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, (Wang
et al, 2017; Xu et al, 2018) (Kim et al,
2006) (Zheng et al, 2014) (Song et al,
2019) ,

, 24h 48h 72h 96h
, 48h  72h 96h
(median lethal concentration, LCsy),
(safe concentration, SC),
1
1.1
280 180.2+30.5¢
20.8+0.5°C, 1/3
, 1/
, 5% ) x
x 67cmx45cmx47cm ,
8 s >
1.2
(Boardman et al, 2004; , 2011; s
2018) ,
(total-NH3, TAN) 1 46.8 66.3
87.0 143.5 180.3 204.0 271.0 423.0mg/L
( ( HI96715) ) ,
1—S8, 8 , 96h,
s , 24h 172
1.3
, 6 1
, : 0( ,
) 87.0 124.5 143.5 180.3 204.0
242.5mg/L 2

8 ( HI9T715)

, 24h 172 ,

B b

, 24h 48h 72h 96h

( 30.0+1.0, pH 7.8+0.2,

20.8+0.5°C),
(non-ionized ammonia, N-NHj;) (Bower et al,
1978) 0( ,

) 87.0 124.5 143.5 180.3 204.0 242.5mg/L

0 1.86 2.66 3.07 3.86
437 5.19mg/L

1.4
(Finney, 1952)
( , 2012) (Nath et al, 1996)
48h 72h 96h (LCs),
: (Heinrichs
et al, 1981), Ig
1 LCso
D Xnwx, Xnwy, Znwx’,
Tnwxy  Znwy’, X,y b( )
Y =ytb(x—x), Ig[ ] LGCso
P Q)
1gLCso=1/2(X+X+1)(P+1-P;)
( , 2012) 95%
Sm
SPSS 28.0
R 48h
72h  96h
, pH
48h 72h  96h (LCsp)

(Bower et al, 1978),

21

, , (87.0,

124.5mg/L) (143.5, 180.3mg/L)
(204.0, 242.5mg/L) :
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24h , 2.2
( D,
b ; 24h b 2 >
> (48—72h) s s 1(3)
, 24h ,
, , 3.07mg/L
(72—96h) , 3.07mg/L
, , 4.37mg/L, 0 20.83%, 4.37mg/L
, R , 5.19mg/L (58.34%) ,
, 1(b) 1(c) 1(d)
, 48h 72h  96h , s
, “S”
24h , , 1.86mg/L
, , 2.66mg/L, 1(b)
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) , , ,  4.37mg/L 5.19mg/L,
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Fig.1 Mortality of O. minor at 24h, 48h, 72h and 96h in different concentration of non-ionized ammonia
:a. 24h; b. 48h; c. 72h; d. 96h
2.3 48h 72h  96h 1 e :
2 48h  72h
96h ( 1,
1 , 1.4 )
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®2 rRERESTHAXIER

Tab.2 Formulas and results of y* goodness-of-fit analysis

QO mwy)’ O w)’
Zyy=ZnWy2 —%ﬁ 25.74 ;{2=Zyy— %xx 5.55
Zw:znwxyfw 2.94 22 =(df =4 p<0.05) 9.49
(Z nwx)2
Dxx= nwx’ - S 0.43 SE(b)=1/> xx 1.53
: 2 (df = 4; P<0.05): = -2), 0.05; SE(b): (b)
) 48h 72h  96h
48h 72h  96h ( 3) 3
, 48h 72h  96h e et e b e
F4 BRITEFEHURE
204.59 159.57 122.51mg/L Tab.4 Calculation of median lethal concentration (LCsg)
Xz ( 2) . P<0.05 Xz determined by the Kochi method
2 LCso LCso
92.49, 96h LCsy 5 55 P<0.05 (f)  LCso(mg/L) (me/L) (me/L) Sm
X ’ (Martins et al, 2018) 48h 178.36 195.37 162.84 0.02
48h LCsy 72h LCsq * 8.44  6.53,
72h 147.41 161.77 13433 0.02
’ 96h 121.40 133.14 110.70 0.02

R3 BMERBAZFHEFBILRE
Tab.3 Calculation of the median lethal concentration (LCsg)
determined by Probit analysis

® e Lewmen
48h y=4.44+5.55(x-2.21) 2.31 204.59
72h y=4.62+5.21(x-2.13) 2.20 159.57
96h y=5.15+6.87(x-2.11) 2.09 122.51
4 5 4 , 48h
72h 96h
178.36 147.41  121.40mg/L,
, 3 ,
5 , 48h
72h 96h
180.83 156.86  130.86mg/L, 4
, 3 ,
: 3 4 5
48h 72h  96h
( 6,

x5 SMERVIEFHTEFBILRE
Tab.5 Linear regression for calculating the median lethal
concentration (LCsg)

() R*  LCso(mg/L)
48h y=112.06+137.53x 0.84 180.83
72h y=87.18+139.36x 0.92 156.86
96h y=49.49+162.74x 0.89 130.86

#z6 AMIFMIBT 48h. 72h F0 96h HIE HILIRE
Tab.6 The median lethal concentration (LCsg) at 48h, 72h and
96h under acute ammonia stress

®

(mg/L) (mg/L) (mg/L)  LCso(mg/L)
48h 204.59 178.36 180.83 187.93
72h 159.57 147.41 156.86 154.61
96h 122.51 121.40 130.86 124.92
3
Vig  (1987) s
McDonald (1989) ,
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>

Senthamilselvan  (2011) ,
Randall  (2002) ,
NMDA ,
(2018)
D ,
, (
) ,
48h 72h  96h
187.93 154.61  124.92mg/L (
6) (Bower et al,
1978), 48h LCsy 72h LCsy  96h LCsg
:4.02 3.31 2.67mg/L

, 48h 72h  96h

>

(Liew et al, 2013),

8)

®7 TEYMESRNIE o6h THEBILRERER)
Tab.7 The median lethal concentrations (based on TAN) of
different species under 96h acute ammonia stress

96h LCs, (mg/L)
(Apostichopus japonicus) 90.6
(Paa spinosa) 146.8
(Megalobrama amblycephala) 56.5
(Ctenogobius 163.7
gymnauchen)
(Sepia pharaonis) 11.9

®8 TEMARZMIE 96h THIFBILIRE
FAFBEFR)
Tab.8 The median lethal concentrations (based on N-NHj3) of
different species under 96h acute ammonia stress

96h LCs) (N-NH;)(mg/L)

(Cyprinodon variegatus) 2.07
(Paralichthys dentatus) 1.08
(Argyrosomus regius) 1.00
(Exopalaemon carinicauda) 4.95
(Palaemonetes pugio) 1.66
(Mysidopsis bahia) 0.76
(Mercenaria mercenaria) 37.90
7 , 96h LCs,
96h LCs( , 2019)
96h LCso( , 2011);
96h LCs ( , 2011) 96h LCs(
,2015) 96h LCs( ,2018)
8 ,
( ,2012);

(1.66mg/L)(Boardman et al, 2004);
(1.0mg/L)(Kir et al, 2016)

Feyjoo (2011) 24h
, 24h LCsy
10.7mg/L (TAN), 96h LCs,,
24h LCso (85.47mg/L)( , 2013),

(Lin et al, 2001; Romano et al,

2007), ,
, 96h
; , 96h
Chew  (2014)
48h 72h 96h (LCsy),
: SC= 0.1x96h LCs,
(Sprague, 1971), 12.49mg/L,

0.27mg/L
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14.70mg/L ( , 2019); , >
12.09mg/L ( , 2012); ) )
2.54mg/L ( , 2018) R
0.91mg/L ( , 2011)
, , ; 8 , 20d, 1.3(
) ; ) ; 9

R9 KIEEE. BEERRRAERRIT

Tab.9 Statistics on the wet weight, specific growth rate, and survival rate of O. minor

(mg/L) (&) (&) (%) (%)
109.94+12.33 102.10+15.55 ~0.47+0.29 7.51+1.39
6.25 117.14%16.25 119.41+13.86 ~0.06+0.13 8.25+1.37
12.50 112.23+13.66 114.54+14.27 0.10+0.14 7.98+1.65
SPSS , ,
12.50mg/L  P>0.05,
i % B REZM, RE KBTI
; 6.25mg/L  P<0.05, B B REA A AL, ) A
BB E AR, PEIEERFNEZEFTHHRLEHA
’ ’ AEEE. REM. FAHHH FZE, EEHM.
6.25mg/L
, , 2011. (Apostichopus japonicus)
> , , , 2019.
(GB11607-89) , (Paa spinosa)
0.1mg/L ) ,50(1): 188—196
' ’ , 2013.
0.04mg/L, 0.01mg/L ,
) , , ,2012. 3
: , 33(9): 89—92
, , , 2015.
, 39(2): 233—244
, , , 2018.
, 42(9):
’ 1348—1357
, , , 2011.
’ ,21(9): 45—48
, , , 2019.
4 (EHP)
, 47(7): 109—112
, , , 2012.
’ ) , 31(9): 526—529
48h 72h  96h 187.93 154.61 , i . 2018.
124.92mg/L ,
, , , 2018.
, 49(4):

> 809—814
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DETERMINATION OF THE MEDIAN LETHAL CONCENTRATION AND ACUTE
TOXICITY OF OCTOPUS MINOR UNDER DIFFERENT CONCENTRATIONS OF
AMMONIA AND NITROGEN STRESS

CHEN Zhi-Wei"?, XU Ran"? NAN Ze"?, ZHENG Xiao-Dong"?

(1. Institute of Evolution and Marine Biodiversity, Ocean University of China, Qingdao 266003, China;
2. Key Laboratory of Mariculture, Ocean University of China, Qingdao 266003, China)

Abstract As an important water quality parameter, ammonia nitrogen in high concentration has a detrimental effect on
aquatic animals. The safe concentration of ammonia nitrogen is critical for marine aquaculture species. In this study, we
used a static biological toxicity test to analyze the acute toxicity of ammonia nitrogen on Octopus minor adult in a lake in
which the water salinity was 30.0+1.0, pH 7.8+0.2, and temperature 20.8+0.5°C. First, the toleration range of O. minor to
ammonia nitrogen concentration was determined first in a pre-experiment. Second, the sub-lethal ammonia nitrogen
exposure treatments were performed based on the toleration range at concentrations of 0 (control), 87.0, 124.5, 143.5,
180.3, 204.0, and 242.5mg/L for 48h, 72h, and 96h. At last, we applied the Probit analysis, Kouchi method, and linear
regression to determine the sub-lethal concentration at each time point. The results show that the toxic effect of ammonia
nitrogen increased with increases in the concentration and the time. The median lethal concentration of ammonia nitrogen
at 48h, 72h, and 96h was 187.93, 154.61, and 124.92mg/L, respectively (P<0.05), showing greater toleration to ammonia
nitrogen than that of other aquatic species, such as Apostichopus japonicus whose 96h median lethal concentration was
90.57mg/L. The safety concentration of ammonia nitrogen for O. minor was 12.49mg/L. In the future, the self-regulation of
ammonia nitrogen toxicity and specific regulatory mechanism in O. minor should be explored.

Key words Octopus minor; ammonia nitrogen; acute toxicity; the median lethal concentration



