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Effects of Ammonia Exposure on Survival Rate and Hematological Characteristics Changes in Juveniles
of Sevenband Grouper, Epinephelus septemfasciatus by Jung Hyun Kim, Jong Youn Park, Jeong Yong Lee,
Jin Hwan Lee, Hyung Kyu Hwang and Jae Kwon Cho* (Aquaculture Management Division, Aquaculture Research
Institute, NIFS, Busan 46083, Republic of Korea)

ABSTRACT We investigated that changes of survival rate and hematological factors in sevenband
grouper (Epinephelus septemfasciatus), exposed to ammonia. First, the fish was exposed and was
observed survival rate. We observed the survival rate of the fish when exposed at each ammonia
concentrations (0, 0.35, 0.4, 0.5, 0.8 mg/L, NHs) for 96 hours. The 96-h LCs (lethal ambient concen-
tration for 50% of the population) of NHs* and un-ionized ammonia (NH3) for sevenband grouper were
26.7 and 0.6 mg/L, respectively. Secondly, we exposed the fish to 96-h LCso ammonia concentration
(0.6 mg/L) for 96 hours, then sampled the blood of groupers for analysis of cortisol, glucose, NHs, GOT,
GPT, total protein (TP), electrolytes (Na*, CI") and osmolality in plasma. The plasma cortisol, glucose,
GOT and GPT were increased with increasing of elapsed time and ammonia concentration. In addition,
the NHs and total protein in plasma were significantly increased to 12 hours exposed to ammonia, and
then decreased. But, the values were significantly higher than the control. The plasma electrolytes
(Na*, CI") and osmolality were decreased with increasing of elasped time. The results in the present
study suggest that the continuous exposure of ammonia to juveniles of sevenband grouper may be a
stressor and negative influence.
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v Fhof 7}k A A| A "] (RAS, recirculating aquaculture
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AU 48E AEKAZ 5 e AL"ez2A A5 33
2 ol 5.9 A%l AT Al2HolthKim, 2011). et o)
0% FAo BABPHNLBE AR5 W) + LB
B olAE & FRUM A TS RS B
A A F ot= Ao] FAHLZ dobglth(Park er al., 2014).
4 g o NARE 259 B FEYoly Az
(TAN, total ammonia nitrogen)= F823F A4 ARz M,
P4 olFe] AEo] A FE U LA e (Col
and Armstrong, 1981; Foss et al., 2004; Park, 2005). A4
ol B 58 A9 ol Al FH=] B4
Q077 =3l (Randall and Wright, 1987; Paust et al., 2011),
W4 ol S U0} BFG FANA A=A S
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Table 1. Experimental groups based on ammonia concentration

Total nitrogen (mg/L) NH3(mg/L) Groups of Exp. Temperature (°C) pH Salinity (%o)
0 0.06 Control 253 7.59 335
15 0.34 0.35 mg/L 252 7.73 334
20 0.40 0.4 mg/L 24.8 7.65 33.6
25 048 0.5 mg/L 247 7.61 332
30 0.81 0.8 mg/L 249 7.79 33.8

7F9} g A7 @AYk} (Wilson and Taylor, 1992; Paley et al.,
1993). 183l gt Yo} EA4L o)A 22 729 75, BN
A9 v R 4 2 A AT 4 ol
oISl BEEE IA GEAYIE FaY Aol o
‘E}(Russo 1985; Jeney et al., 1992).

Ao2 oif AFUY W3 5ol andlag Vo
ejE St S, ST AR, P 2
] E]-(Knoph and Olssen, 1994; Wendelaar Bonga, 1997). 1

Qo= oprtn] T g F7t, B A, BH, Hol AH #
2, 4502 d 25 ol 49y 9 328 o] W3
T (Meade, 1985; Russo and Thurston, 1991; Dosdat et al.,
2003; Person-Le Ruyet et al., 2003; Pan et al., 2011; Roumieh
etal.,2013), A&H 2 =2d Aol A% a9 FHAto|
o]2 A =t} (Lang et al., 1987; Ip et al.,2001).

53 (Epinepelus septemfasciatus)= 15 (Perciforms)
whe) 3 (Serranidac)ol 31 ohedthy o1R2, obAlo} X o]
A 22 ARET ol A2 AdHe WS ¥
ol BN BEOE oA Qov], nolpe oiE
S 2% HAE w3 Itk (Kohno et al., 1993; Kim et al., 2005;
Song et al., 2008; Harikrishnan et al., 2012; Park et al., 2016).
AA7HA] FAdolol et AFZE o T d Ao e
(Kitajima et al., 1991), HAAY =84 AL (Kim et al., 1997),
A3 &% (Song et al., 2005), 27| Y EA} (Park et al., 2014),
25 = (Hong et al., 2015), 23 F&2] F&F (Cho et al.,
2015) @ 4L AEHA (Park ef al., 2016) 5] B A7}
SR AAT SBATFAS AT ATE HE Aol

2 Q7L SHOIE GHOE BATFANAG 4E
st £A4I7F He dRYol sk 7|ES AlASHLA 96417t
T FEYol kEof wE 54 Aol AEE ¢ AT
| 4 Wsks AT

_kﬂ

O
JPN B

ollAl 500L FRP 9@ R4 AHS 39l AR Hd A%
90+025cm, B AF 12.58+0.59 go| it &g AHa}
ANE B0 R F 360ute]E AHEStATH Aol 25 Fet
A FL 31T 23] AL FARE FEHAeH, AH
A& TEARE HAAF
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Fryol T k&0 IE FEE 9 967 XA
£(96-h LCso) & 2AFSH7] 918l Abd "ﬂ‘ﬂ]’“@E T & dR
Yol Ax9] 2=2 7}t 0, 15,20, 25, 30 mg/LE AR}
Zk AGs EEtaE Abezo] A4 40LE /\‘9‘5]'53
© ™, NH4Cl(Junsei, Japan)S F7}5lo] Ad4E 58 =
sttt ZF Aol ARl E 120HY =8akglon A4
Ao2 FAH3TE ZF 229 TAN, pH, 2, &= 545t
o] H]o] &3} ok o} (NH;)E Eshchar ef al.(2006)0] wet of
# Aoz At on, A4tE NH; =& o83t ZF 574
AFIL (2R, 035,04, 0.5, 0.8 mg/L)S AA8F9 T} (Table
1).

ﬂl_u

NH.*©NH; +HY

pK=0.09018+2727.9/(T +273.1)+ (0.1552 +0.0003142T)I
NH;/TAN =Ko/ (107 + K¢y)

o714, pK = —1og (Keg), Keq=[NH3][H"]/[NH4"]

T =temperature (°C)

[=0.0193XS (S= G+, psu)

dmyot ol w2 Agolo] HAHQ EHtH EF W
3= 2AWE] Y3 GE YOS 96-h LCs =2 AA 33T
7+ AP EotaE Az AitEl4 40LE +8519
oo, NH4Cl (Junsei, Japan)Z F7}sle] AF7E o2 =3
gk ZF Aol Aol s 15utey £EatgoH A5
Ao g8ttt 870 AET(0,3,6, 12,24, 48,72, 96A]
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skt

(K Mo ox H
O{N FU?:

S{0H
oH

A
(=)

A
1

4

4,

uk

g

I-_|

Jllﬂ
HI

FEYo o] wE Aol EHE B4 HIE =4
3t7] 43l 96-h LCso =04l 0,3, 6, 12,24, 48, 72, 96 A7t
2oz 1ootely B4 AHE SHATh

A YHYHS AdHE 40L ShAE A FxofA
tricaine methan sulphonate (MS-222, Sigma, USA)E 150 ppm
9 2 utstg o, heparin sodium A2 ® FAL7] (1
mLZ ATeld) 3 BHOZRE oI 223, U
£ (4°C, 12000 rpm, 108) & AL F&3510] 24 A7R|
—80°Ce] A& YFiLo] HEstiint.

g4 FE]EL2 Cortisol EIA kit (Oxford, USA)E AM&
=43k9

ofi
-

o EAHYEA (EIA, enzyme immunoassay)= L
o, A8 WEe B 2o o LolH|2 ethyl ethen® AHE
st % 100 pLERE AHES 23 T, organic phase
o

28ste] o] da 722 FEAZG FolES 100 uL
9] extraction bufferd] ¢l 3, o] 3 10 uLE TA] 990 pL
9] extraction buffero]| Tdle] 1008] 3|AA|AH MERE AFE
SHATH AE E= EFE9Y 50 uLE microplateo] 2¥HES
2 BF3 5, 22 9] Cortisol-HRP Conjugates 3 7}3}
o] A4 1A17F ¢ ¥-SAIF T Microplates 3H A&
3 &, 150 uL TNB substrate= Z wellof] £33 & A2
A 308 5¢F H-3-A]#A, Microplate reader (ThermoScientific
MultiskanSpectrum, Thermo, Finlan)Z 650 nmo|A S3 =&
2R3},

@4 22324 gwUoH(NHs), GOT, GPT, $ T4 (TP)
9 WA oL (Na", CI)S A5 WA Dry-chem
40001, Fujifilm, Japan)2 Z33}¥ 1, @4 454 == A

F4=A7] (Vapro 5520, WESCOR Co., USA)Z &35t}

5. A=A

2 AofA ol Ao gt FAEH 42 SPSS &
AZZ T (ver. 18.0)= AFE3}9] one way-ANOVA testS 5
3] Duncan’s multiple range test2 33k 7t F-94S AA
SFATHP <0.05).
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Fig. 1. Survival rate of sevenband grouper, E. septemfasciatus ex-
posed to ammonia concentrations for 96 hours.
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. MZES 9l X AFSE (LCso)

222 25+0.5°Co A & grmyobyd Ax9] H% (0, 15, 20,
25,30 mg/L)o) A o1& 96X 23X & HEES AR
A7, & gryoty AA9 =% 0 mg/L(HZ2FH)S} 15 mg/L
APTY FEEL 10092 20 mg/L AF FollA= 724]
7tk 96 A Tbol ZtZt 3ute], 4ntE] o] FHARA 7} Sl E o] FEE
& 247 75.0%, 66.7%= YFEFFIL, 25 mg/L AF Lo A 48
AZEE 96417 ol 242} sube, ouke] HARAZE gl Efo] &
&8 747} 58.3%, 16.7%2 UERE O, 30 mg/L AP Tl A=
24A7k0] AEE 50%5 AIZOE 96AIZ A= HAA 7
A3t (Fig. 1).

Aol T dRYobd da s AAFAA LCsos &
A%t A3, 24-h LCsp2 32.5 mg/L, 48-h LCsp2 30.0 mg/L,
72-h LCso2 27.8 mg/L, 96-h LCse> 26.7 mg/LZ e, w)
ZhA], AE 019 96-h LCsox & YEYoHY Had FE7} 267
mg/L, NH; 5=+ 0.6 mg/LZ YEFETH(Table 2).

i

Fr o} %% (96-h LCso: 0.6 mg/L)o]] WHE AEH AL A
gelstr] flsto] @ FE|EH SFIAY WIS 2AL

g 23 ¥ ZEEY A% 2= 63.67+£3.80 ng/mLE
2A)7k0]) 84.37+3.86ng/mLOE =& ZHS et
o, 96X 7t = 87.16£4.07 ng/mLE 7} & S U
Epich o xe} vwste] APF R 96AI 7R {2 Ao
2 FolAle A¥el eyt 8% 273229 AS dixt
L 6725+333mg/dLE YERtom 12471744 121.50+5 35
mg/dLE Fobfow 24X RE = 105.00+£7.622 Z4s)
FAT 2AAEE = AR} EobA A 964 7toll = 128.67+



16 23

rel

4IE ST 0|FE - 0|

(i3

rﬂ
OM
09k
4
B
=]
rH

Table 2. LCsy values in sevenband grouper, E. septemfasciatus ex-
posed to ammonia for 96 hours

95% confidence limits

Time (h) Estimate LCso

(mg/L) Lower LCso Upper LCso
(mg/L) (mg/L)
24 325 29.7 474
48 30.0 279 35.0
72 278 25.6 31.7
96 26.7 24.5 30.2

The 96-h LCso values are expressed in mg/L of total ammonia nitrogen in
water with 95% confidence limits in the parentheses.
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Fig. 2. Levels of plasma cortisol and glucose in sevenband grouper, E.
septemfasciatus exposed to ammonia for 96 hours. Values are mean +
S.E. Different letters indicate significant difference (P <0.05).

6.52mg/dLZ FolF oz 714 2 e Yeyit. ZHE
o oA 2 2ot vlaste] AHER 961 &
olF o g ol AFL & = AU (Fig. 2).

3. Y=LIOF H & Tl

1}

g7 dryoto] gzt FEE 690.00+48.66 ug/dL
2 Uetged 3ARE Asstr] Azkstel 12410/ 7H4]
3435+90.19 pg/dLZE 7P &2 & UelWlon, o]0 ZhAa

4000
3500
3000 £

ef

2500 &

cd

2000 H

NH; (ng/dL)

1500
1000 1
500

0 3 6 12 24 48 72 96
Elapsed time (h)

TP(g/dL)

0 3 6 12 24 48 72 96
Elapsed time (h)

Fig. 3. Levels of plasma NH3 and TP in sevenband grouper, E. sep-
temfasciatus exposed to ammonia for 96 hours. Values are mean+ S E.
Different letters indicate significant difference (P <0.05).

st= Aol vegey fHZ%LQ} Hwste] fojHo2 £2

2 eyt @3 & ez o] fjx1e] xl 334+
0.14 g/dLE YEEoH %*El% ofe} WA 2 3A7HEE A
A3 As3tr] AEste] 1247l 5.36+0.20 g/dLE G2
o7 71 w2 & Uet dith(Fig. 3).

4. GOT ¥ GPT

7t 71%A4 A& A9 GOT (AST, aspartate transamino-
ferase)?} GPT (ALT, alanine transaminoferase)9] &A1& XA}
g A7}, GOTY 2T =L 68.58+4.87 ULE Yeje
W Azte] ARUSE rpuct Golshl FAeke AL
Yetfiglom 96X 7kols 120.00+8.07 U/LE 7H =& 7S
Uel gt GPTY g2 =+ 7.25+0.37 U/LS YERY

o, GOTS} upzk7kA| 2 Aj7to] Zafghol| wheh tjz=-Hth
o8HA F7tehe AedFE EHem, 96417 o= 12.50+0.83
ULZE 7V & #& Ueh o (Fig. 4).

5. s & 02 (Na’, CI) & AFE 5=

gEUo} g AEY A0 O B Na'9 P27 FEL
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Fig. 4. Levels of plasma GOT and GPT in sevenband grouper, E.
septemfasciatus exposed to ammonia for 96 hours. Values are mean +
S.E. Different letters indicate significant difference (P <0.05).

Table 3. Levels of plasma Na*, CI™ and osmolality in sevenband
grouper, E. septemfasciatus exposed to ammonia for 96 hours

Time(h) Electrolyte (mEq/L) Osmolality
Nat Ccr (mO%m/kg)

0 157+£12.5° 139+8.7® 364+12.5

3 1424£9.8%® 130+8.1% 360+9.5%

6 154+5.5° 14152 397+5.8°
12 132+£8.1% 132+7.7%® 356+23.4%
24 124 +4 4% 126+3.9® 340+11.3°
48 143 £6.4% 145+5.7° 395+54%
72 126£5.1% 128 +5.3%® 3724924
96 117£6.5° 115+7.4° 302+6.9°

Values are mean=* S.E. Different letters indicate significant difference (P <
0.05).

157+12.5 mEq/LE UEFW L, 96X 7HA] 117 +6.5 mEq/LE T
Z e} v wete] foeHA Fadtes S et 8%
ClIo 2T EELE 139487 mEq/LYoH 48A|17F 0|3 A
A} gadhe AFE RQAT 2ok vlaste] o0l 2
ol YEhA (gtth @ HFA 5= A dxFodA e
364+12.5 mOsm/kgo| ¢ Nat, CI'at H]5:3 AFFS ety
ow AJzko] Aol we} 2} Blaste] foHor A
eSS & 4 ATk (Table 3).

YzLoF &0 ME 540 X|oje] YEEu dAMSIH EY 17

[
i

FAA =] drYol 54 gt WY A& LCso¥
Adtr o 2 FjAto] 7o A E Yo} 96-h LCso BH5%
0.09~3.35 mg/L, B0l 79 & yo}l 96-h LCso
FE5EHAE 0.068~2.0 mg/Letrl B9 o™ (Russo and
Thurston, 1991; Handy and Poxton, 1993), B]|I & Gol&F
of vl sfjitol 7] TR ¥ A ¢ ¢ Uk 2 &
ToIA 5ol Aoje] drryote] tigt 96-h LCso s=+= 0.6
mg/LE HEPHoH, e o159 eriyoto] tigk 96-h LCso
FEE= 29EZ, Sebastes schlegelii 0.09 mg/L, 35, Pagrus
major 0.03 mg/L, @& 7|, Ictalurus punctatus 3.1 mg/L, T3
M40y, Oncorhynchus mykiss 0.32 mg/LZ L}EFLY (Ruffier et
al., 1981; Cho and Hur, 1998), 541 o] 2] gtmyjoto] gt yjA
o] T sfjitol 7ol Bl 2 AS & 4 UM
dutd oz olfe FAT AW A3517] QA &
29] catecholamine®} corticosteroid®] W2 wglo] Ljel} &
For UEHY IFEE 27 A5 HER FEHES &
Ef A A7ZE o] 85t (Mazeaud et al., 1977; Mommsen et
al., 1999, Park et al., 2014). ¥ AFAE Yo} Zo
OE 5409 85 ZHE F=7F F7HHAET., ol Zol
dEYot =& WE EF ZHE & F7h= %A,
Salmo salar L. (Knoph and Olsen, 1994), FX]7<0] (Ortega
et al., 2005; Tsui et al., 2009; Wood and Nawata, 2011; Liew
et al., 2013), 2891, Carassius auratus (Liew et al., 2013), H]
o], Cyprinus carpio (Liew et al., 2013), W30y, Anguilla
japonica (Jo and Kim, 2014), 2322} (Min et al., 2014; Kim
et al., 2015) 59 Tget ojFoME BT it spA| 9t
Qo) Auel= dt 2 B4, Scophthalmus maximus (Person-
Le Ruyet et al., 2003)T} &5, Oplegnathus fasciatus (Biswas
et al., 2008; Park et al.,2014) 59 o]FoJA= dE Yol =&
o t2 8% 2HE HEst QAo FAstATh Al
Aafgtol we &M o2 Fasls AFOE HIHYT B
A7 AL dEUcl] w2 BE 7749 540 ¥
F Tezol md 2719 AN ASHoE Frlese
U o1 48412 AT HaSon olFolE thA] £7}
She ARE Hol shUole] 2 E S4o] Aol7t 27loe

[ "

=
9

oE off

3 AAHQl Gt AL 53 E 4= Qi

ojFol Mo AEF A O3t EH f ZEE FEHII= Al
ZAUEu] A 9 FABIA (gluconeogenesis) S FA|5H= gt
< o5t 0|2 IS EH Y FFRIAAY FTIE AEG A0 9
3 F7HE ovA atFE HIdse AeE HuFHY
(Vijayan et al., 1997). QHtA o2 FE|ET FEIX9 5=
ofg] 712 AEd A0 o A oA FRHES Tt &



18 2y '

rel

urEel . 0|HE - /X!

rﬂ
0|'0II
o9k
rH

RS

214 1. 2H (Barton and Iwama, 1991; Nolan et al., 1999), ©]
3t A3t= 59, Mugil cephalus (Chang and Hur, 1999), 115
o], Odontesthes bonariensis (Tsuzuki et al.,2001), ‘@ A], Paral-
ichthys olivaceus (Chang et al., 2002), 25, Acanthopagrus
schlegeli (Choi et al., 2006), 2T 22 (Min er al., 2014) S0
A% Busglth & Q79 BB R SELjo} 1Zo w2
Yo ) mEEg 240 FULSSHE S B 2 99
o,

olfE YR drYol FEo kFo] HYS wf FF U
9] H Yo} F7h= RN FUEE FRYot Fol &
TAR #Fo 2 WSt SR BY] o™ Min er al.,
2014), o8] AZolRoAE o|¢t e Ayt HuEy gtk
(Person-Le Ruyet et al., 1995). 3tA|9F 2 A F A= dmyo}
L& RAIA= A8 F7kste] 919 A= Y5t
A GEPEARE, 2447 B = A E&FH o7 skt o] Hgt
itz 40 o7t dRYoto] A&AH o2 =EEHH AZE
o] ATeel wet ASHA FozA B U Furloprt A
A8 fgastes Aoz F5 5 U AT ti2of H]
A= @ dRYol F= Aol =A UEhgTh

oJF9 EF W T dHAE iR @ A, 0% ¢
Ad ko] o] &L glom HAFHQ HEZol 7Y HfolA
OF 4~7 o/dL & 9] =97t et 9 AE A 2
o 2|7} A5ste Ao g2 HuE T (Turner, 1937; Ozaki,
1978; McLeay and Brown, 1979; Yanagisawa and Hashimoto,
1984). & dAFoAE= 2T FEE 3.34+0.14 g/dLE LHH
4ol AToiRe B U 5 U WG 27 Folt
P QSR YRk 3 1242 Skt 3 o
T2 Hasts AYS BYon, ojf3t At @4 ¢y
o 5o s} Ache A% 2 2l

L1y

A7l = Ao R &HA At Michael et al., 1987; Huang and
Chen, 2002). otu]lk= o] &4 GOTS GPTE A9 F&
2 &4EH A RN BH|E0] EFoE UEHoRE Y
GOT®} GPT 24 S3%E 1t &4 Ax2 gy o] &5
Qlth (Michael et al., 1987). ©]A 2] Jo and Kim (2014)2] o}&
Aol i WAl o] Ao A= GOTS GPT &/d°] S7tst
£ A9 20l 2 A vhe A} e

Ad o] olF7t 4% F2H Il SA4EE
o LE2HH AEY 24 Edho] A at A Y&
Z£50] = W37} YeYA EHoh(Nolan et al., 1999; Choi
et al., 2006). & A= Yo} Fof wE A Yo
Na'o} A5 F=¥st= AT Hfdo] FA=HA °}9JX]”}
= 3 Azte] Azt met foAA AAE YER

C

I folat o1E mol7] Yottt AuA o2 o7} o

o 74A) a9le] WE AEG 28 Ego] WA Yool
L WY ARG ST} oA 3, Sitel i MR Foba
ot &# A QA9 (Barton and Iwama, 1991), & L] 4] 2]
dEyote] l&H F40] Mol F Y Na* 529 fFas
Ak N+, Gadus morhua (Remen et al., 2008)9]- Zro] Na*t
o NH,* AF0]9] 55 44:0] AAo] oj5) 448 Aoz 47}
et

A0l Nolg HoE & & a7 AN =29 F ¢
ZUolA 22 (TAN)O 96A|17t =& A] LCso B& 26.7 mg/L,
FEUOH(NHy) 5= 0.6 mg/Le} mo} o w2 HA
Q1 SA 4 W 24 ZNE HPOR 23 o]
N2EE o] g3 A B FAlo] | 2ARE BE T
S 9 ol FF WHHY Lo} kdo] 3t 74

1

Q1 A7t Wag Ao AREr.
o OF
B5 =

E A1 = 5A 9] (Epinephelus septemfasciatus)s |5 &
o FA A 2] (RAS)O A-&st=d] EA7F H&= =Yoot
9 FE 7|EE AN Yot 96X Fet dEYoF &
of & AEE Y FHYHY B4 WHIE AT AES
Ao dEYol === tf=1,0.35,04,0.5,0.8 mg/LELS
1, 96-h LCso 5%+ 0.6 mg/LE YEtH 40 X]oj9] ¢
2o} 96-h LCso 5E21 0.6 mg/LolA] 0,3, 6, 12, 24, 48, 72,
96A|17 Ao = 12ute] 4] EH MEHS SHAth AF e &
"o} =& Al7to] ARErE % AEHE, FF31L, GOT
9 GPT 5%=7} $71ste A%E Eich 8% dEyotet &

iAo otmuol & DAL F78tga o]E 2
© HaSHPAN, dj2ek vlwste] o8t &2 dhe UE
Woleh m3t @3 Asdol2(Na*, CINI} AHFEYLS sk
o] wEE
At At
2 Ate FHPATSY ol el ek AlAY Ve
k33 (R2017019)2] A744] 2 Qo] 2J8) 435 A5 .
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