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Table 1: Experimental groups
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Treatment  Nomenclature .
concentration

Without cadmium

1 Control chloride
10% LCso 72 hours
0,
2 10% CdClz cadmium chloride
0,
3 20% CdCl2 20% LCso 12 hours
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Table 2: 72-hour LCso of cadmium in Artemia

urmiana
Minimum Maximum Average
Stage dose dose dose
(Hg/) (ug/l) (Hg/l)
Nauplii 142.847 536.904 236.984
Adult 288.218 338.784 313.374
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Table 3: The growth performance (mm) of Artemia urmianain different days and treatments (Mean + SD, n=3)

Treatment Nomenclature Dayl Dayll Dayl17 Day21
1 Control 0.012+0.45 0.192+3.38 0.26%+5.06 0.39°+7.45 0.31b+7.55
2 10% CdCl2 0.01°+0.45 0.24°+4.91 0.42°+7.12 0.4%£6 0.27°£6.97
3 20% CdCl2 0.01+0.45 0.245+4.95 0.27b+5.95 0.41°4+6.35 0.310+7.54

Dy P00 gl 10 s me 55kl DS sasas ) lis Sy ué By,
Data (Mean + SE) with different superscripts are significantly different (P<0.05)
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Table 4: The survival rate of Artemia urmiana for different days and treatments (Mean = SD, n=3).

Treatment Nomenclature Dayl Day11 Day17 Day21
1 Control 0.0%+100 6.6°+75.9 3.9%+65 2.7°+58.5 3.6°455.9
2 10% CdCl; 0.02:100 0.22+49.8 0.28+453 0.92+41.3 0.520+39.5
3 20% CdCl2 0.0:100 0.3%:35.3 0.6%:32.3 0.4%+30.3 0.6%:28.9

g PRS00 e o s e 55kl S saiaslis Sy jud g,
Data (Mean + SE) with different superscripts are significantly different (P <0.05).
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Figure 1: The activity of digestive enzymes of Arfemia urmianain different treatments. Alkalin protease (A), Amylase
(B), Lipase (C). 1: Control (Without cadmium chloride), 10% CdCl2 (10% LCso 72 hours cadmium chloride), 20%

CdCl2 (20% LCso 72 hours cadmium chloride). Data (Mean+SE) with different superscripts were significantly
different (P<0.05).
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Table 5: The reproductive characteristics of Arfemia urmianain different treatments (Mean + SD, n=3)

Cystogenesis Reproductive times Number of offspring Daily births All born
Treatment Nomenclature (%) (N) (N) (N) (N)
1 Control 6°+49.8 0.5¢+7.4 1.62£18.8 0.6%:6.6 15.9°+145.4
2 10% CdCl: 6.3%:46.5 0.5%4.7 1.52£18.5 0.8°+8.8 14.124+93.3
3 20% CdCl2 5.92+43 0.68+5.2 1.78%+190.4 1.9%£10.7 17.13+116.8

25 P00 gl 1o s me gkl OS] sazas )l LSy .8 By,
Data (Mean + SE) with different superscripts are significantly different (P <0.05).

[ Downloaded from isfj.ir on 2025-12-06 ]

S92 g0 (g Lv JaLu)‘ o GEW ‘_;Lho\.b.ly] ).3‘).3 )° i
2 b eeadslie (Chiarelli et al., 2019) o Lo
ISP EPVRCUNCIICOX SENUUN [CTUE SN B IRV P
YU oS cadl ol g ygad b Glgie i Cuglie Yo
@ e ol b aslie o b LU pecd bt 25 0
@l Slge yiiny iz Cur el Dol Gl
o3l ane slaoan¥T Qo o] Jlso 4 g 04 o

.(Mohiseni et al., 2008) s, o
slacdale 5T oamsylis lalees )T w4y bgs o gl
YV 5ey 50 S peedlS roje 590 duoyo V- Mla.ls).ub
alies (glaoan VT &l jl 51 goamie Slllas .09 by9,
G5 ety laaisS gl po wdy (asls Sl
oy )l Glerae ol g als b aS cusl oads
oSiles a5 0ls Lzs Artemia franciscana s urmiana
Ol mls (Asadpour et al., 2012) -l
oo S Bl gy (VYY) ol Sea 4 Bakhtiyari
oLen 5 Ghamarshenas 4 iy yio,ole (iSe i
azlyd sty ogsles (150 pte Sl (VYY)
30 hame eyl g0 ) LalS saimo Lis 55 deg)l
23 e 9 Gly 4 50l 1) Dlogge (S Loy (2 FolisS
9 28 25 Rl o bl 3 9 S (e sl dis LS,
s ymzmes (Kasumyan, 2000) g oo ois; ials
@ Slojresl 5 sk ©dx Gkl pgen ool
eyl clls mhaw o Sl Jlesl 5 bSalul
Cong et al., 2009; ) wigds o, pals cel o)l

oo Sl ol glgl (2yme j0 olsen (o] alie
Slesle s 513 WIS pgesls uKiw 56 wiles
PO lalys ol o 1y S 518 cnl (liee Slaz cebloge
29 2 eSS NN gl i eSS
Sl 03,8 IS S p pSeSee oY b,
2 5l &b e Sl ol (Novakova et al., 2007)
locaw! cel Qi olse Cizr gy el ild Gl
Sighiee oSl cnl 35 o5l il Seislaeies
sle o Jame Lyls ol ss (Kardavani, 2005)
Ol s el S 1318 asile oo VT alwgay o
Sl sz L 55 alg b 09 o bl Soisls i

(Pierre et al., 2011) sl ag, ,Ls,
J>1ye p S perasls LCrp clale 5l onel oy b
ool 45 ol L5 apgl ey slond T &l 5 (AU
5 ol 5 il b alie o 520 ol
O YL Cwglie LAl o Oile 4 il S
YL Sl )0 WIS pgedlS” pl o o b coens
2 ol b oawslie jo ooVl ply jo Led,l LU
Slozpe pol G820 b aS ab 85 s Slalllas
(Y- 1) Nejatkhah Manavi s Rahimi asllas ;o .05l
50 cdsngyl 4zl y3 (slod)T 2 poadls LCs0 (yants (o) 2
Caons Sl sy (V2 YY) Ko 5 Bakhtiyari asllas
s Mohiseni Slallas (o g oy yio ol (3256 i pete
(YY) o,en s Ghamarshenas 5 (Y- - A) ), Sen
565 aeng )l 4zl o bod )] 53l 250yt Sl gy
ol G 4y Vb Conles UL as ol oles
oSl g Comlas (e 9,8, St waumils

AY


http://isfj.ir/article-1-2824-en.html

[ Downloaded from isfj.ir on 2025-12-06 ]

oS o ole 55 G @Bl 2als gz 5 e
2 US55l e, b ag)by, ,o (Sepia offisinalis)
(Perna viridis) jew Gow Plel W el uals
Sabapathy and Teo, 1992; Zambare ) s _s,l55
zhw .@nd Mahajan, 2001; Le Bihan et al., 2004
oyl 4zl ;o slod)l o JS ()155 slap 3T cudlad
L ag>lge ,o (V4 YY) o,Kea 4 Bakhtiyari ollas o
oLen 3 Ghamarshenas ¢y yioyole (iSe i
@i alie 55 Hga3bs S0 yie b aglge jo (VYY)
Loe j0 lroso VT i sl iol38l b og ol asdllas
5 95850 i )z Ol Sleadl e (ol Ghsx
ez o et (55 Slap sl colled o
e (iS5 (o8 Sl ol o SLS 3 (0] 3
a5, olas (Suzer et al., 2006) g o sou !
).ul; Oloy e woliiul 0555 5 30 wan¥ g4 g ol
O Y 5l calise pgen ply po Lo 53, g pgen

(Ramesh et al., 2017) el slacglas
e oy slasasls wh las Lol adlas b
3 WIS ppasls 5B ot aneg)l azlys sloos]
g lacdale oles ;o e ades Slads 4S5 sbay wid 5
@ pgodlS poje j90 do o Ve cdale o Weooly S sl
Lo ol doyo a8l als gyl Jae job
Ny ool 4l el rals WIS peesls clale l58l
looas¥T (om0 50 (Ll (29)ks) 950 5o dne LLalS
aes 3 5h cou 1) bl i ades o ,Shee Wil oo
O3gl gy lalllas s (Manfra et al., 2012)
s (Paracenerotus lividus) ob,s _ugye p o,
» Daphnia magna . paibs onSles ol)34b
S 3l ! e adgi 0, Slee 5 oan YT ).*.:L PRCEREN N
b «(Falugi et al., 2012; Seitz et al., 2013)
lobos T o adg p oo ¥T &l Sl wanie sla jimgs
Lo adgs slaasls a5 ol ol gl 5 WS, )
5 BriX aslllas ,o a8l 2olS oaVT L agalse o
,o Al franciscana p S, | B (Y--Y) o Ken
2 &gy pae (YY) o Ken 4 Sabria adlae

AD

(Rudnicki et al., 2009; Aggarwal et al., 2013
Vg A slagg, jo b lis jols adlas zls aldl
S o) Gl e WIS pgreslS b aglge (559
@ g bmme jo 0¥l jpas o ay iy al31 51
2 snn b oee 5 oS5 el ol s
288 el St e o ) D) Rl caeelisS
IS 58 e 5 59y e 0 Al e n sl S
.(Muyssen and Jenssen, 2007) o

chlie slajg; 5o LIS poradls cdile 5L )
ol iz slacdale b Loos,l agalge a8 olo Lias 5yg
ol el Shyen slayg, oled o e B
2 alises slaoau VT 1 3b 5 polive s o Sleous
Sl ad bl adlas mls b a5 cal snel ooy Loos T
=y (Y-12) Dezfuli 4 Alishahi asllas o .05,k
as ol oyles Artemia salina Sleess; a3los mls
Glies glo 25T b agalse oy e g cale ial53l
wbi al Sleedsy ws o als g Slals ioliél a4 jocie
256 oy 2 (V2 19) ] Ken s Mohammadi elllas
5 Bakhtiyari aslllas ;o o %o psle 536 w0, &gl
adllas o enibo ).,.,L; g (Y-VY) o)Ken
axl 0 sbas,l 5 (Y YY) o, Ko s Ghamarshenas
seax Og gleodiy ds e el saies lis 50 dceg)l
2 ol ol b bl sy e 5o laoan,V]
a oo Ll dlby o Pzl obwl 5 Sl slaplal
(Aggarwal et al., 2013) wisss o wlals

55 Slam T clled gl ) (553 ol alllas
33 el Wl g 55 ST slag 5T Lol cas somlice
RIS jso 4 WIS psedlS L agrlse
ol WS peesls b agzlee po 55 L) il
oaipslis (gouwie llhe gl .culls (g)ls s pd
g byl 5065 Glap sl cudld L oan¥T 5b
Sulculus  LLaSs 5l 465 90 PLelld] o351 clad
L 29,bs, ,» Haliotis sieboldii 4 diversicolor
28l (ol (59 9 poeasls sy 03gll (95 amo
)55 slaw 5l el zals (Hsieh et al., 2008)
L 4g>1g0 ,o (Corbicula striatella) oy i o1 Gowo


http://isfj.ir/article-1-2824-en.html

[ Downloaded from isfj.ir on 2025-12-06 ]

oo ppealS i 5 (e he uran BT

Q‘JMJ (e

nauplii of Artemia franciscana as an
ecotoxicity bioindicator. lranian Journal of
Fisheries  Sciences, 18(4): 716-726.
DOI:10.22092/ijfs.2019.118284

Asadpour, Y.A., Nejatkhah Manavi, P. and
Baniamam, M., 2012. Evaluating the
Bioaccumulation of Nickel and Vanadium
and their effects on the growth of Artemia
urmiana and A. franciscana. lIranian Journal
of Fisheries Sciences, 12(1):183-192.
DOI:20.1001.1.15622916.2013.12.1.15.8

Ates, M., Daniels, J., Arsalan, Z. and Farah,
1.O., 2013a. Comparative evaluation of
impact of Zn and ZnO on brine shrimp
(Artemia salina) larvae: effects of particle
size and solubility on toxicity. The Royal
Society of  Chemistry,  15:225-233.
DOI:10.1039/c2em30540b

Ates, M., Daniels, J., Arsalan, Z., Farah, 1.O.
and Rivera, H.F., 2013b. Effects of aqueous
suspensions of titanium dioxide nanoparticles
on Artemia salina assessment of nanoparticle
aggregation, accumulation and toxicity.
Environmental Monitoring and Assessment,
85:3339-3348. DOI:10.1007/s10661-012-
2794-7

Bakhtiyari, R., Sarvi Moghanlou, K.,
Atashbar Kangarloei, B., Imani, A,
Pourahad Anzabi, M., 2023. Changes in
growth, survival, and some physiological
indices of Urmia Lake Artemia (Artemia
urmiana) under chronic toxicity of
Cypermethrin insecticide. Iranian Scientific

Fisheries Journal, 32(1):95-108.
DOI:10.22092/1SFJ.2023.129148 (In
Persian).

,o 9 (Artemia parthenogenetica) w> <5 sl |
0,85 )35l 51 (Y1 9) o), Ke g MOhamMmMadi aalllas
A gy 50 P eaieolid eyl azl jo sles)|
axdllas ;o &lje, sloooly slows Lasli og alues )l Lo
poaslS ape j30 oy Ve g Ve glackile o ol
Olalllas (golaw 8 5 i ol lad |y (g ls gme iul38l
agrlye 53 aboos T o sl sloaslis (5 al531
Dana and Lenz, 1986; ) ws,s «l,l suls 25 b
S PSS sk o (Triantaphyllidis et al., 1995
2 (aoasls Gl b 2als) LT e sy s Shos
Eob 5 oy cmlial LS ootV b gl
(Mohammadi et al., 2016) a.is osls bLs | w,94;
Ol Olse G (nl 5l ool ooy @l 4y axgi b
@ e Gl glacdile [0 WIS poresls a5 oS
Jles! jo Pl el § oy (Slossy doy jrals
A ) gl azlye byl Sojglsnd 5 Sl
wplpls ab Jieadss slaaslis o594 (UrMiANa
sl @8 ;9 Copae (NS b LU o sl
Syl D30 S e Cudz g azg e3gll

&bw

Aggarwal, V., Deng, X., Tuli, A. and Goh,
K.S., 2013. Diazinon- chemistry and
environmental fate: A California perspective.
In:  Whitacre, D.M. (eds) Reviews of
Environmental Contamination and
Toxicology, pp. 107-140. DOI:10.1007/978-
1-4614-5577-6_5

Agh, N., Van Stappen, G., Razavi Rouhani,
S.M. and Sorgeloos, P., 2008. Life cycle
characteristics of Artemia populations from
Iran. Pakistan Journal of Biological Sciences,
11(6):854-61.
DOI:10.3923/pjbs.2008.854.861

Alishahi, M. and Dezfuly, T.Z., 2019.
Comparative toxicities of five herbicides on

AF


http://dx.doi.org/10.1007/978-1-4614-5577-6_5
http://dx.doi.org/10.1007/978-1-4614-5577-6_5
https://doi.org/10.3923/pjbs.2008.854.861
http://isfj.ir/article-1-2824-en.html

[ Downloaded from isfj.ir on 2025-12-06 ]

Barahona, M.V. and Sanchez-Fortun, S.,
1999. Toxicity of carbamates to the brine
shrimp Artemia salina and the effect of
atropine, BW284c51, iso-OMPA and 2-PAM
on carbaryl toxicity. Environmental
Pollution, 104(3):469-476.
DOI:10.1016/S0269-7491(98)00152-3

Bernfeld, P., 1955. Amylase. In: Colowick, S.P.
and Kaplan, N.O. (eds) Methods in
Enzymology. Academic Press, New York,
pp. 149-158. DOI:10.1016/0076-
6879(55)01021-5

Brix, K.V., Cardewell, R.D. and Adans, J.V.,
2003. Chronic toxicity of arsenic to the Great
Salt Lake brine shrimp, Artemia franciscana.
Ecotoxicology and Enviromental Safety,
54:169-175. DOI:10.1016/S0147-
6513(02)00054-4

Brown, B. and Ahsanullah, M., 1971. Effect of
heavy metals on  mortality and
growth. Marine Pollution
Bulletin, 2(12):182-187. DOI:10.1016/0025-
326X(71)90087-7

Chiarelli, R.; Martino, C. and Rocheri, M.C.,
2019. Cadmium stress effects indicating
marine pollution in different species of sea
urchin  employed as environmental
bioindicatos. Cell Stress Chaperones,
24(4):675-687. DOI:10.1007/s12192-019-
01010-1

Cong, N.V., Phuong, N.T. and Bayley, M.,
2009. Effects of repeated exposure of
diazinon on cholinesterase activity and
growth in snakehead fish (Channa striata).
Ecotoxicology and Environmental Safety,

AY

72(3):699-703.
DOI:10.1016/j.ecoenv.2008.10.007

Coutteu, P., 1996. Micro- algea. In: Lavens, P.
and Sorgeloos, P. (eds) Manual on the
production and use of the live food for
aquaculture. FAO, Rome, pp. 9-60.

Dana, G.L. and Lenz, P.H., 1986. Effects of
increasing salinity on an Artemia population
from Mono Lake, California. Oecologia,
68:428-436. DOI:10.1007/BF01036751

Falugi, C., Aluigi, M.G., Ferrando, S.,
Gambardella, C., Gatti, A.M. and Ramino,
P., 2012. Dose dependent effects of silver
nanoparticles on reproduction of different
biological models. Environmental Quality,
8:61-65. DOI:10.6092/issn.2281-4485/3828

Gajbhiye, S.N. and Hirota, R., 1990. Toxicity
of heavy metals to brine shrimp
Artemia. Journal of the Indian Fisheries
Association, 20:43-50

Gambardella,C., Mesaric, T., Milivojevic, T.,
Sepcic, K., Gallus, L., Cabone, S,
Ferrando, S. and Fammali, M., 2014.
Effects of selected metal oxide nanoparticles
on Artemia salina larvae evaluation of
mortality and behavioral and biochemical
responses. Environmental Monitoring and
Assessment, 186(7):4249-4259.
DOI:10.1007/s10661-014-3695-8

Garcia-Carreno, F.L., Haard, N.F., 1993.
Characterization of proteinase classes in
Langostilla (Pleuroncodes planipes) and
Crayfish (Pacifastacus astacus) extracts.
Journal of Food Biochemistry, 17(2):97-113.


https://doi.org/10.1016/S0269-7491\(98\)00152-3
http://isfj.ir/article-1-2824-en.html

[ Downloaded from isfj.ir on 2025-12-06 ]

oo ppealS i 5 (e he uran BT

L’,bl&u\, (e

Gebhardt, K.A., 1976. Effects of heavy metals
(Cadmium, Copper, and Mercury) on
reproduction, growth, and survival of brine
shrimp (Artemia salina) from the Great Salt
Lake. Utah State University, USA. 115 P.
DOI:10.26076/52e0-6cfe

Ghamarshenas, S., Atashbar Kangarloei, B.,
Sarvi Moghanlou, K., Imani, A., Pourahad
Anzabi, M., 2023. Effect of chronic toxicity
of diazinon insecticide on growth, survival
and physiological activities of Urmia Lake
Artemia (Artemia urmiana). Journal of
Fisheries, 76(2):237-249.
DOI:10.22059/JFISHERIES.2023.351498.13
53 (In persian).

Hadjispyrou, S., Kungolos, A.,
Anagnostopoulos, A., 2001. Toxicity,
bioaccumulation, and interactive effects of
organotin, cadmium, and chromium on
Artemia franciscana. Ecotoxicology and
Environmental  Safety, 49(2):179-186.
DOI:10.1006/eesa.2001.2059

Hsieh, M.S., Yin, L.J. and Jiang, S.T., 2008.
Purification and characterization of the
amylase from a small abalone Haliotis
sieboldii. Fisheries Science, 74(2):425-432.
DOI:10.1111/j.1444-2906.2008.01540.x

lijima, N., Tanaka, S., Ota, Y., 1998.
Purification and characterization of bile salt-
activated lipase from the hepatopancreas of
red sea bream Pagarus major. Fish
Physiology and Biochemistry, 18:59-69.
DOI:10.1023/A:1007725513389

Jakimska, A., Konieczka, P., Skora, K. and
Namies$nik, J., 2011. Bioaccumulation of
Metals in Tissues of Marine Animals, Part I

The Role and Impact of Heavy Metals on
Organisms. Polish Journal of Environmental
Studies, 20(5):1117-1125

Kardavani, P., 2005. Geohydrology. Tehran
Universty, 3, 1-367. (In Persian)

Kasumyan, A.O., 2000. Effects of chemical
pollutants on foraging behavior and
sensitivity of fish to food stimuli. Journal of
Ichthyology, 41(1):76-87

Lan, C.H. and Lin, T.S., 2005. Acute toxicity
of trivalent thallium compounds to Daphnia
magna. Ecotoxicology and Environmental
Safety, 61(3):432-435.
DOI:10.1016/j.ecoenv.2004.12.021

Le Bihan, E., Perrin, A. and Koueta, N., 2004.
Development of a bioassay from isolated
digestive gland cells of the Cuttlefish Sepia
officinalis L. (Mollusca, Cephalopoda):
Effect of Cu, Znand Ag on enzyme activities
and cell viability. Journal of Experimental
Marine Biology and Ecology, 309(1): 47-66.
DOI:10.1016/j.jembe.2004.03.007

Libralato, G., Prato, E., Migliore, L., Cicero,
A.M. and Manfra, L., 2016. A review of
toxicity testing protocols and endpoints with
Artemia spp. Ecological indicators, 69: 35-
49. DOI:10.1016/j.ecolind.2016.04.017

Manfra, L., Savorelli, F., Pisapia, M.,
Magaletti, E. and Cicero, A.M., 2012.
Long-term Lethal Toxicity Test with the
Crustacean Artemia franciscana. Journal of
Visualize Experiments, 62:3790- 3795.
DOI:10.3791/3790

Mohammadi, S., Sarvi Moghanlou, K.,
Atashbar, B., Imani, A., 2016. Studying the
chronic effects of silver nanoparticles on the

AA


https://doi.org/10.1016/j.ecoenv.2004.12.021
https://doi.org/10.1016/j.jembe.2004.03.007
http://isfj.ir/article-1-2824-en.html

[ Downloaded from isfj.ir on 2025-12-06 ]

growth, survival and  reproductive
characteristics of Urmia Lake Artemia
(Artemia urmiana). lranian Journal of

Fisheries Sciences, 25(4):63-75.
DOI:10.22092/1SFJ.2017.110299 (in
Persian).

Mohiseni, M., Farhanghi, M., Mahiseni, A A.,
Mirvaghefi, A., Shokouh, S.Z., 2008. The
effect of age on the sensitivity of Artemia
urmiana nauplius to different concentrations
of diazinon insecticide. Journal of
Agricultural Sciences and Natural Resources,
16(3):77-85. (In Persian)

Mohiseni, M., Asayesh, S., Shafiee Bazarnoie,
S., Mohseni, F., Moradi, N., Matouri, M.
and Mirzaee, N., 2016. Biochemical
alteration induced by cadmium and lead in
common carp via an experimental food
chain. Iranian Journal of
Toxicology, 10(4):25-32.
DOI:10.32598/1JT.10.4.345.1

Muyssen, B.T.A., Janssen, C.R., 2007. Age
and exposure duration as a factor influencing
Cu and Zn toxicity toward Daphnia magna.
Ecotoxicology and Environmental Safety, 68,
436-442. DOI:10.1016/j.ecoenv.2006.12.003

Novakova, J., Danova, D., Striskova, K.,
Hromada, R., Mickova, H. and Rabiskova,
M., 2007. Zinc and cadmium toxicity using a
biotest with Artemia franciscana. Acta
Veterinaria Brno, 76(4): 635-642.
DOI:10.2754/avh200776040635

Pierre, S., Tarnowska, K., Hachfi, L., Coupe,
S., Simide, R., Couvray, S., Garnier, C.,
Grimaldi, M., Richard, S., Gaillard, S. and
Grillasca, J.P., 2011. Effects of water

Ad

temperature increase and heavy metals
contamination on WAPG5 gene expression in
sea bass (Dicentrarchus labrax)
liver. Cellular and Molecular
Biology, 57(2):1614-1622. DOI:10.1170/205

Qu, R., Feng, M., Wang, X., Qin, L., Wan, C.,

Wang, Z. and Wang, L., 2014. Metal
accumulation and oxidative stress biomarkers
in liver of freshwater fish Carassius auratus
following in vivo exposure to waterborne
zinc under different pH wvalues. Aquatic
Toxicology, 150(2):9-16.
DOI:10.1016/j.aquatox.2014.02.008

Rahimi, B. and Nejatkhah Manavi, P., 2011.

LCso and bioaccumulationof Cd in different
life stages of Artemia urmiana. lranian
Scientific Fisheries Journal, 20(1):53-64.
DOI:10.22092/1SFJ.2017.109975 (in
persian).

Ramesh, R., Dube, K., Reddy, AK,

Rangacharyulu, P.V., Venkateshwarlu, G.
and Jayasankar, P., 2017. Effect of varying
protein levels on growth and digestive
enzyme activities of pengba Osteobrama
belangeri (Valenciennes, 1844). Indian
Journal of Fisheries, 64:206—213

Rudnicki, C.A.M., Melo, G.C., Donatti, L.,

Kawall, H.G. and Fanta, E., 2009. Gills of
juvenile fish piaractus mesopotamicus as
histological biomarkers for experimental
sublethal contamin- ation with the
Organophosphorus Azodrin® 400. Brazilian
Archives of Biology and Technology,
52(6):1431-1441. DOI:10.1590/S1516-
89132009000600015

Rungraungsak-Torrissen, K., 2007. Digestive


https://doi.org/10.1016/j.ecoenv.2006.12.003
https://doi.org/10.22092/isfj.2017.109975
https://doi.org/10.1590/S1516-89132009000600015
https://doi.org/10.1590/S1516-89132009000600015
http://isfj.ir/article-1-2824-en.html

[ Downloaded from isfj.ir on 2025-12-06 ]

oo ppealS i 5 (e he uran BT

L’,bl&u\, (e

efficiency, growth and qualities of muscle
and oocyte in Atlantic salmon (Salmo salar
L.) fed with krill meal as an alternative
protein  source. Journal of Food
Biochemistry, 31: 509-540.
DOI:10.1111/3.1745-4514.2007.00127.X
Sabapathy, U. and Teo, L.H., 1992. A Kkinetic
study of the a-amylase from the digestive
gland of Perna viridis L. Comparative
Biochemistry and Physiology, 101:73-7.
DOI:10.1016/0305-0491(92)90160-S
Sabria, R., Delramo, J., Diaz-Mayans, J. and
Toreblanca, A., 2003. Developmental and
reproductive effects of low Cadmium
concentration on Artemia parthenogenetica.
Journal of Enviromental science and health,
38(6):1065-1071.
DOI:10.1081/ESE120019864
Sarabia, R., Varo, I., Amat, F., Pastor, A., Del
Ramo, J., Diaz-Mayans, J. and
Torreblanca, A., 2006. Comparative
toxicokinetics of cadmium in
Artemia. Archives of environmental
contamination and toxicology, 50(1):111-
120. DOI:10.1007/s00244-005-7026-5
Seitz, F., Bundschuh, M., Rosenfeldt, R.R.
and Schulz, R., 2013. Nanoparticle toxicity
in Daphnia magna reproduction studies: the
importance of test design. Aquatic
Toxicology, 126:163-168.
DOI:10.1016/j.aquatox.2012.10.015
Somasundaram, S., Abraham, J.S., Maurya,
S., Toteja, R., Gupta, R. and Makhija, S.,
2019. Expression and molecular
characterization of stress-responsive genes
(hsp70 and Mn-sod) and evaluation of

antioxidant enzymes (CAT and GPx) in
heavy metal exposed freshwater
ciliate, Tetmemena sp., Molecular Biology
Reports, 46, 4921-4931.
DOI:10.1007/s11033-019-04942-0

Suzer, C., Saka, S. and Firat, K., 2006. Effects

of illumination on early life development and
digestive enzyme activities in common
pandora Pagellus erythrinus L. larvae.
Aguaculture, 260(1):86-93.
DOI:10.1016/j.aquaculture.2006.06.025

Triantaphyllidis, G.V., Poulopoulou, K.,

Abatzopoulos, T.J., Pérez, C.A.P. and
Sorgeloos, P., 1995. International study on
Artemia XLIX. Salinity effects on survival,
maturity, growth, biometrics, reproductive
and lifespan characteristics of a bisexual and
a parthenogenetic population of Artemia.
Hydrobiologia, 302(3):215-227.
DOI:10.1007/BF00032111

Woo, S., Yum, S., Park, H.S., Lee, T.K. and

Ryu, J.C., 2009. Effects of heavy metals on
antioxidants and stress-responsive gene
expression in Javanese medaka (Oryzias
javanicus). Comparative Biochemistry and
Physiology Part C: Toxicology &
Pharmacology, 149(3):289-299.
DOI:10.1016/j.cbpc.2008.08.002

Zambare, S.P. and Mahajan, A.Y., 2001.

Heavy metal (copper and mercury) induced
alterations in the enzyme secretory activity of
hepatopancreas of a freshwater bivalve
Corbicula striatella. Pollution Research,
20(1):143-146


https://doi.org/10.1016/0305-0491\(92\)90160-S
http://dx.doi.org/10.1016/j.aquaculture.2006.06.025
http://isfj.ir/article-1-2824-en.html

[ Downloaded from isfj.ir on 2025-12-06 ]

Iranian Scientific Fisheries Journal Vol. 33, No. 3

Effects of chronic toxicity of the heavy metal Cadmium on the growth, survival,
digestive enzymes, and some reproductive indices of Artemia urmiana

Mohammadi S.%; Sarvi Moghanlou K.1*; Manaffar R.%; Atashbar Kangarloei B.2; Libralato G.3
“k.sarvimoghanlou@urmia.ac.ir

1- Department of Fisheries, Faculty of Natural Resources, University of Urmia, Urmia, Iran
2- Department of Ecology and Resources Management, Artemia and Aquatic animals Institute,
University of Urmia, Urmia, Iran

3- Department of Biology, University of Naples Federico 11, Naples, Italy

Abstract

Environmental pollution by heavy metals is considered a serious threat to aquatic ecosystems, and
their increase can affect the life cycle and biological reserves of many zooplankton species such
as Artemia. Therefore, in the present study, the effects of heavy metal cadmium on the growth,
survival, digestive enzymes activity, and some reproductive characteristics of Artemia urmiana
were evaluated. For this purpose, the LCso of cadmium chloride was determined for 24 and 72
hours in the nauplii and adult stages using probit statistical analysis. The average LCso of 72
hours was used to investigate the chronic toxicity and nauplii was cultured in 3 treatments
including the control group, 10% LCso and 20% LCso for 21 days. The results showed that
different concentrations of cadmium chloride decreased the growth of A. urmiana on 17 and 21
days (p<0.05). Also, a decrease in survival rate was observed on all rearing days and the highest
decrease (28.9%) was observed in the 20% LCso group (p<0.05). The activity of digestive
enzymes was not affected by cadmium chloride (p>0.05), however, the activity of alkaline
protease and alpha-amylase increased and the activity of lipase decreased with an increase in
cadmium chloride concentration. Also, reproductive indices including, the percentage of cyst
formation and the number of offspring per reproduction were not affected by the concentration of
cadmium chloride (p>0.05). However, the frequency of reproduction and the total number of
births decreased and the number of daily births increased (p<0.05). In conclusion, cadmium
chloride led to a decrease in growth and survival and changes in the digestive enzyme activity and
reproductive indices of A. urmiana. Therefore, more attention should be paid in relation to how to
manage the disposal of polluted wastes.
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