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1.1 SREAHH
3 d, ,
180 (115.92+
20.39)g 8 360 (6.53+1.14)g 4 8
4 0.5 m 0.7 m 5 (D,
(Fiber Reinforced Plastics, FRP) , 3 4 20
240 L 10 , 10 8
NH,Cl ( ) , 10 2~3 ,
NH,C1 N 5
NH,4Cl , )
*1 FRAMNAEHIAMFTULERERE
Tab.1 Ammonia nitrogen concentrations set for turbot acute toxicity experiments
A B C D E F
4 NH;-Np, 0 1.30 1.56 1.87 2.24 2.70
NH;-N; 0 28.14 33.76 40.51 48.62 58.34
g NH;-N, 0 2.00 2.40 2.88 3.46 4.15
NH;-N; 0 43.28 51.94 62.33 74.80 89.76
NH;-N,, , NH;-N, , - mg/L
(1) LDs, 95% =lg '(1gLDs¢£1.96%Sys0)  (3)
22.5°C+1°C, pH8.0~8.1, 30, s , ;P
5.5~7.0 mg/L 24 h 1 : X ; P
NH,C1 R 100%, ;P 5 q , 1-p;
1 lh I, n ; Sxso 1gLDsp
2 h 1 , , (Cy) 1 Cs=96h LCs(x0.1
1.3.2
[14]:
4 Contyn,) = 143107 cog vy - S (4)
72h 934 4 £ =100/(10°K" PH 47 (5)
[2m  0.6m pK,57=9.245+0.002 949 §+0.032 4(298-T) (6)
’ ’ C(NH;N,) (mg/L); C(NH;N,)
(umol/L); T (T=273+1)
1.3 HEH RIS N i f ;
1.3.1 § P r §
121, NH," KS5T
LDy, =1lg”' |:Xm _i(ZP_HnT_PnH (D b
D E F 3
Ses =i an 1 2) : o, 1

110 /2017 /41 / 10



HRRL - |7
m@mARﬂaf
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SPSS19.0 4 3 :
Pearson 4 24 48
R 72 96 h LCs, 219 194 1.80 1.72mg/L
2 EREREHN
8 24 48 72 96 h LCy
2.1 REA 4 A 8 ABKEEHEH 3.64 3.02 293 2.86 mg/L 4
F AR 8 0.17 029 mg/L,
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1.71
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Tab.2 Acute toxicity effects of ammonia nitrogen on 4-month-old and 8-month-old turbot

()
24h 48 h 72 h 96 h 7d
A 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0 0 0 0 0 1
4 C 0 0 0 0 1 1 1 7 10
D 3 0 0 6 2 9 13 7 14 18 11 16 19 16 17
E 13 13 10 20 20 20 20 20 20 20 20 20 20 20 20
F 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
A 0 0 0 0 0
B 0 0 0 0 1
g C 0 1 0 0 1
D 1 0 1 3 1 3 5 2 3 7 3 4 10 10 10
E 3 5 4 9 10 10 10 10 10 10 10 10 10 10 10
F 9 7 7 10 10 10 10 10 10 10 10 10 10 10 10

Fz3 [EANKEFNEBILIKE 5% ER)F1R £ IR E (mg/L)

Tab.3 Ammonia nitrogen levels of LCsy (95% confidence limit) and the safety concentrations for turbot (mg/L)

") 4 8
NH;-N,, NH;-N, NH;-N,, NH;-N,
24 2.19(2.09~2.28) 47.31(45.32~49.38) 3.64(3.36~3.95) 78.88(72.75~85.53)
48 1.94(1.86~2.01) 41.89(40.30~43.55) 3.02(2.86~3.20) 65.44(61.89~69.19)
72 1.80(1.72~1.89) 39.06(37.23~40.99) 2.93(2.76~3.12) 63.48(59.76~67.42)
96 1.72(1.65~1.81) 37.32(35.61~39.12) 2.86(2.69~3.05) 61.95(58.17~65.98)
0.17 3.73 0.29 6.20
NH3-Np, 5 NH3-N¢
8 ,
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Fig. 1 Box plots of survival times of 4-month-old albino

and normal turbot
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Fig. 2 Box plots of survival times of 8-month-old albino
and normal turbot
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Tab. 4 Numbers and average body weights of albino and normal individuals in 4-month-old turbot and 8-month-old

turbot under different concentrations

(x +s/g)

(x +s/g)

o o O m m g

24(6.45+1.26)

30(6.69+1.14)

30(6.47+1.31)
5(125.14+21.64)
9(121.78+17.73)
6(105.10+20.30)

28(6.16+1.05)

30(6.59+1.02)

30(6.63+0.95)
24(111.12+17.79)
21(115.51422.49)
24(116.18+19.31)
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I Tab. 6 Correlation analysis of survival times of turbot
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Fig. 3 Box plots of survival times of 8-month-old female [17]
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Tab. 5 Numbers and average body weights of female and
normal 4-month-old and 8-month-old turbot ’ ’ .
under different concentrations >
(X +s/g) (X +s/g) 23~30°C,
D 17(115.74421.51) 12(110.41+£14.95) 237C,
E 14(123.06+20.75) 16(112.54+20.71) 10°C
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251 -
20
D15t
i >
i
=0t ’
(Macrobrachium rosenbergii)[w]
r (Pelteobagrus fulvidraco)™™ (Cyprinus car-
ol pio)[m (Acipenser schrencki)*?
1 1 1 )[23]

(Epinephelus coioides

0 20 40 60 80 100 120 140

TG IR A)/h ) )
4 8 24

Fig. 4 Correlations of ammonia resistant survival time and 48 72 96 h 4

body weight in turbot , 8 4
3 W :

e s 954 ,
3.1 RE NS FME IR

954 4

(NH,") (NH3) ,

Marine Sciences / Vol. 41, No. 10 /2017 113



R
(241 16°C£1°C
( 2.0~2.4 cm) 96 h LCs,
1.14 mg/L, 22.5C+£1C
( 4~7 cm) 96 h LCs
(1.94 mg/L)
pH
s 5] B
3.2 B TREZLKREFN
(261 Fogg 127 Ruyet (26]
0.17 021 mg/L ,
4 (0.17 mg/L)
0.17 mg/L )

>

33 GAAEE A B A i K AT

F R T2 M A
[28]
[29]
[30]

[30-31]

22.5C+1C

114

/2017

) H@ART/CLE

/

[10]

41

[J].
, 2003, 5: 16.
Li Jilin. Introducing into Reinharditus hippoglossoicles
and development of new patter of aquaculture[J]. Chi-
nese Fisheries Economics, 2003, 5: 16-16.
[ , 2004, 28(3): 1-4.
Men Qiang, Lei Jilin, Wang Yingeng. Biology and
critical breeding techniques of turbot, Scophthalmus
maximus[J]. Marine Science, 2004, 28(3): 1-4.
[J1. , 2003, 27(4): 358-363.
Wang Bo, Lei Jilin, Zhang Xieling, et al. Growth char-
acteristics of intensively cultured Scophthalmus maxi-
mus[J]. Journal of Fisheries of China, 2003, 27(4): 358-
363.
«“ +
” [J1. , 2002, 23(4):
1-7.
Lei Jilin, Men Qiang, Wang Yingeng, et al. Review of
“green house+deep well seawater” industrialized cul-
ture pattern of turbot (Scophthalmus maximus)[J]. Ma-
rine Fisheries Research, 2002, 23(4): 1-7
, . 1.
, 2011, 36(6): 96-99.
Mi Nasha, Wang Dong. Status of turbot industry and its
development trend in China[J]. Marine Science, 2011,
36(6): 96-99.
Martins C I M, Eding E H, Verdegem M C J, et al. New
developments in recirculating aquaculture systems in
Europe: A perspective on environmental sustainabil-
ity[J]. Aquacultural Engineering, 2010, 43(3): 83-93.
Summerfelt S T, Wilton G, Roberts D, et al. Develop-
ments in recirculating systems for Arctic char culture in
North America[J].
30(1-2): 31-71.

Aquacultural Engineering, 2004,

[ , 2009, 36(4): 1-7.

Chen Jun, Xu Hao, Ni Qi, et al. The study report on the
development of China industrial recirculating aquacul-
ture[J]. Fishery Modernization, 2009, 36(4): 1-7.
Foss A, Imsland A K, Roth B, et al. Effects of chronic
and periodic exposure to ammonia on growth and blood
physiology in juvenile turbot (Scophthalmus maxi-
mus)[J]. Aquaculture, 2009, 296(s 1-2): 45-50.
. [M].

,2003: 13-15.
Lei Jilin. Turbot farming techniques[M]. Shang Hai:
Shanghai Scientific & Technical Publishers, 2003, 13-15.

/10



[13]

[14]

[15]

[17]

[18]

[20]

[21]

Bt

[J1. , 2014, 38(4):
464-469.
Wang Xinan, Ma Aijun, Huang Zhihui, et al. Develop-
mental differences between female and male groups in
turbot (Scophthalmus maximus) breeding families[J].
Journal of Fisheries of China, 2014, 38(4): 464-469.
. [M]. : ,
2002: 83-93.
Shen Jianzhong. Animal toxicology[M]. Beijing: China
Agriculture Press, 2002: 83-93.

) . [M].
, 1989: 31-33.
Zhou Yongxin, Zhang Zongshe. Toxicity tests with

aquatic organisms[M]. Beijing: Agriculture Press, 1989:

31-33.
GB 3097-1997. [S].
GB 3097-1997. Sea water quality standard[S].

[M]. , 2005:
287-293.

Yang Yanping. Statistics|[M]. Zhengzhou: Henan Peo-
ple’s Publishing House, 2005: 287-293.
, . (UIA)
[J1. , 2002, 21(2): 42-43.
Zou Lingyuan, Cheng Xiancheng. Water quality eve-
luation index and conversion method of UIA[J]. Fish-
eries Science, 2002, 21(2): 42-43.
Armstrong D A, Colt J E. Interaction of ionized and
unionized ammonia on short-term survival and growth of
prawn larvae, macrobrachium rosenbergii[J]. Biological
Bulletin, 1978, 154(1): 15-31.
,2013,7: 62-64.
Yin Rui, Gong Chunguang. Discussion on some issues
of the circulating water aquaculture[J]. Hebei Fisheries,
2013, 7: 62-64.
[J]. ,
2015, 36(10): 1-6.
Chen Jiayi, Sun Longsheng, Wu Jun, et al. Acute toxic
effects of NH3;-N and NO,-N on Macrobrachium
rosenbergii Larva at different developmental stages[J].
Journal of Aquaculture, 2015, 36(10): 1-6.
[D].
: ,2010: 7-19.
Li Bo. Effects of ammonia and nitrite toxicity on yellow
catfish Pelteobagrus fulvidraco[D]. Wuhan: Huazhong
Agricultural University, 2010: 7-19.
[ , 1998, 11(2): 80-85.
Zheng Yonghua, Hu Xiangwen, Liu Zhongdong, et al.

Marine Sciences / Vol. 41, No. 10 /2017

[7].

[22]

[23]

[24]

[25]

[26]

[27]

[30]

) H@ART/CLE

An acute toxicity of ammonia on fry of carp[J]. South-
west China Journal of Agricultural Sciences, 1998, 11(2):
80-85.

[J].
,2014, 29(2): 175-178.
Liu Jiankui, Liu Lizhi, Zhao Wen, et al. Acute toxicity
and safe concentration of non-ionic ammonia and am-
monia nitrogen to juvenile Amur sturgeon Acipenser
schrencki with different sizes[J]. Journal of Dalian
Ocean University, 2014, 29(2): 175-178.

[J1. ,2012, 36(5): 81-86.
Zheng Leyun. Acute toxic effects of ammonia and ni-
trite on Epinephelus coioides fry[J]. Marine Science,
2012, 36(5): 81-86.
[J1.
, 2007, 28(4): 83-88.
Qu Keming, Xu Yong, Ma Shaosai, et al. Acute toxic
effects of nitrite and non-ion ammonia on turbot
(Scophthalmus maximus)at different DO levels[J]. Ma-
rine Fisheries Research, 2007, 28(4): 83-88.
[D].
: ,2013: 3-4.
Liu E. Morphology and physiological response of ju-
venile grass carp to ammonia nitrogen stress[D]. Jinan:
Shandong University, 2013: 3-4.
Ruyet P L, Galland R, Roux A L, et al. Chronic ammo-
nia toxicity in juvenile turbot (Scophthalmus maxi-
mus)[J]. Aquaculture, 1997, 154(2): 155-171.
Foss A, Imsland A K, Roth B, et al. Interactive effects
of oxygen saturation and ammonia on growth and blood
physiology in juvenile turbot[J]. Aquaculture, 2007,
271(1): 244-251.
, , . [J1.
, 2003, 27(5): 11-14.
Huang Bing, Guo Huarong, Zhang Shicui. Advances on
the studies of fish albinism[J]. Marine Sciences, 2003,
27(5): 11-14.
[J1. , 2003, 24(3): 80-85.
Ma Aijun, Lei Jilin, Chen Siqing, et al. Progress of re-
search on albinism mechanisms of flatfish[J]. Marine
Fisheries Research, 2003, 24(3): 80-85.
[J]. ,
2011, 18(6): 1286-1292.
Guan Jian, Zheng Yongyun, Liu Hongjun, et al. Growth
and morphology of albino and normal F, juveniles from
different families of turbot Scophthalmus maximus[J].

115



Fanx - Jim
—"ARTICLE
Journal of Fishery Sciences of China, 2011, 18(6): 1286-1292. Guo Enmian, Lii Liang, Wang Xin, et al. The compari-
[31] , , , . son of nutritive value between normally pigmented and
[J]. , 2006, 23(1): albinistic turbot[J]. Journal of Laiyang Agricultural
34-36. College (Natural Science), 2006, 23(1): 34-36.

Acute toxicity of ammonia nitrogen on turbot (Scophthalmus
maximus)

LI Zhi-xiang" > °, WANG Wei-ji* °, HU Yu-long® ®, LU Ding® °, WU Huan-huan" ?°,
LUAN Sheng? 3, KONG Jie" %3

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Key
Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Shandong, Qingdao 266071, China; 3. Laboratory
for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine Science
and Technology, Shandong, Qingdao 266071, China)

Received: Apr. 10, 2017
Key words: Scophthalmus maximus; fry; ammonia; acute toxicity; LCs; albino

Abstract: In this paper, we investigated the acute toxic effects of ammonia nitrogen on 4-month-old and 8-month-
old turbot (Scophthalmus maximus), and compared the acute toxicity effects of ammonia nitrogen on albino and
normal female and male turbot. The results showed that the median lethal concentrations (LCs,) at 24, 48, 72, and 96 h
for un-ionized ammonia on 4-month-old turbot were 2.19, 1.94, 1.80, and 1.72 mg/L, respectively. The LCs, values at
24, 48, 72, and 96 h for un-ionized ammonia on 8-month-old turbot were 3.64, 3.02, 2.93, and 2.86 mg/L, respec-
tively. The safe concentrations of non-ionic ammonia on 4-month-old and 8-month-old turbot were 0.17 mg/L and
0.29 mg/L, respectively. Although the 8-month-old turbot was more tolerant to ammonia nitrogen than the 4-month-
old turbot, there was no significant difference in either the correlation between body weight and ammonia resistance
or body length and ammonia resistance. A comparison of the ammonia nitrogen acute toxicity in albino and normal
female and male turbot revealed no significant differences. The results obtained in this study provide scientific
guidance for the circulation water farming of turbot and a theoretical basis for evaluating the genetic parameters of

ammonia-resistant traits and further selection breeding of ammonia-nitrogen-resistant strains of turbot.
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