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Chronic Effects of Nitrate Nitrogen on Juvenile Blackhead Seabream
Acanthopagrus schlegelii in a Recirculating Aquaculture System

Seok Seo, Tae Gun Choi and Jeonghwan Park*

Department of Fisheries Biology, Pukyong National University, Busan 48513, Korea

This study evaluated the chronic effects of NO,-N on juvenile blackhead seabream Acanthopagrus schlegelii. The
experiment used six identically configured recirculating aquaculture systems (435 L), with three tanks (70 L) each.
The NO,-N concentrations studied were 0 (control), 62.5, 125, 250, 500, and 1,000 mg/L NO,-N/L. Thirty juvenile
blackhead seabream (18.842.2 g) were stocked in each tank. Growth and hematological changes were evaluated after
120 days. At the end of the experiment, the growth, survival, and cortisol levels indicated that blackhead seabream
were healthy in 500 mg NO,-N/L. However, insulin-like growth factor I (IGF-1) and the IGF-1 receptor were signifi-
cantly lower at 250, 500, and 1,000 mg NO,-N/L than in controls (62.5 and 125 mg NO,-N/L). Juveniles were likely
affected at a much lower NO,-N concentration than 250 mg/L NO,-N/L in terms of IGF-1 and the IGF-1 receptor.
Therefore, for the sake of long-term fish welfare, the NO,-N should be maintained at lower than 250 mg/L for black-

head seabream in recirculating aquaculture systems.

Key words: Recirculating aquaculture system (RAS), Blackhead seabream, Nitrate nitrogen, Chronic toxicity

M OB

A AAA & AL mlef AP S 2 A Q1A = W= A
skl Qlom, A&7k oA Wi of iRk e Aol A
=53l Qltk(Zhang et al., 2011; Liu et al., 2018). £]#3+73
o 2RE B o|o] B 215k o4o] 7kt e Alag
o] TR glom 4hishrt 2hiks] 3|l Qlth(Zhang et
al., 2011; Widiasa et al., 2018). 52|13 A| A8 29| 51l &
ShoapFA] A| ]S ARE-Sl= E0] o] Ao] SR e
Ux= B A| o At B AR A of| A A oftt. =gho]
TpFA] A SRS e ALk Bl SR 5
o] 733t ofrt oo} o} AARA] Z A A8 HFA| S 4= Q) A|HE
HAMEZ AAA] A7 A2 Y IR 2F 5 o] 0]F9]
AASS TAAZA 9371 QITh(Schram et al., 2014; Freitag

o= W

et al., 2015). —f_.\—' o] I}oFA] A|AH) o) A eES. 31242517
u ‘:’”‘@r RS H A AaE AAT 4= Ati(Hamlin,

olct. Sttt = A}%%ko %
F 42010) HgFE} %‘ﬂOI g 5 et st A9 @)
2 IS Ea) A A AHl

of Zo) AHg-S ol T
. of e /1408 ofelw Hlge] ol 57| ako] 4
QA $:29] FAA] H8517] gfalre AA B o
7}2.9] 3725 AP A 0] W42 o] v (Hamlin, 2006), w2t
A A of 3z 0] AL el A A M_ w70 AA ofFo
AL VERYA] b= AAM R A0 oFH & ulelsli= A
o] AdiE]ojof slr}, YutA o= E’_V\j%*g‘ Algl e ExJ Hzlo]
o E ol 47169 AL mIX XS B 18] A

m>4 ﬂll

*Corresponding author: Tel: +82.51.629.5911 Fax: +82.51.629. 5908
E-mail address: parkj@pknu.ac.kr
@ @ This is an Open Access article distributed under the terms of
@ the Creative Commons Attribution Non-Commercial Licens
S (http://creativecommons.org/licenses/by-nc/3.0/) which permits

unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Copyright © 2019 The Korean Society of Fisheries and Aquatic Science

https://doi.org/10.5657/KFAS.2019.0474

Korean J Fish Aquat Sci 52(5), 474-481, October 2019

Received 6 August 2019; Revised 20 August 2019; Accepted 29 August 2019
AL 2 A A, e (), B e (@)

pISSN:0374-8111, elSSN:2287-8815



A= Aofol digk

o}, o]} EAJo] LEFLIA] gk I8 (no observed effect
concentration, NOEC) E+ 4935 (lowest observed,
effect concentration, LOEC)E M= ARt 2 =
X Bk BT AR S A 891 FH0R o)
o] 2L it

2 38 oFo= Tkt guollA A Aol
THsst] 974 ol 4t BT e ofF 02 2t
ofz}op4] A8 ] A o102 HAI40] rhPark et al,
2015; Kim et al., 2018). ZWo|A+= FQ FAOAo]F o=
oA QLo 2ol QFERAL W AL BAE 3t
71, =857 S0 & Q8| 11 AJAlEFo] sfjutct Skekar
Slct.

1 QAo A Tl abA] A4
e A A oHE WA
= 7Ysh] Yol s
& S| 7}A1 % AT} o] I
A, Ak A SRl AT 2
oA A% AES Bsc,

¢
~
ol
2
)
o
of
ool
o
BN
~
el
[0
ol

N
N
> ox

2
N
o
i
0
ot > 4 o

¢

Iy

(98]
e
olft o
[
-0,

@ meh L N
1o

u

N

rlrr

o

0.4 cm, A5 18.8£2.2 go] %]
HH o2 SAEE 6719 £3Fojaeka] A
o, 7} A AA"RE 3709 8| AR
(034 mx 0.6 mx 0.4 m, 70 L), S-EA1712(0.56 m x 0.48
mx0.5 m, 160 L), A]4=2(0.44 mx 0.48 m x 0.5 m, 130 L),
R, &=, UVAT7| 2 s 24 =29 7
AE-S 300ke]Y S8} 900, AL -8 Z}7he] A el
200 W 3| E{(PERIHA, HengLan, China) 3715 0]-&3}] 25°C
2 A stk

ALY A4 A FEe AARER(NaNO,)E o851
7} A28 W& 0 (T2, 62.5, 125, 250, 500, 1,000 mg NO -
N/L7} |5 24 Abs 3wt =4 ok i 4
43t Iy o 2 AR 07 WSk A Aad FEE Al
ofs7] Sl 27k 28] 2t A28 W) AAMY Ak SRS 25}
Ak gt AN ESS 7 Folshs A o= Al2H Y
A A b S Ao skl S fAEESE
A TE AY AR (Deluxe N4, Woosung feed, Daejeon, Korea;
2T S1E 42%)E 471 23](10:00, 19:00) 7HE 351
A 12097F A8 AAsHIc B 122129 0.2 3
9o, pHi ZEHIRI(NAHCO,1 & Eofalo] $A/519itt

AR A B4 9% 475
23 Y 8% =7
£ pH, §&A4AE multi parameter meter (HQ 40d,

HACH CO, Loveland, Colorado, USA)E ©]-&3}o] 471 2
3] 24519}t G+ YSI meter (Pro2030 electronic probe,
YSI, Yellow Springs, Ohio, USA)E ©]-8-5}o] SA3% ) &
U obd Aae} opihg A4 717} indo-phenol A
1} diazotization B - ©]-8-519](APHA, 2005) 333 7
(UV-3300, Humas, Dajeon, Korea)= & 23] =43}t AAF
A A= 33535 A(DR 2800, HACH CO, Loveland Colo-
rado, USA)2- 0]-8-3}9] cadmium 2+ 2 (Method 8039)
o= A5k
A7HAEA RS, ALRAI,
U7 AE, AEES AXtsIlth A 8 & e AF o
&5 HIREE & AL &
g3t A S A= di ez A (coefficient of
413k 4 % (uniformity index, UI, )& 7

Bell (2002)]l 7|5 41 o8
sto] Aakstct.
S{0H EH A
=" =

A
Aao Ao gl A9

e SEECEEEES
2ARP) S18) 2F 4B 300kl (T 100ke))2) ofF 2

2R AEsle] 0.4 mL/L 2-phenoxyethanol (Tsantilas et
al,, 2006)2 o 5 Hole Aakgct. e Bajel o
£+ EDTA (ethylenediaminetetraacetic acid) tubeo]] =345}
hemoglobin} met-hemoglobin 27442 9|af) AR AT]. A
Ba)(4°C, 3,000 rpm, 15 min)E E3) 2e]¥ FH-L cortisol,
Insulin like growth factor-1 (IGF-1), IGF-1 receptor =7 9]
0]-8-5] %t} Total hemoglobin¥} met-hemoglobina cyanmet-
hemoglobin®'H 2 2 =731¢] tH(Cruz-Landeira et al., 2002).
Cortisol?} IGF-1+= 77} CSB-E0848E 4! E12122Fh ELISA
kit (Cusabio LLC, Houston, USA)E ©]-&3}o] =73l4 )
IGF-1 recepter= E160043 ELISA kit (Qayee Bio-Technolo-
gy, Shanghai, China)= Z43}%tt.

SAXz

E7) 2 2]= SPSS 25.0 S| 2 13H(IBM SPSS Statistics,
USA)E o]-8-313th One way ANOVA testE ©]-8-510] 79
A AN e, SAM o] EHHE S - Tukey's
HSD testE ©]-85t%1aL, swAdo] SREX] Aks -+

games-howell testE AA|5}o] 5-2]4 774 (P<0.05)2 33T

=
=

Z37HZ Table 19]] VFEFY

Abas, pH, 420-2 7471 7.32-7.36



476

mg/L, 7.61-7.66, 25.1-25.2°C2] ¥ 9] & vyebytom] AF 17t
of F-oJgt Aol & HYEPA] 2EATH(P>0.05). ol Ha
OF obAl A A w1 7F7F Bt 0.18 mg TAN/LE} 1.55
mg NO,-N/L o|5t2 fA =] qlet AAM] Aas A 5 5
Tk ARG EO R FAE ST

G

A 60L(FH=EDA ol 3% 23HE Table 2] LERY
ATk 2F ARTH A7 AJHEL0,62.5, 125, 250 mg NO,-

CCRECEE

U

Fe Aol A frolsHA ReHP<0.05). At Al e
62.5, 125, 250, 500 mg NO,-N/L A3l Lol A T 2719} 2] 5}
7| ZFo7k §121 2, 1,000 mg NO,-N/LE] Alg o] A= 5-2]
517 SQITH(P<0.05). AFEAIGE 250 mg NO,-N/L 5= ©]
sto Aol Ale tlzTte o7t Aol7t 1%l 500 mg
NO,-N/L 5% o]/] @l A f-oJ5kA s=3kth(P<0.05).
A 120G EFTEFDA o174 23S Table 3o LEh
ek A7 AbEAFES teTeh A AR Atololl foi%t
2to]7} QIQTHP<0.05). L}t 2% o452 500 mg NO,-

N/L AR olAf @ Afol7h glal ot S00mg NONL Ol N/L 5 o] apiie] dizppol u]s) igkon] AR EE} U3

Table 1. Water quality changes in the experimental recirculating aquaculture systems with different nitrate nitrogen concentrations to evalu-
ate the chronic effect on blackhead seabream Acanthopagrus schlegelii juveniles

(T;rggilt&% /[l) x;uﬁlor\i%”’_\l) (mg '-Il'::\’l\\llN ) (mgNr\%;—\lN i) DO (mg/L) pH Salinity (psu) Temperature (°C)
0 29.3+4.6° 0.18+0.042 1.29+0.57 7.34+0.10 7.660.11 31.1£0.42 25.1+0.2
62.5 63.0£1.0° 0.16£0.072 1.3810.67 7.32+0.09 7.61£0.10 31.5£0.5° 25.210.2

125 125.3+2.2¢ 0.15£0.062 1.3510.43 7.3310.08 7.62+0.11 32.140.5° 25.2+0.2
250 252.7+4 .59 0.15£0.042 1.3610.61 7.35£0.10 7.61£0.08 32.440.7¢ 25.2+0.2
500 503.4£10.0°  0.16+0.072 1.52+0.58 7.34+0.08 7.62+0.10 32.940.7¢ 25.2+0.2
1,000 1,010.0£16.8f 0.09£0.04° 1.55+0.57 7.36+0.09 7.64+0.10 33.940.9 25.1+0.2

P 0.000 0.000 0.469 0.598 0.087 0.000 0.308

Values (mean+SD) with different superscripts in same columns are significantly different (P<0.05, n=240 for NO,-N, 25 for TAN and NO,-
N, and 120 for DO, pH, salinity, and temperature).

Table 2. Growth performance of blackhead seabream Acanthopagrus schlegelii juveniles with different nitrate nitrogen concentrations after
60 days in recirculating aquaculture systems

Target NO,-N concentrations (mg NO,-N/L)

Parameters

0 62.5 125 250 500 1,000
Initial biomass (g) 57352 5641162 553182 5691162 566+11° 570142
Final total biomass (g) 1,891+562 2,000+1052 2,020+ 1642 2,045+1062 1,359+42° 900+20°
Feed intake (%/d) 2.55+0.02% 2.55£0.17% 2.4440.04° 2.4910.15% 2.9610.092 1.5610.38°
Feed conversion 1.25+0.04° 1.1940.12° 1.1240.06° 1.15+0.09° 2.0040.12° 3.3740.05°
Specific growth rate (%/d) 2.04+0.072 2.1440.072 2.1940.122 2.1610.042 1.4810.07° 0.46+0.11°

Values (mean+SD) with different superscripts in same columns are significantly different (P<0.05, n=3).

Table 3. Growth performance of blackhead seabream Acanthopagrus schlegelii juveniles with different nitrate nitrogen concentrations after
120 days in recirculating aquaculture systems

Target NO,-N concentrations (mg NO,-N/L)

Parameters

0 62.5 125 250 500 1,000
Initial biomass (g) 5735 564+16 5538 56916 566+11 570+14
Final total biomass (g) 3,642157° 3,461+65% 3,509+154% 3,647+£39° 3,384+32° 2,171x192°
Feed intake (%/d) 2.07+0.01 2.14%0.10 2.10+0.04 2.11£0.02 2.09+0.08 2.17+0.11
Feed conversion 1.32+0.022 1.38+0.04° 1.35+0.03° 1.34+0.02° 1.38+0.03° 1.568+0.13°
Specific growth rate (%/d) 1.57+0.02° 1.55+0.02° 1.560.03° 1.57+0.04° 1.51+0.022 1.37+0.05°

Values (mean+SD) with different superscripts in same columns are significantly different (P<0.05, n=3).
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Fig. 1. Survival rate (mean+SD) of blackhead seabream Acan-
thopagrus schlegelii juveniles with different nitrate nitrogen con-
centrations after 120 days in recirculating aquaculture system
(P<0.05, n=3).
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Table 4. Size variability of blackhead seabream Acanthopagrus schlegelii juveniles with different nitrate nitrogen concentrations after 120

days in recirculating aquaculture systems

Target NO,-N concentrations (mg NO,-N/L)

Parameters

P value

0 62.5 250 500 1,000
Final individual weight (g) 1224212 118+20° 118+23° 1224222 1144222 98+25° 0.000
Final individual length (cm) 19.1+1.0° 18.8+1.02 18.9x1.12 18.8+1.22 18.1£1.1° 16.7x1.4° 0.000
Condition factor 1.73£0.14°  1.761£0.18>  1.73%0.13°  1.82+0.17* 1.8920.17°  2.03+0.272 0.000
CV-body weight (%) 17.041.8° 16.8+0.7° 19.8+0.8% 18.34£2.4° 19.6+0.4% 25.245.0° 0.013
CV-total length (%) 5.32+0.14> 5.68+0.40° 5.87+0.57° 6.43+0.33* 6.44+1.00>  8.58+0.48° 0.000
CV-condition factor (%) 8.19£0.68 10.36x1.73 8.03£1.73 9.74+1.21 9.40£1.67  13.29+4.51 0.133
U10-body weight (%) 47.2+6.8 46.3+6.4 45.4+6.5 41.6+7.2 51.19.4 31.8+11.8 0.159
U10-total length (%) 92.1+1.8° 94.2+3.7° 90.946.8%® 86.5+3.3* 88.7+8.3* 77.345.2° 0.027
U10-condition factor (%) 79.845.6 81.049.2 86.4+8.8 76.3+3.8 72.7410.3 68.6+7.9 0.169

Values (mean+SD) with different superscripts in same columns are significantly different (P<0.05, n=total survived individuals).
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Table 5. Stocking density changes of blackhead seabream Ac-
anthopagrus schlegelii juveniles with different nitrate nitrogen
concentrations after 60 and 120 days in recirculating aquaculture

systems

Target NO,-N Stocking density (kg/m?)

(mg NO-NIL) Initial 60days 120 days
0 8.2 27.0 52.0
62.5 8.1 28.6 49.4
125 7.9 28.8 50.1
250 8.1 29.2 52.1
500 8.1 19.4 483
100 8.1 12.8 31.0

rus aurata)°| A R FIFEE0] 2.76% 470 H(Ruyet
etal., 1995) o} A A 4+= black seabass Centropristis stria-
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Table 6. Hematological changes of blackhead seabream Acanthopagrus schlegelii juveniles with different nitrate nitrogen concentrations

after 120 days in recirculating aquaculture systems

Parameters 0 62.5 250 500 1,000 P value
Hemoglobin (g/dL) 12.28+1.65 12.12+1.77 12.70+2.00 12.30+1.97 12.58+1.84 11.42+1.98  0.126
Met-hemoglobin (%) 0.37+0.16 0.3940.13 0.45+0.13 0.42+0.15 0.40+0.13 0.37+0.14  0.281
Cortisol (ng/mL) 2.27+1.582 4.29+2.15° 3.7442.70% 2.98+2.49% 3.8945.16% 8.601+5.64¢  0.000
IGF-1 (pg/mL) 212.04+52.972 207.65+43.10° 180.98+53.26% 163.41+44.24> 137.63+40.05* 120.22+31.23¢ 0.000
IGF-1 receptor (ng/mL) 40.94+3.06°  40.51+6.442  38.52+6.22®  35.663.77° 35.1945.72° 35.0242.92°  0.000

Values (mean+SD) with the same superscript within the same row are significantly different at P<0.05, n=30.
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0] F=7t S7FsHAA ofF ATl A St e
2ol 7 e AR|= el ek 53] Als 57l vls 2ol A%
o] 2Ed 2 2QI%l LMY Ao FFE H ol e AleR
B oIt} Largemouth bassE TAF O 2 AR W O] kS A}
T AT A ASEE T 2 adlo] /HA AlF H A
Aol kS Fuhal B Sk} QJch(Park et al., 2015; Park et
al., 2017). o] AA5tollAl= 7N A2 Als-af 2172] A vt of
Ueh Bt iks SR AlFy) Aol st SR
= A W7} S7FsHH A SobR| 1 A A|7ke] 2po] 7} A X et
31 5hgict oot FAIo] A4 AR Blgrol A= BT
2716t T FAGE FAET) ZATTT holeh AR A}
51710, A, Ao 242 Qg ] AITka el gk
(Marco et al., 2008; Sammouth et al., 2009). & A& of| A A}
A Axo] w7t 7P 9k 1,000 mg NO,-N/L Algl-2] 7
-, 37 Astet HANA S S7FE AR D E=TE 7S A 4]

At of2fRt Y& AR 7F AT AlS ) o] Zfo] 7}
WAsh= Gk AV EE T B ARES UGS
T ek w27 Abs o] tigh 28 7k A=t
FE517] fiZol| o] AofA A=} o 7] ATk AR
O] FAtol m|zl FaFo] A= Hes] &elsty] o Pk FA A
Aol A THg s ARSE Aol A S A G LS Eol= A
BPAR SN wif- SastERe AE TUE ARsS 9
o A Azl thet 27H219] A7t B s,

WA AL FHS At Tl hemoglobing
met-hemoglobin &2 HEHA| 7] O 224 A4S0 53-8 A 35]A|
Zltkar e At (Camargo et al., 2005). ©]#$t A= cray-
fish Astacus astacus (Stormer et al., 1996), fathead minnows
Pimephales promelas (Scott and Crunkilton, 2000), kuruma
shrimp Marsupenaeus japonicas (Cheng and Chen, 2002) &
A= B EQIt} o]2} I 2 rainbow trout Oncorhynchus
mykiss (Stormer et al., 1996)1} african catfish Clarias gari-
epinus (Schram et al., 2014)E A2 3+ AE o] A]+= hemo-
globin¥} met-hemoglobin &0l A] 2Fo|7} $1QiT). & A8 of
A BE Ao A hemoglobin} met-hemoglobin®] #}o]
7} 9101 rainbow trout?} african catfish®] Z23}e} §-A}5}A T}

B AgoA] 7H 35 =<1 1,000 mg NO,-NojlA] t}2 A
Aol vlsf cortisol =27} 7H4 =Skt B, african cat-
fish Clarias gariepinusE 24, 90, 261, 600, 1,676 mg NO,-N
Fof =EAIY Ao 429 53 cortisol 2|7} Hs}
A ¢FFH(Schram et al., 2014). 30¥ 59 siberian sturgeon
Acipenser baeri= 11.5, 57 mg NO,-Noj| l=EA X1 A7 oA =
cortisol 4=2| 7} H3}514] ¢FQFth(Hamlin et al., 2008). Cortisol
L o), 371, 42, YA, A5 B 244 2l
sbe eh) 2] 1 27 Wl we 2eld 4 9lcBarton and
Iwama, 1991).

IGF-12 S 34, 249 94, A 54 2 Bats =
A=t 5483 9 3ttt(Jones and Clemmons, 1995).
IGF-1-2 IGF-1 receptor®} mj7ialo] & A Lo 2}-8-517] uf
woll, A4l 3lof IGF-1 receptor®] S vll-p- FR8kth
(Duan et al., 2010). = A& oA IGF-13} IGF-1 receptor’}
250 mg NON/Lo|Ae] Al o4 24519k 545 20)
AA] AA wgof wE IGF-1, IGF-1 receptor?] W& U}
eh 77} RSl 5% iAo 65 F9FKNO, 3%7H %
Tl vjo] S 413/ 7o) AAHAR0) 49 AAkg Ado] 37
2 Q18] IGF-19] =7} 7H4st Z3E H 3151 v} Qlth(Jahreis
etal, 1991). YHFA O 2 cortisol & AEH A T 2E0 2 o
A oo, gt o 7] Ul B-o| 2 thalell Hol5}m(Vijayan et
al., 1993; Reid et al., 1998), IGF-1, IGFBPs 50| 5/ & 1t
HEy AEd|a7h Aol plxE A A0l AL ol 88 4
Qlttal 3Fith(Picha et al., 2008). Channel catfish®] 739, &
EgA 3259 cortisolS AbRol| H7bsto] 43:7F F53 24
o 2o Wl At Ak A FEo] 22 50%%} 30% 74
skal PN Y IGF-19] 55 HAaAF Tl sl cth(Peterson
and Small, 2005; Small et al., 2006). EZ+ A 2 =0 A}&
U = AEH A Q2Io| southern bluefin tuna Thunnus mac-
coyii, silver perch Bidyanus bidyanus, black bream Acanthop-
agurs butcherii®] & U] IGF-19] 5=& #AA17IthaL 51
H(Dyer et al., 2004) 2 Aol A = =2 FAMI H o] s
71 AEHA7LIGE-1 5 g4l 2F2or 4 A8
2108 283t A 0 2 ket

=AY Aol A 7HA A 1 A A (2F o AlF, AR
A, T E, NS E 7ol Slol A AHA] Zpol) SHo)
A] 250-500 mg NO3—N/L94 =T L7 TAE Zol7F o
T A o= Ao ' Yo u AJto] FapshHA W 5
Lol M= A4S Ashe] A7t HEE Sk AE71TH120Y)
FQ R oA T QL A R3] A A A8t
B A= AT A A IGF-132} IGF-1 receptor &
T7b dasiiinh wheba], 71291 B oA A EE =gt
TpFA] Al 2ol A ARS8 9184 250 mg NO,-N/L m|vHe]
AA Ao 5 FAISHs Aol A A o= wetkE )
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