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Abstract
Background and Objective: Todays, due to the antibacterial properties, silver compounds are used in
various industries. The effects of non-essential heavy metals such as silver are irreversible in aquatics

body. In the present study, the sub lethal effects of silver nitrate were investigated on hematological
and immunological indices of goldfish (Carassius auratus) as a model in the Cyprinid fishes.

Method: 105 Fish were randomly assigned to in 15 fiberglass tanks (Per tanks 400 liters). 12 tank for
different concentrations of silver nitrate and 3 tank for control groups. Each treatment was separately
exposed to effective concentrations of silver nitrate 0.01, 0.025, 0.05 and 0.1 ppm and for
hematological and biochemical test, 9 fish were randomly selected from each treatment.

Findings: The results showed that different concentrations of silver nitrate affected (reduce) blood
erythrocyte (P<0.05) but did not affect blood leukocyte.

Discussion and Conclusion: These results may be due to the resistance of the Goldfish compared to
others and blood erythrocyte indices can be used as a suitable biomarker of silver pollution.

Keywords: Pollution, Carassius auratus, Hematology, Silver nitrate, Toxicology.

1- Graduated in Aquatic Ecology-, Faculty of Fisheries and Environmental Sciences, Gorgan University of
Agricultural Sciences and Natural Resources, Gorgan, Iran. *(Corresponding Author)

2- Associate Professor, Department of Fisheries and Aquatic Ecology, Faculty of Fisheries and Environmental
Sciences, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran

3- Professor, Department of Fisheries and Aquatic Ecology, Faculty of Fisheries and Environmental Sciences,
Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran

4- Associate Professor, Department of Aquaculture, Faculty of Fisheries and Environmental Sciences, Gorgan
University of Agricultural Sciences and Natural Resources, Gorgan, Iran

5- Offshore Water Research Center, Iranian Fisheries Science Research Institute, Agricultural Research,
Education and Extension Organization, Chabahar, Iran


mailto:Sabarghoei67@gmail.com

AR

. Ol pd ouillS Ci gl cdale oo (w0

b 5o 1 il e Shbs g o lapl sgzs 95 o0
(V) o)l Jlis 4y Ysb sl

Al sle enl S glie 4 ol ool sladaoe o
o 435 Ll ol laaills gy o aime slacanY
Cuol 48,5 )13 LS{I & oymiy alads oy YL s ale 05
meble o o e S g 2l S 2l
oolgils 5l 508 ale (A) 3,5 1, Laa 43 33250 omtly (sl
ad s g (st Ll d Bl 5l g wdbioe pleale )5S
sbys sbass> )5 olnl )3 (ale (pl cwl Jsere 555
OB Aoy 5 (b ;o (gele 5 aneg)l azlys o>
i oy Slalllae Cgz 4s5 ol el aidly uiSl,
oo el Sl (oolid pa ol (el (( J9SIge (sl
PRl Slids Cqz ol ol ) 1n5 sl
>y 4 (2alejl glalame ;o uizen g Sl )95
olpie 4 4s5 cnl 5l @ly jo adlbioe Jroadys g Eob 4 ;088
oslatnl lale,0nS (o) p Stz Joo

Q) 005 oo

2 o slaplil So3ele 5 Condg sl (oote a3 LS g
Dldgrge (stany Bg) S5 5 lew b Cdle antis
Ui et 33 Slalllas (1) wbl s ool alaxl o
& Obale 555 Loan VT e BT U551 (slp (satedss)|
5 308 SlodsdS wile 93 4 bgpe slaazls (V) vl
~Cmsgige 5 B Lds o daisad alox l sibus sla s lS
ol ol pf gl g glagis IS e
e S s @ Wil e lag] slaas o lug 45 aies
2l ke eyl Jelge 4 plale gy b bLS) 5o ceslio
AY)

Al Jds @ 0,8 LS 5 a8l sleeslinul 4 axg5 b
S5l cns il B e oty bz glio o Ju st
44z b5 5 Qbil oo o o)k aiilen (5950 b (S
Syg 058 Syt Coew b dlaly 5 Sl Slalllas a5 oyl

5 4o opl yo Slodlbl il ol aslllas 5l Baa w)ls

doddlo

St O R S RS 1) d9am 5o e Ay )0 0,8 (e
oo sl 038 g (s slo ean¥T L o (V) il
95 dy (goms Slge (g 03y )0 |) o a0 1 YL g
S ey b Gl ] 0 el edls olans
e Gl sl T 0 Con iz e g o eanilS )l S
V) Gl oo 0,85 by Y gases 1 (g0l ol arwgs @
adllas 5,50 3)l5e 5l ik 555 2 08 O 2LASL S
w0y by Gl gl Gl o (F) cul ad S )8
dolie gl ol SauS Jshe ao el solarul
ssb & a8 wil (oo Coeal 5 azgs BB (Sp g bl
oo ooliil sad gle Sidgu 5 b o35l (gl 05,2S
Sles oot 5 (Sed ol Jeloas bsas 0,8 () 055
@90 16,5 (Sig i Blae ;5 wad oo (a5 053l aS
Jole Ol 0)is SIS (@) o)ls lsl B o p)l5 Sl
5 oo axlis (ROS) S5aST Jld slo 09,5 s0isS ol
ooy, b 25w n Jold e Slopuasilie aliwy 4
2 b yoe ol Jsbo & Lol g bagndsn Joyoedlses
Spge a b SOl )3 08 5 gy (i &5 J>
b cgane Jed 5l g Glacdled 055 e 0)ly (b
b o] o 1y 0,5 zala wiily oo wlSe g Sl palyx
Sl a5 wols flad Oladllas 51 golaws (V) w38l
(5) Sl o O3y 0 e (6l s 4y 0,85
ol I ol oM b atwgn (ol slapiunw
srio oMol wile Gilise gl 5l 4T aiien azlye
g Lol o)ly 650 Gl 5 (55,5liS Glaclay
Slp (85 slaosysld g pya oS Il baoaiY
O Baas g 00 sl by @l Slolame (i) peres
2 2] pesgST (V) 65,5 o 0)ls o] @ slabal o
plod 2l Sake azis jo )ls 18 el | 5l mhaws o Sl
ol b 0T s eogll et o el T as slaoaiy ¥
Ol & (2138 050285 Jsb po bl 5l 4dis b Lles 5 olge

Ll QL~J| g Slog>ge O o QLA)' Job ;0 5 00l Jaie




ML ERETY

A9 olo ulgur )l AT 0lod o 3 bauxo (5599055 9 pole 7

a e (@olid e S S allisy psb 4 ol gl
055 Osies b oo 5 59, S Sjgo 4 OF (agai 5 (6 5em
S o 4555 o b pll Ol pz 30,0 B¢ ojlasl 4 &S )
0355 Okl Sl o 5 ot easlie bl Jsb 5o e s
4 Soe 5 0 b 659 sokie 4 glele (ales]
Clld s Jds 4 wad e 2 5o 05 Y ol
Slosally p by ale ol ek L e plie
wlie bosd Job b (ol 5l 08 (o (55 oloodion
AOY) 05 oolazl

Pl Y wals aigei 5 o)l ol 055 lagtales]
3o alBlax job a4y a0l bl Jled o 3l Bolai jsb 4
Uged Mdgr w8515 08 Sliis fse la chile (5yme
89 855 18 o8 Sl ) Slle s By jo wals
9 S o ghe Widew; Gres (Dot A ye 4 Olabe
Jodo ar ol plonil (o0 aBles yyg &l b (625 g5 e
Sy oot Lle wuld 4 lac e (Syee )0 bale 53 45
09 Slaiges LN 3529 Sy G5k 5l 55 05 OB
3 sliwl ws sole Glgre 4 EDTA gol> sladlyl o
= JsdlS S slaws ol (5,505l 5,90 (glopmls axzd §
St e Jedgi joil (B9 98 eumgiid ((CamsSs)) ok sl
che (lSgen lyime d(amg i) o8 sladsdS JS
Gslsen 039 (MCV) JolS sgis oo g Sgilon
Js uslSsen clile wops 5 (MCH) Jsls 1o
R sldelly snie s dS A)led (OF) 09 JolS
5 e Sglen Jlade (V0) 285 plnil (g egimgan (Bs) &
Cwoglw g o Splony Soe (o) 4 55 moligen cdile
mdedS (B Ghjled jshaie 4 au0 S Lo uslSgen
S iS5 ad oY Gy P S i gl
LB (el Ky e S5, 5 ool b oo et

a5 oals 8 alg) 55 508 slaJselS SIS (65 oIl (sl n
(T 6l az,0 YY) &bl sles [0 aads Yo Cow 4
SRR LT ONIPINV. A KESL £ P SUWER PR AP L WX CRUIPN
az 0 A gleo jo daddo B ley Sae jo feeds il

o9 plnil 0T g5, bl a5 Sley b o sezmie 8,5 il

Bz 50 adlge Cey e gl 0ole ol Hlax S
ooy Ol Sad oaisS Cod Dl oy p Sy ol
Olyie 4 508 (oo (oulid dal g (wlidiigs slagasls
ol 3G ad Sl Glale 555 00lgils () 0 Joo 455
i 0,8 Sl s Sl el S55 aSLS G)b

Dgl

SN )

Lot 5l ol a8y (8 5550 5 cjo,d calo ankad V-0 slaas
Cliios 3510 & 5 angd o) OFIXYE VYD 55 oeibos
S bl 5 5yliS psle oRals )90 3
30 Bolal Ojse a inles] plil gly o oole ol Jais
O V) ad S 5 (i Feo) ol (55 10
09,5 Qlyie 4 (e dw g 0,8 St iz glacdile ol
ARl bl o wiin ¥ Soe 4 5,5k sl 5 (ol
03 20 ¥ ol bl o @l )l slie b g ()10aSS
5 2lem Ol iulosl g (6,55l 0,90 50 ol @oldé
aligy ssb @ Ol alerdsSond Clasin 5 ad oloj)l8
oleele ialesl 5 6 )85ke 0)90 Jsb ,0 005 (5503l
IR ey el VY 5 (b celw VWY Sy @) <o
ST MErck c¥game 3l ool 5,90 0,85 &l yius axd 8
D degd Wy 5 gl ated BB s 0 PPM ckile o
Bl Gy slall p ool Slps Sl ) n e
o Sl i e 3| i AL T 5 o loale e
S ad Il s wald leie a0y S So g w8 S 18
e 3l 5 ile)T oy St 4 a5 L dacale Gl
3550 0,85 Ol d S O jge (b SorisS Cuew) Coo
Al g pSoslail NAY PPM ccels 47 Sae [0 oolanul
LeYO oV PPM s 5 0,8 Ol JFee slacdale
cble a0 alan g0 Q;':.iLa)‘T Oley e g Wdgy +/) g /0
ol ) g 5 05 WLl (5 B 3 oKy 4 st 5
2 50) 0,5 adlee ud 4 aids ¥ Goe 4 ol Liole]
A0 @BV LY e o ln s ole askad VY Jles

$Sa5ed bulpd g ad bl gy sk 4 Glalojl (ad 48,8



4

. Ol P ouillS Ci sl cdale oo (w0

Sz pae «,5 SRl GLSy (e (35 9 Jsb b olele
O BB Silogas wlsy sl amli o gl e M
mojlail il pob 4 O oliand 95058 (sla a5 09 (o
Lo 0 25 S)ge 4 bt 5058 Slasiie g ud 65
s MA- o5 = Jolom o5mST ol 5 ks 1A/ # )
YAY £ YIV0 =S e VIOF £ ¥ =g] o) 5 65
loyall 5 (g wiliy) Sype 4 Ol 1) 0 5 e
G5 oslail olfiws) b (5 uSojlail atan jo Jbgo ol =S

WPAS2000-) (s jregdgiSomsl by, dhows 42 095 5555
ok e 5l eslitul b g (oS S UVIVIS
oolitl b LialosT ,a 5l Jol> cledlbl .o (s puSojlasl (g0
4 b G ANOVA 5051 ol b 3 SPSS 20 1581 6 5 5!
S50 (P<e/o0) o0 0 g jloline s o Sy o g
4 odal Cowd 4 ol den 2,5 13 6 yb] oo g 4

B el jlone Gl sl E - Kke alis

paxsly

039 3% I3 ime DS 468 o s)lol @l o)y ok
saolie aal 03,8 b Giiske (sla st ool S Jsb 5 S

0 45 Ol yid oudlS Coi gredale b agalgo 50 0,8 (olo (o oy gl -V Jgo
Table 1. The Result of the biometrics of fishes exposed to sub-lethal concentrations of silver nitrate
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Table 2. The amount of of blood parameters of gold fish exposed to sub-lethal concentrations of silver nitrate
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