (L.Cso, the concentration at which 50% of mortality occurred after 96
hours of exposure) of nitrate to P. olivaceus in biofloc and seawater were 1,226 and 597 mg NO3
L™ (P <0.05), respectively, revealing a higher toxicity of nitrate to P. olivaceus in seawater than
in biofloc. In hematological parameters, hematocrit level in P. olivaceus exposed to nitrate was
significantly increased only at a concentration of 1,000 mg L' in biofloc and at concentrations
higher than 250 mg L' in seawater, but no significant changes in hemoglobin were found in
biofloc and seawater. In plasma parameters, aspartate aminotransferase (AST) and alanine
aminotransminase (ALT) were significantly increased by nitrate exposure in biofloc and seawater,
but no significant changes in alkaline phosphatase (ALP) were found in biofloc and seawater.
Results of this study indicate that nitrate exposure to P. olivaceus have a lethal toxic effect and
alter hematological and plasma constituents of flatfish P. olivaceus. Given relatively lower toxicity
of nitrate in biofloc than in seawater, the use of biofloc in aquaculture may reduce potential toxic
effect caused by nitrate in feces and feed residue.
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Table 1. Nominal and measured nitrate concentrations (mg L") in biofloc and seawater used in the toxicity test

Exposure concentration (mg Lfl)

Biofloc Nominal concentrations 0 62.5 125 250 500 1000 1500
Measured concentrations 09 67.3 133.2 268.7 533.1 1058.6 1441.2
Seawater Nominal concentrations 0 62.5 125 250 500 1000
Measured concentrations 12 68.3 130.5 2629 475.8 1081.7
Z 96AI7F Bt =EE S, 22717 B9 0,3, 6, 12, 120 4
24, 48,72 W 96AIZ RO ZF ol A HARRE A A A
) 100
A7 sksct. SN N
— q \ M——a
s 801 \ \
3895 B4 U Ag4E ] v
= ’
Z 60 AN
o= _ [ = _ _ S
SHUY F AET ANES olgstel, sty By £ SN
& AASHT. Aol RS F7d (Sigma Chemical, ® 40{ —e— Control N\
) ~ ~ _ ] e o 62.5mg I \3__ n— —m
St. Louis, MO)& A& FAZIE AHE-Sto] AHsH AT ——-v-—— 125mgL’ N
_ 20 { —+—A—--250mgL" .
Hematocrits 2A|S Y2 ddL Yo, Microhematocrit — - — 500mgL” o
. _ ——0O—-— 1000mgL"
centrifuge (VS-12000, =)ol A 12,000 rpm, 5E7+ A4 0 : . : : . ; : .
_ . . _ -, - 0 3 6 12 24 48 72 96
23 T Micro-hematocrit readerE ©|-83lo] =43} ch.
] . Exposure time (hours)
Hemoglobin 5=+ YA kit (Asan Pharm. Co., Ltd)E ©]
£3}9] Cyan-methemoglobinf 2.2 A3t 4 A& 120 ~
= A7) A3 AFHTE BAS 4°CofA] 3000x g O 2 5T ol - v o o o o o
7 gHRe ¥ AYL Relsin, AN
- = = - _ 80 -
Hag @02 3 U 434 A5 AST (Aspartate S \\
aminotransferase), ALT (Alanine aminotransminase), ALP *g 60 + \
(Alkaline phosphatase)E Z7438}%{th. AST® ALT+= 505 Té 20 \\
nmO]| A Reitman-Frankel¥], ALP+ King-King® 2.2 500 3 | o e S;’_ETE;L—‘ \\
1 __ B -1
nmol| A QAR kit (Asan Pharm. Co., Ltd)S ©]-&3}o] B4 201 - ;ﬁg mg ::—1 *\
- — = — 500mgL” N
Tt 01 —-—_;—-— 100(;nrgg|_" ~———
— —e—— 1500mgL™"

SHLBS N WANFEE probit LS o] 4310
SPSS &4 =213 (SPSS Inc.)o. 2 &ls}gict & AR
HE LZEAY sro & Z eutg]E E49 o] &35t
L 2E AYLE 3RHEC R o|RojFrh AP RA Aol of
3t FASHY F9/4d2 SPSS 54 ZE 1M (SPSS Inc.)= ©]
£3}0] ANOVA testE A A3} Tukey’s multiple range test
£ B9 <0052 0 $9l40] Y AL TEFAT,

z o
13499 F45H
B =) ME S0} vhol e B2YelA YA HE

0 3 6 12 24 48 72 96

Exposure time (hours)

Fig. 1. Survival rate (%) of flatfish, Paralichthys olivaceus exposed
to nitrate for 96 hours (Top: seawater, Bottom: biofloc).
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Table 2. LCso of flatfish, Paralichthys olivaceus exposed to nitrate
in seawater and biofloc for 96 hours

LCso Seawater (mgL™") Biofloc (mgL™")
24h 966.852 1340.131
48h 748.499 1226.773
72h 664.112 1226.773
96 h 569.677 1226.773
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Fig. 2. Hematocrit and hemoglobin of flatfish, Paralichthys oliva-
ceus exposed to nitrate for 96 hours. Values with different
letters indicate significantly different (P <0.05) after one-
way ANOVA followed by Tukey’s multiple range test.
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Fig. 3. Aspartate aminotransferase (AST), alanine aminotrans-
minase (ALT), and alkaline phosphate (ALP) in plasma of
flatfish, Paralichthys olivaceus exposed to nitrate for 96
hours. Values with different letters indicate significantly
different (P <0.05) after one-way ANOVA followed by
Tukey’s multiple range test.
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