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Abstract

The objectives of this research were to determine the median lethal concentration at 96 hours (LCSO-96 hr) of copper
sulfate in Nile tilapia (Oreochromis niloticus) fry by static bioassay test, and to evaluate the toxicity of
copper sulfate in the gills and skin of Nile tilapia fry. The fish were exposed to 0, 6, 12, 18, 24 and 30 mg/L of copper
sulfate, respectively. The 96 hr L050 value of copper sulfate was 6.671 mg/L. Histopathological changes of gill in the
treatment groups were focal hyperplasia in gill lamellae and caused lamellar fusion. Focal epithelial lifting and
disarray of some gill lamellae were also observed. Furthermore, curling at the tips of some gill lamellae and colloid
droplet deposited in gill lamellae were occasionally found. Copper sulfate had no effect on skin histology of the
treatment groups and no external lesions occurred. The epidermal thickness of the skin from the treatment groups
showed non-significant difference from the control group (p>0.05). The results of this study may indicate the
sensitivity of Nile tilapia fry to copper sulfate and the histopathology of the gills may be a tool to reveal the toxicity

effect of copper sulfate in the environment and aquatic biota.
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Table 1 Gill histopathology of Nile tilapia fry after treated with CuSO4 at L050 concentration for 1, 2, 6, 24, 48, 72 and
96 hours (n=10).

No. of abnormal fish / No. of fish examined (hour)

Histopathology (n=10)

1 2 6 24 48 72 96
1. Fusion of gill lamellae 9/10 6/10 6/10 - 1/10 2/10 5/10
(90) (60) (60) (10) (20) (50)
2. Disarray of gill lamellae 1/10 4/10 2/10 6/10 4/10 110 3/10
(10) (40) (20) (60) (40) (10) (30)

3. Lifting of gill lamellae 3/10 2/10 4/10 3/10 - - -

(30) (20) (40) (30)

4. Colloid in gill lamellae - 2/10 - - 1/10 3/10 2/10
(20) (10) (30) (20)

5. Curling in gill lamellae - 2/10 - - 1/10 - -

(20) (10)
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Figure 1 Histopathological changes in gills of Nile Tilapia fry after treated with CuSO4 (H&E). A. Control group
showing normal gill flament (GF) and gill lamellae (GL). B-F. Treatment groups for 1, 2, 24, 48 and 96
hours showing fusion (FG), lifting (LG), disarray (DG), curling (CG) of gill lamellae and colloid (*) in gill

lamella.
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Table 2 Meanzstandard deviation (SD) of epidermal thick-
ness of Nile tilapia fry (n=10) of both control and
treatment groups after treatment with LC5O con-
centration of copper sulfate at 1, 2, 6, 24, 48, 72
and 96 hours. (n=10).

Durations Epidermal thickness (Mean®SD) (um)
(hour) Control group Treatment group

1 39.20+5.30 37.20+2.83

2 47.2016.27 40.40£3.40

6 33.60+£10.22 40.0046.83

24 39.20+4.34 44.40+7.71

48 45.60£10.63 33.60+2.37

72 40.80+8.18 42.80+8.45

96 36.80+7.61 36.40+3.60

wa@nIsanIINMeIvasanlan

gnﬂmﬂq’umaaﬂumimaaaij‘uﬁuua:’ﬁ’u
a:LSmﬁ"l,éﬁmanLﬂa%’aLmezé‘um']mi&Jiu LA
wadnrumIoidadndillaIounsuiung
ALY Iﬂﬁgnﬂmﬁa'jwﬁwLLuua:Lﬂ:azﬂz 1190271890
X Aa 5 A A '\ A A aAX a
IuanguaImManiai Ya-.dauxnlalniandan Lyany

o oA ' ' Y A

NI L&Janmmu"Lﬂgﬂﬂmamum LLamq@maauvlm
ARAILAZLOLAINALTAN LLa:mUluﬁq@

I's

ITntuazdjUua
PMNRANTANEIATIANL I LC, -96 hr u83 aatias
Faadagniafiavinny 6.671 JadnFudafas Faden
v 1 =3 6 3 1 a
WaENIMMIIANEINeVIRaUleT TatnWasadaittasspy
. . = o A& A Y
34 (fingerling) wazyzozlal@udy (adult) Tefdnvinniy
31.20" uaz 58.83" adnudedas aud19u Nkeana
WavnnizeemIaiyvassainaaasiltlunmsineies
tduszazgndan annanasasiliwoiszaemaaiy
yasdmoraduilhiosagnvilddarszosTodan (juve-
nile) Iauhderatidasdanalaisinindaszuzlaidu
o' srnsenudufinues asdidasdainaatafiaing
Auul a1 Iinydasznisriavasdauacadodn

1 =1 6
VI UUIaV89Ua nabansuunuadfuvesnaliles
losaudadudnumsianizradUa™ wargnIWNIRITE
229Ua"™® wananninsn LC_ gasnadidasianandns
% 8191189 NNANBUTNIINUNIWLAZLA RNV INT b

J Sci Technol MSU

NAFDU mﬁﬂLLazawqmaaﬂawﬁifﬂmaaaLLazé'm’m'vab
yastdadanstidasilunarilianuidufuidiuandis
' danudazafiaazdiin wunuad@u (metabolic path-
way) me@mﬁumaLﬁaaa'\ﬂgmmwaamnﬂ‘éﬂuu,ﬂm
N9TINN (bio-transformation) JANULANGIIY FINE
IWAawunuelad (metabolite) Aitfluiwannwioos u
msdnmnaSiien LC_-96 hrAlefienstos Woifieuiudn
LC,-96 hr ﬁﬂmqmtaﬂ%m (Clarias gariepinus) ¢3u
(70.135 AaanTudanns)™ Faunievasaiilinaasias
fanadamMInauauaddenNuluinrasnatidosTainea
aae"

Tumsanenaeit aetuledds Lw@ﬁwaaﬂ’mgumd
@iam‘ﬁ’anmaagﬂﬂmﬁanﬂmjm@aadmﬁumsmu 1,2,
6, 24, 48, 72 Waz 96 7 lu9 WAL ANBULaNINS
amwﬁwumnﬁq@ ﬁaLﬁatﬁaqﬁwm%mﬁaﬂL‘ﬁm‘i’]mu
sernligmdenidondaiu %uwna&ﬁmﬁaq RILNIUII
LINFIANINNHH VU BLAANTLININLAZ NG
pon SamaandostuanNAaUnafinulwafiiaszaslady
So (hniineds 35.3045.9 n3w) AldsuaatiloiFana
AMNLTNTH 0.5, 1.0 ez 2.5 UAFNINGANT W1t 21 T
swmsanuAadndueriandanly (Cyprinus carpio) 7
1@sunatiastanannuidudu 0.25, 0.50, 1.0, 2.0 LAz
40 DRAN5UADAAT ITWALINUNITWLAN BN TLRY
ﬁ‘hmuwﬁaﬁﬁ‘:aLﬁlau‘ﬁuLLa:miL%auaﬂﬁumaa%m?aﬂlu
ﬂm'gu%m (Solea senegalensis) 7' yéauﬁvlﬁ%u LCsO-96
hr aathdastanannuidudu 0.32 AadnSudedas® ns
Lﬁmﬁwmuma&f‘:alﬁlaqﬁaLLazmiL%auamﬁ'maa%mﬁaﬂ
Hunalnfivarlsdasiudaias tiasanmsuondivasiu
L dnE S o N w RN T HE NI BINNSUWIH WD B9
vafiwluinfiezdnAonszumaanliunnds Sesanalinng
waniasuiavaswndenidely®

Tugnimfiavnsdamumadesdalidusndoy
Mo uazahudrvasdiwion asldnandoiuanuaed
AnUndvasdmdendinuludalu’ Ssonalunalasass
Nnlaneriin wenINiTnUnanaasasd (colloid) &
é’nwmzﬁmnLﬁmﬂmf‘:atﬁmﬁu (glassy homogeneous
material) Lmsnéf'ﬂu%mﬁ’aﬂmaé’umaagﬂﬂmﬁanéju
naagdMenadlasunatidestaauin 48, 72 uaz 96
Falus aadrey wlenduetoazidnildlunmsuan
wWasuie ussfiwihfddgifsiuauaulessu saaly
T uazinaNganIa-ang”’ Fetumsianuulasdnm e
sansTanwzaaniansinalinmamelivesdanfiaUn



Vol 37. No 6, November-December 2018

wazlliarsaugavasdianinglad (electrolytes) WHotla
VL@T%’MmJLﬂaﬁruﬁnzﬁmsma"wuﬂaaﬁﬂwm@amﬂ%mﬂ
yoawiandina1n Fefeindumsilesiuanmsdniay
(inflammatory response) waznIraLrslus1Ine (com-
pensatory response) lagfimsindiwimaasuasiinng
waadlon®® nsaauanasii 2 agnsidumstieldns
uwsHuTeIE IR eNaitas fudslailiansRuvie
vaiwdnlndnszuaidaauazgieilesiunsvinanediia
Nnnaathdeslauass 1iu ﬁmmmuaqumaﬂmaa
dlafawmian® wazmsnwlandaninsiassuyaasin
sansnnelfifianaifivainsuussdegunnds a1ald
dvanyhaamsaalsevasdan 1uﬁ§gmﬁﬂﬁﬁmmﬂzs
Tuns@nmnesoil wuinneuiwesdamaluiinasdefne
anUanfannngunasas aolinuanufAadnaiawdoy
LﬁﬂuﬁumjwmuquLﬁul,?]mﬁumivlﬁ%'maﬂLﬂﬂ%ﬂ%'mwm
ANMNTNTH 1 UadNINGaRaTUaIUaN Khazar white (Ru-
tilus kutum)®

wenaNit aathlasTanadelinanangdnysy
ms'j"]yﬁwﬁﬁﬂﬂﬂamaaQnﬂmﬁannmjumaaa ERET
aseumsans ludafiaszozladuislaswuin 3 u
wsnidaledsunetiled danavziinsda-Danduie
wdeniitun awdudsdduiu gayFzaNgalun1Iig
LLa:auagﬁn‘”um"ﬁu:ﬁlfﬂ@aamunszﬁ"aéuq@ms
NARBIT TN ﬁawquaﬂimﬁﬁ@ﬂﬂ?\luﬂawmﬁmﬁu LT
Uam1aunga (Poecilia reticulata) AldsuaatiloiFana
ANMNTNTH 1.17 FaanTudAafaT Usugadng@nIsunis
FrtRaund FYLFUANNFNAN UazdidainiTang
ga”vﬁm@mﬁ'uﬂmqmmﬂ%mﬁvlﬁ%'maﬂﬂa%’mﬂmﬁ
nunLEmM s esin e lagfimInszgnaiudidn dam
wudimuaziiaaen Uangyiauauauqauaznaauss
MEnEInfilanensunannianANuLA3Ea (stress
avoidance) Afaannaetidasdama Uadsninaseiat
Tuwmdslasfinastulnaiuani ussdsumatasdn
a4 LLﬁmmazamaEiﬁﬁummumz"mmﬁauﬁ“

ﬂ']iﬁﬂma%\aﬁmmm@ﬂﬁ'jw mMsasnulas
qamﬂ"imﬂﬂuaam'ﬁ’anLﬂuwammnﬂmvlﬁ%'maﬂl,ﬂas’
Tarne mi"l,sjﬁwmiaqamm%mmaaﬁmﬁa Fsmanndes
ﬁquaﬂssumi’jmﬁwaagnﬂmﬁamjumaaaﬁd’mﬁw
Hadnd iFeanuauga uiudamianda-Hasgenai
wazEdndda aoimonalfiviaonduaiesdafivanainy
hdaanuiufinaslanzninuasiinanafwauityu
LﬁauagluLL%daﬁw

Histological Alterations in Gills and Skin of Nile Tilapia 895

(Oreochromis niloticus) Fry Exposed to Copper Sulfate

aacanIINdszn @

ATAZNITVBVOLATE ADAIANT NIRYIULIV
FnSumaeIuaIazanuaatitasdanalunisnasay
NNIZAUANULTUTUARBANIINARDI WATVDUBLA D
quﬁ’i%ﬂLLa:ﬁmei:mﬁﬁaé’mi’wauuriuﬁmymw:ﬁ
o & A
wutmnflglunnaseu

L@N&E13919D9

1. Okocha RO, Adedeji OB. Overview of copper toxic-
ity to aquatic life, Rep Opinion 2012; 4(8): 57-67.

2. Trumbo P, Yates AA, Schlicker S, Poos M. Dietary
reference intakes: vitamin A, vitamin K, arsenic,
boron, chromium, copper, iodine, iron, manganese,
molybdenum, nickel, silicon, vanadium and zinc, J
Am Diet Assoc 2001; 101(3): 294-301.

3. CDA. Copper in human health. Copper Development
Association 2015. Available from: http://www.copper.
org/consumers/ health/cu_health_uk.html. Accessed
January 29, 2016.

4. g TNRLA. WEINGRITITAED. L GERGR
auLnn: IHRUNUAINDREVaWUNY; 2557.

5. CDA. Uses of copper compounds: copper sulphate’s
role in agriculture. Copper Development Association
2014. Available from: http://www.copper.org/resourc-
es/ properties/compounds/copper_sulfate02.html.
September 15, 2014.

6. U.S. EPA. Copper facts. Office of pesticides pro-
grams. U.S. Environmental Protection Agency,
Washington, D.C. 2008.

7. Bartlay TR. Investigations of copper sulfate for
aquatic weed control. Water Resources Technical
Publication Environmental Science Section Engineer-
ing and Research Center. Colorado: 1976.

8. Watson C, Yanong RP. Use of copper in freshwater
aquaculture and farm ponds. In Fact Sheet of Food
and Agricultural Science FA-13, Department of Fish-
eries and Aquatic Science, Florida; 2006: 1-2.

9. @y Yy, fewn azeasiug, gly wiie, &1
WY ARNBUAD. MIUTZIUNAANAIVBIRNTAILAN
snstudnlaglddasnuiesinlugrafuihona
Wiz TNTATHYI. NBNBHANTITBVITINITBUAL
WaWY NINTAUIZNI nizm’mnwmua:aﬁmrﬁ;



896

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

Kwanprasert Panchai et al.

2552.

fud wrazgITImH. ﬂﬁaﬂmﬁﬁ‘@. Runased 1
nyanw: lssRuinwiving; 2548.

Finney DJ. Probit Analysis. 3 Edition Cambridge:
Cambridge University Press; 1971.

Alkobaby Al, EI-Wahed R KA. The acute toxicity of
copper to Nile tilapia (Oreochromis niloticus) finger-
lings and its effects on gill and liver histology. J
Aquac Res Development 2017; 8: 1(1-6).
Ezeonyejiaku CD, Obiakor MO, Ezenwelu CO. Tox-
icity of copper sulphate and behavioral locomotor
response of tilapia (Oreochromis niloticus) and catfish
(Clarias gariepinus) species. J Anim Feed Res 2011;
1(4): 130-134.

De Boeck G, Meeus W, De Coen W, Blust R. Tissue-
specific Cu bioaccumulation patterns and differences
in sensitivity to waterborne Cu in three freshwater
fish: rainbow trout (Oncorhynchus mykiss), common
carp (Cyprinus carpio). Aquat Toxicol 2004; 70: 179-
188.

Tavares-Dias M, Ferreira J, Affonso E, Ono E, Mar-
tins M. Toxicity and effects of copper sulphate on
parasitic control and haematological response of
Tambaqui Colossoma macropomum. Boletim do
Instituto de Pesca 2011; 37: 355-365.

Johnson CM, Toledo MF. Acute toxicity of endosulfan
to the fish Hyphessobrycon bifasciatus and Brachy-
danio rerio. Arch Environ Contam 1993; 24: 151-155.
Park K, Heo GJ. Acute and subacute toxicity of cop-
per sulfate pentahydrate (CuSO45-HZO) in the guppy
(Poecilia reticulata). J Vet Med Sci 2008; 71(3): 333-
336.

Figueiredo-Fernandes A, Ferreira-Cardoso JV,
Garcia-Santos S, Monteiro SM, Corrola J, Matos P,
Fontainhas-Fernandes A. Histopathological changes
in liver and gill epithelium of Nile tilapia, Oreochromis
niloticus, exposed to waterborne copper. Pesquisa
Veterinaria Brasileira 2007; 27(3): 103-109.

Karan V, Vitorovic S, Tutundzic V, Poleksic V. Func-
tional enzymes activity and gill histology of carp after
copper sulfate exposure and recovery, Ecotoxicol

Environ Saf 1998; 40: 49-55.

20.

21.

22.

23.

24.

25.

26.

27.

J Sci Technol MSU

Oliva M, Garrido MC, Sales Marquez D, Gonzalez
de Canales M.L. Sublethal and lethal toxicity in juve-
nile Senegal sole (Solea senegalensis) exposed to
copper: a preliminary toxicity range-finding test, Exp
Toxicol Pathol 2009; 61(2): 113-21.

Evans DH. The fish gill: site of action and model for
toxic effects of environmental pollutants, Environ
Health Perspect 1987; 71: 47-58.

Mallatt J. Fish gill structural changes induced by
toxicants and other irritants: a statistical review, Can
J Fish Aquat Sci 1985; 42: 48-630.

Takashima F, Hibiya T. An atlas of fish histology. 2™
Edition Tokyo: Kodansha. 1995.

Cerqueira C, Fernandez M. Gill tissue recovery after
copper exposure and blood parameter responses in
the tropical fish Prochilodus scrofa, Ecotoxicol Envi-
ron Saf 2002; 52: 83-91.

Hawkins WE, Overstreet RM, Provancha JM. Effects
of space shuttle exhaust plumes on gills of some
estuarine fishes: a light and electron microscopic
study, Gulf Res Rep 1984; 7: 297-309.

Farokhroz M, Zamini A, Mozafari E. Effects of forma-
lin and copper sulfate on skin tissues of Khazar white
fish (Rutilus kutum). Quart J Anim Phys Dev, 2014;
7(24): 49-58.

Nouh WG, Selim AG. Toxopathological studies on
the effect of formalin and copper sulphate in tilapia
as a commonly used disinfectant in aquaculture,

JAEBS 2013; 3(6): 7-20.


http://www.tcpdf.org

