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Abstract

Introduction: Copper is a vital trace element in aquatic ecosystems, but in high concentrations or certain
forms it can become toxic. With the increasing use of nanoparticles, concerns about their impact on
aquatic life have grown. This study focused on how copper, in two different chemical forms copper sulfate
and copper oxide nanoparticles affects a native amphipod species, Gammarus pseudosyriacus. We aimed
to compare their toxic effects and how they trigger changes in important biological enzymes related to
stress.

Materials and Methods: First, we determined the acute toxicity level (LCso over 96 hours) for both
copper sulfate and copper oxide nanoparticles. After that, we exposed Gammarus individuals to lower,
sub-lethal concentrations (10% and 20% of LCso) for longer periods 8 and 15 days to observe the effects
of chronic exposure. To understand how their bodies reacted, we measured three enzymes: catalase (which
helps break down harmful molecules), glutathione peroxidase (GPx, which fights oxidative stress), and
malondialdehyde (MDA, a marker of cell damage due to lipid peroxidation).

Results: The results were clear: copper sulfate was much more toxic in the short term, with a lethal
concentration almost 10 times lower than that of the copper nanoparticles. In other words, even small
amounts of copper sulfate led to higher mortality. Enzyme analysis showed that copper sulfate caused
stronger oxidative stress, especially visible in the GPx levels. On the other hand, although copper
nanoparticles seemed safer in the short term, they still caused measurable damage over time particularly
an increase in MDA levels, which hints at cellular damage building up gradually.
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Conclusion: While copper sulfate has a more immediate and severe impact, long-term exposure to copper
oxide nanoparticles isn’t harmless. The data suggest that switching from copper sulfate to nanoparticles
could reduce short-term deaths among aquatic organisms like G. pseudosyriacus, but it doesn't eliminate
ecological risks altogether. Monitoring stress-related enzymes like GPx and MDA can help us detect early
signs of harm before population-level effects become visible.
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Figure 1: Estimated mortality rate of Gammarus pseudosyriacus at different concentrations of copper sulfate
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Figure 2: Estimated mortality rate of Gammarus pseudosyriacus at different concentrations of copper
nanoparticles
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Table 1: Measured enzyme levels in Gammarus based on 10% and 20% of the LC50 96h concentration of
copper sulfate solution on the eighth and fifteenth days of the experiment

Treatment Day Catalase GPx MDA
U.gr! tissue mU.gr! pro. uMol.gr-!
pro.

Control group 8 0.00£0.053 3320.0£653.78 4.11+0.17
Control group 15 0.00£0.020 2610.0+£713.0 3.62+0.14
10% LC50 CuSO4 8 0.050+0.01 2008/0+130.7 3.69+1.13
10% LC50 CuSO4 15 0.083+0.02 1653.0£229.5 2.78+0.32
20% LC50 CuSO4 8 0.053+0.00 705.1£56.42 3.06+0.67
20% LC50 CuSO4 15 0.107£0.05 665.0+89.30 2.80+0.28
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Table 2: Measured enzyme levels in Gammarus exposed to 10% and 20% of the LC50 96h concentration of
copper oxide nanoparticles solution on the eighth and fifteenth days of the experiment

Treatment Day Catalase GPX MDA

U.gr-1 tissue mU.gr-1 uMol.gr-1

Control group 8 0.053+0.00 3320+653.78 4.11£0.17

Control group 15 0.020+0.000 2610+713.0 3.62+.14
10% LC50 Nano CuO 8 2.41%0.5 1122.00+£280.6 0.073+.02
10% LC50 Nano CuO 15 2.26+0.2 907.13439.2 0.019+0.01
20% LC50 Nano CuO 8 1.93+0.2 1146.00+451.8 0.095+0.03
20% LC50 Nano CuO 15 2.15+0.4 883.53+£52.7 0.115+0.14

LSl & o caglge Sl o She 5> e
Ml L(p<0.05) 55 eSS dalis gla s, LE
Clle do)s Ve pled g edd et JYBIS Ol
9555 5 2 V0 5 A 59y 95 e Sl g oS
hams SYBT Ol codiiST 555 oy Yo a5 o
il gyl gme Al N0 BA Gay sl el
Sl Ol e ST 3 5L 6l 5 (p<0.05)
odiiS bl doys Yo Ve slajes gl VB

Sg 410 gae S VO g A Gy o dald 4 Lo

odd S5 syl T Gbesls
O3 68U g e O g Jgloes 93 51 OUs anslas
SaiS Syl Aoy Y5 Ve chle 93 3 e
olie 4 4 5 b .l 0dd aseie LC50 96h sl
2 er Gl 5T Sl anlie ¥ 5 ) Jsir
ol odd plwl oa b e GladnST 5
sl o 03,57 (0 5 F ¥ (ola JS2)
2 Sl bl L s eds rae SYBIS O 5
Ol g 3ILC50 96h wpys Yo g V2 hale 5 me


http://dx.doi.org/10.71901/jad-2025-3-822
http://aqudev.liau.ac.ir/article-1-822-en.html

[ Downloaded from aqudev.liau.ac.ir on 2025-10-20 ]

[ DOI: 10.71901/jad-2025-3-822 |

4 32l GIeaSI ST Glas 5T 51 5 gy e D33 5L 5 e Sl g oo 5 3l Sl 3T e

she LT (65 05l Ol (F JK2) (p>0.05)
LC50 a5 Ye 5V o me 55 Slgws bl s ons
cagrlge 5l dny S5 Sk > e Sl 31 96h
50318 OLES 1y (s gme Ll 31 O e Aals &) S
2l (61> (gme D op 4 Cd o 5T ol Ol
Sl ol cgles N0 sy L5 (p>0.05) ol
o S Gl s e s gre dals 4 S
LC50 oys Yo 5 doys Vo 593 53 L Jglowe
J}Lg.x;,deao)uc:;o\}:u\o)‘,)ﬁ%h
5300 JK8) p<0.05) Sl o35 Ll 531 (515 ome
sl 5 Shes I b gl Sl & S
Ol L2l 53l 6131 4 VO B A slajsy 45 e danS]l
Ol Ol Jy 3p s3sme alS 4 ST s
e OO L35 HIs gae dals LA Jgy 53 Ol
22 @235 55 55 LT 63 Ol Olj Ole i
dals 4 s S A3 Y gl Ve chile

0 JS8) (<0.05) wi s ms Sl

S VO 5 A 9y 53 Ok Ol Jy (p>0.05)
o3 (gre op 4 L s LS| 50 593 55 2 sl
A JS8) (p>0.05) 54
S s il s STy 0556 58 Ol
ey Yoo Ve Chle e OlWge 5 me o
S a1 g0 51y 59510 5 A ,5 Celw LC50 96h
A 33 w31 Ol 285 .(p<0.05) 55 S sl &
NS g g5 o3 N 555 55 e 4 d 59, V0
odiS bl Gl deys Yr Sasys Js (p<0.05) 54
SR B A Sl O g 50 10 5 A Glasy) 5
a&.:r,_ﬁ&"\ Gl 2l Wy, Ol 5 L5l
Sy $b gl (p>0.05) sl Ol 1y edd Cu
Sl STy 0553 2l Ol s S|
4 Cons Celw LC50 96h 51 s js Yo 9 Ve (lajgs
(P>0.05) A% odalive Hls 2ae VO 9A G5, 5 dals
dend Yoog Ve 53 93 a5 Dlew Ol I

J}:ﬁ )\b P 4.@9—‘;» \0‘5 A 39 L;/-L..&f

3.50 1 big.

3.00 9 +

N

2,50 4

2.00 9

1.50 9

Catalase  U.gr tissue

050 4

ns..

O 8-th ddy

& 1St day

0.00
10% LCS0 CuSO6 20% LC50 CusOs

10% LGS0 Nano CuO  20% LGSO Nano CuO

v\»é).)\" }\' u,.L.ﬂ\j.Nano CuO w%\jlj}cuso“-w{)w}ma:u}}uéﬂ)gétéw,})lﬁ[f);)'yug)‘w vg}g‘.ﬂ
55510 3A 31 a LC50 96h

Figure 3: Catalase activity in Gammarus exposed to two substances, copper sulfate (CuSO4) and nano copper
oxide (Nano CuO), at 10% and 20% of LC50 96h after 8 and 15 days
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Figure 4: Glutathione peroxidase consentrations in Gammarus exposed to two substances, copper sulfate
(CuS0.) and nano copper oxide (Nano CuQ), at 10% and 20% of LC50 96h after 8 and 15 days
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Figure 5: Malondialdehyde (MDA) concentrations in Gammarus exposed to two substances, copper sulfate
(CuS0.) and nano copper oxide (Nano CuO), at 10% and 20% of LC50 96h after 8 and 15 days.
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