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ABSTRACT

Clartas variepmnus ( Leugels), mean weight 6.0+ 19 and mean standard length 9.5+ O.4em
were exposad (o characienzed Great Northem Lanneries” etiluent tor acule and chrome ooy
studics.

The physicoschicmieal paramiciers of ihe tost cilluent were daermined using a combination
of the Aumenivan Public Health Assocsbion. Lavoonmental Protecion Ageney and Sovicly in
Analhvtical Chonusts” imethoald

Cr, Cu, b and Zn concentration n the digested hver, gl put, ekin, bone, muscle and
wheletish were determined by atemic abserption spectrophotometry. PBC and WRBC were
commed with hemocyvtometey vamg blond obtmed by comdal severstion. Hacmaoplobin wag
estimated nsine Sahh=Hethoe method hematocnt (PCN) by vsing the ticro=hematocnit tnhe

Fhe svmpioms of foxicosis observed motide aotated ssammme  nereased ol ventilanon,
air euipme. twistine. 10ss of halance. mucus secrenon pecime of shin and death,

With the exception ol temperature. hardness, M, Ca and Fe, all other pollution parameters
stcdicd were acuiety tugher than the FEE A approved standiards.

The Yo-h L value 0F 2.5%0 vy (2570 Condidence imit of 8.7043 = 10,2057 ) and a siope
funciion ol .05 wae ostablished.  The scuichy ovposed Lish wore found 10 have accumulated
i invlals than the contiol Bshowaili the Iiver accumadaimg simadwanidy liizher than othies tsucs.
Total metal burden for the sublalial cspostre showed the aecamulation in the order of P
Cu  Zn with liver levels signaticantly higher (1" 0.08) than other tissuss and mvtal levels

mnereasmyg with dose and tm..



Bl
In the acute studies. except tor MOHC, the RBC, WBC, Hb, PCV, MCH and MC\
decreased.  In the sublethal test KEBC, WBC, Hb, PCV, MUHC and MCV were significaniiv

higher (17 0.03) in the ctiluent nearcd fish than in the conunol, with only the MCH showing no
significant variativii.

Nature ol bssue dwnaze was Lound 0 be sunilar i both acute and sublethal Ciposuies witle
ovdvma and hyperplasia in the gills. Ocdema of hepatocytes and necrotic damage was found in
the livers of the long-term oxposed fish. Low ovanan weights and a dose dependdent impairment of
growth (average changes i tish waight on a biweclly basis) were recorded in the effluent exposcd
fish

By smplicanon. tannery ctfloent would adversely attect Hish populaton due 1o 118 eticer on
reproduction. the accomulanon of heavy metals i fish nssnes could atfect consumers most

especiatly man.
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CHAPTER ONE

10 INTRODUCTION

Fmvaronmental contammation with chemicals have become a elabal problem  Data on thewr
accummbation by hving oreamsms are theretore valuable both to assess the satety of these
chemicals tor man and the extent of contammation ot these organisms in the environment. In the
fnmne ol hides and shins. a lot of effluents are eencrated (soakine. hmine. dehmine. batine.
pickding. tanmng and dveme ). This s so most espectally because the tanmng mdusiry 18 heavily
Wader dependent.

Accordimg 1 Prasad. ef wf (1981). wastewaier Irom the tanmmg indusiry ranks among the
miost polluting of all mdustnal wasiewaiers.  This is not suipiising when one considers the farge
and diverse nature of the fanneny clllueni comtituents. Such pollutanis reported ay contained
tannery chllucnls inddude Arsvine (Vidlae 12665, Macury, Lead, Heaavalent Cluonuum. Sodium
Sulphide (Pepper, 1966, IULTCOS, 1976). Lawal and Singh (1981) in characteiisation of offluciits
from certam tannenes i Migena lsted several heavy metals (Arsenie. Cadmium, Chromium,
Cobalt, Copper, Iron, Zine and Lead) as being present above the permissible limits, Other metals
such as Sodivm. Porassinm. Caleinm ac well as Chlorides were also reported

Vong with other pollutants heavy metals are known 1o exert g wide ranoe of etfects on
fshes  ranome trom metabohe and phvawoloowe 10 behavionral and ccolooweal (Forsimer and
Witmann, 19815 Fhe observed ctfects melude disturbances in osmorceulation and respiranon.
Bissue damage espectally m the edls. hiver and also m the bram, reduced enereelic resources and

POOT STOWLR PETTonmidnee.
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Nitrogen and Phosphorus have been reported as bemg contamed m annerv wastewaters
and in large amounts (Lawal and Singh, 1981).  These two elements form the primary nutnienis in
freshwater bodics (Vollenwaider. 1908) and whare discharged discctly imto fieshwater bodies fas it
is the case with most Nigeran wanneries (Lawal er @/, 1990)], there is the danger of cutrophication
arsuch water budies (Vollenwader, 1968 ,de Bocrs, 1994).

The punty and salumiy of waicr bodics e greally aflvetad by chiondes whndh are present
in huge amounts in tannony wastewalers. Biodegradation of organic matter could be drastically
reduced or hampered due 1o the presence of caustic alkalinity which kil useful bactena.

Schotr and Gilliwen (1961) reported the presence of Rucillus  anthracis in tannery
effluents, A fow cases are reported where anthrax has been transferred to people through contact
with tannery etfluente discharocd in eortace waters (Bhaskaran 1977)

The hioh amounte ol saspended <olids and Biochenncal Oxveen Demand (ROD)Y content
of tanmery wastewater have been noted (Fawal o7 of 1986)  Generally, the gh alkahinin
suspended matter. sulphides and heavy metals e ettluents of fannenes are imunous o hish and
other agquate oreanisms (\ason 19910 UNEP, 1991

Damage (o crops caused by tannery wasies when apphicd on fand was reported 10 be due

(o the mgh concentranon ol satis of calewm. chromum. sodim and ammaonm as can be seen in
the chiaractensation of tannery sludge (Skavpshi-Naniele and Bridle, 1995). Apart from this, i
crpiclunent ol the soil with organic nitrogen wasic promotes the developmient of mitrificrs and
Jomtedlicrs and Icaves ihie soil poor i mbrogen and also, dhlﬁili.iisdliull resulia i a loss ol trogen
dieectly to the atmosphere (Mansamy & Foelilinamuorths, 1981),

In Migena, the tannmg of hides and shans i 3 promunent industry as it sorves as a forcign

enchange camer. The tanming of hides and shans m the country started centuries ago with the small



scale rural tamicn‘cs whereas (he large scale mechanised tanneries staried about li\& dcc.adt,s ago
(Adewoye, 1983). According 10 LERIN (1981), majority of the commercial tanneries e
concettrated in Kano metropolis which has three major industrial ¢states - Bonpal, Challuwa and
Shivada,  LElfluonts [rem Challawa apd Slunada estatos arce dischaged untreated into River
Challawa and waler from as aiver s used Tor unigation, bathing and lshing (Udch, o W/ 1997).

Considetable work has buva doae on the charactcimaiion ol tainary elBaciis m Nigwtia
(Lawal & Sillg]l, 1981; Lawal, of wlh, 198G Lawal, ef ul, 1996). Cm"llparh]g the treatiment and
dispusal mthods pravticed by majur lantvtivs in e countiy, Lawal i wf (1886}, Luwal, ¢f o,
(1096} concluded that o fair degree of pollution ovcur fiom these discharges.  Inspite of these
findings, studies relating to the tovie effects of tannery waste on the Nigerian bicta and s various
life - support systems bave not been reporied.

The study was therefore desioned with the tollowing objectives in mind:

1. To characterise the effluents from Gnneries with a view of ascortaining poscibly

pollutants present and levels of concentration:
2. To expnse a wadety and commonly nceurnng fish, Clarias gariepinus ('Feugels) (o

vanous concenranons of the etftuents with a view of determining:

i. The 96-h Lo, of the etttuent o the Tish (acure toxicity studics);

fi. Lonp«ierm (chronmc) toxicity studies which ielude:

&4 Llleets ou behaviour, growdi and repoductioun L_mmi;m loemanon sl
development),

b,  Efficts on body physiulogy,

& Effects on body tissucs {gills and liver) and

d. Amouats of cortain toxicants (heavy metals) acoumulation in fish.



CHAPTER TWO

Q

2.0 [JTERATURE REVIEW

1 industrial waste are highly comples and as a r;cnll.. determining which factor s
operating becomes dilficudt. Measurement of biochemical changes in blood and tissiies of fish
under exposure to pollntants mavhe useful 1o predict eftects upon exposure since hinchemical and
phvsiotomcal distuption preceeds manifestation of gross damagg,

several tactors are known o artect the toxicity ol pollutants.  Larger Lisligs are knowan (o
bic Jess suscephible 10 oxicants than smaller ones (Pichening, of <, 1902, Mohanuned, 1993) sl
specics dilier mn et responses o poliviants as seen m the case ol Annung, ef uf (1994) when ey
cxposed juventics of Greochronus nitoficus and Clarias gantepinus 10 cadnmum.  FEven withmn
liw saine fish specics, diflerences could arise Irom such Lactors as size, sex and witcther iy fish
were wken mowinter or summer as seen by MeRnight (1903) when be exposed the  moumain
white fisly, 7 vovopaane wifliuneseni o 11,

Onwurnmkre {1986} investigawed the response of a freshwarer fisiy, Trlapiv nifouca (L) w
veared elinory cilluenes and observed that dough no significant munaiiny ovoued ai J00%,
Allucni concuntiabion, growtl was [umd o be umpaired.  Aatalysis of Gsh mvtal burden showed
preferential moetal avoumulation with fish tissaes acvommalating mictals several bundred tinacs
above the levels in the retinery otfluenss.  Damage to organe was only found to he contined 1o the
gills, This damage manifested in bulged opercula as a result of ewellen gills of fish exposed to
cMuent concentrations of 30%, 40% and 50%. Ocdomatous and clavate globase lamellae wepe

found conpested with hlond with lamellae fused extensively
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Benetsson: ¢f wl, (1988 exposed three species of fish. Myoxocephalus yuadricornis,
Athurmus alburnus and Verca theviandis 1o pulp mall effluents and studied the effects on the
vertebrae,  Thev found elevated frequencies of vertebrae delormations and there were alterations
i the composition and mechanical streneth of the veriebrae,

Saneia aid Blata ¢ 1983) studicd ihic cilects of vegatable ol tactory citiuciis on ovarian
rectudescence in freshwater Lish, Cliana puncicins and found out that the ovartan weights in
cllucnt-caposed and the contol fish did not vary sigmificantly up 10 60 days.  Theie was a
-u';_unh»..u i dectvanse e the ovaian waghis ol ihe oilluent \..\pu.'lu.l Lish after 90 le‘\n and s rend
cottinuad 6! the tormination of the experiment. There was retardation in developieit and also a
higher incidence ol atresia

Rajendran, o w/l. (1985) exposcd a freshwater fish, Sarotherodon mosambicus 1o
mdividual and combined tannery offluent and found that for the combined waste, the LOSO wag
1390 and 1309 and 389, for the chrome fannmo and soaline wastes respectively

Ghem  of o (1997 exposed pivemles ol g freshwater fish Oreochronns mloticns 1o

omposite tannery ctiluenis and tounid the 96-h LC_;D with their confidence hmits to be 15011 627
= IS 378G vy Svmptoms ol tovicosts were observed 10 have mcluded 1oss of equibibrium
antated swimmune. air oulping and tinallv dearth. Nucus was observed on the oills and bodies ot
dead Lish and hacmorraee ol the wills was also observed,

1 he svnergishic ¢llects ol heavy metals i orgamsms s well known.  Livod € 1961) repored
the tmeractons beween zne e combinanon with copper and lead. copper and plicnols in
combination witi fow oaygen. Teavy mcialy aie promunently present in tannery eiflucnts (Lawai

and Smgh, 1981,
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Ihe use ol hacmatological paramelers as mdicators of sublethal etlects ol stiess (¢.g
poliutanis) can provide information on the phvsioiogical responses 1ish make 10 changing external
covitonient. 1 his is because hacmatological parameters are relaed o responses ot the organism
(0 changing envitonmental condions, and thercfore can be used 10 sereen the health of fish
vapused (o tuasvants {Gill and Dant, 1981

Plulloss and Gupia (1983) caposing Clurias butrachius o aldinn and Swascolix CD-38
found out that dotting time (CT). Mean Corpuscalar Tlacmoglobin (MO, Moan Cl Volume
(MW were decrcased with merease i the pollutant concentration and exposure time whereas
there was an merease mn the values of Hacmoplobin (Hb), Red Blood Cells (R1CY. White Plood
Cells (WHCY Frythrocvie Sedimentanon Rate (ESE)Y and Packed Cell Volume (POV)Y with
merease moconcentralion and evposure nme. They were of the view that the incresse m POV and
Hivm expenimental hish mehit be atnbired to the catalvsine action ol chemicals due 1o which the
hody store of won s mcorporaied mto the Th Aorawal er «/: (1978) also reported polvevthenma
cabnormal mercase of RBC) as evidenced by most sionificant rise in ervthrocvie number (P
ouhy atier admimstranon of 0.23% aldnn m normal dict of Chang punctaius.,

Dhadlon and Giupta (1983) explamned that the decrease in CT wath exposure 1o poilutants
could be as o result of the disturbance i coagulauve mechamism,  Pollutants such as heavy meials
alicet Invbiibolysis adversely by depressing coagulative mechanisnn,  Tlowever, studies on the
clivens ol Bicavy metals on Nigoran lreshiwaier fishes (Oladimeji & Ologunmcta, 1987, Oladimg)i
& OGilen. 1989, Annune, cr W/t 1994) did not speciiivally look at the effects om CT. These studics
lovhed wt cllccts vn cortan Llood parancicrs and metal accummulation in tissues and aie discussd

latwi i tho Chapivi.



An increase in Prothrombin tume (P'1) as l'oumllb_v Dhifon and Gupta (1983) nugh.(..hc due
10 liver discases or Joss of cletting proweing from the blood via the Kikdneys in renal discases as in
nepluotic syndromues (Dacis & Lowis, 1973),

Paitigralu and Misra (1978} expused a freshwater fish, Ambas scandens 10 meroury and
fuund a deurcase in RBC and L. Body weights of treated (ish also deoreased signilicantly after
15 days of eaposure.  Gill and Pant (1981) however found an incipient Jecicase in RIBC and
subsuquent recovery when they esposcd the Wdeost, Puatins conchonivs o nwreuty,  They
attributed the incipient derease to haemolysis caused by mercury whils the subscquent recovery
was ascribed to enhanced cryvthropeissis which was triggerad as a typical strese response.

Panigralt and JMMisra (1978) {ound blindness and oxophthatmic swellings e Leobas
seandens wxposed to g over several dayr, These effects were presumed to have boun caused by
the effects of mercary on the brain and optic narves. Neurologigical disorders caused by mercury
and xecnndary powoning might he important ecological concequences as merenry is Innwn tn
directly affect several phasinlngical processes (Blair, of af.. 1975),

The exposure of the twleost, lnabas testudinens (0 cadminm reenlied in an inceease in the
FSR. MCV and MCH (Ranerjee and Kaman. 19RE)  Annunc. ot of (1994) working or the acute
toxicly ol cadmium o pvenites of two  Ireshwater fishes, Oreachromis nitetions and Clurias
garrepinay toand the 9o-h 1O <o be 19 319 (18 370-20 310) mg D and 10.850 (10.097-11.659)
mg/t respectively  They advanced reasons for the significant difference in snsceptibitity (P < (105)
between the two species as buing mikcgumental.

Davis. ¢t al., (1970). Tlolcombe, er W/, (1976) and Haodson, ¢t al: (1982} reported that _

ranbow rout. Swfme gardnrers. exposed 1o sublethal concemranons of lead starnnp ar the ege



stage showed black tuls land spmal curnvature, clevated concentrahon ol lead m tssues and the
whibion of the ervihrooyvic ensvime, a-amnolevumic ackd dehvdratase (AL A=),

tdapia ndoea (1) coposed 1o water=borne lead sutlered o decrease mn Hb tevel and the
dectease was dose and wine dependent. There was abbho a dectease i the mean corpuscuda
Jacmoglolom concentration (NCTIC) and tis pomied 1o the Tact that the major clicet ol fead on
blood might be a acduction i Hby (Oladimcg and Ologumimeia, 1987). A ivduction

Leawtnvgloban,  liseniatocni and dolonmed ostlivostes were soputivd by Wong, o W (1978)

liske capuaed o sublvihal concenbiations ol lvad,  Tudson, «f wf, (1978) sugeesicd ithat this
devivase vould have beon as g result of acduction in oclular bloed iron which could have led to the
reduction i the oxygen carmving capacity and also stimulated envthroproesis Deerease or
depletion of  plvcogen in the liver of fishes ovposed to pollutants have heen found 1o he doce
dependent (Call and Pant 1081 Olvhmep and Oloounmeta 10875 The Dyeer anthors sogo el
that this decrease mcht be die o the methicient adsorption ol salable olicose fram the intestine or
the breakdown of bver cells which store or synthesise otveovpen

L he Iustopatholooe cliects of polatants or tovcants on oroans and ssucs of hish bave also
boen studicd. Rumar and Pant (1981 ) observed the nstopathoiove eftects of acutely toxae levels
ab copper ad zne (hody heavs mictads ) on the oslis, iner and kidoey ol Puntias conchionias. e
clicets ol these two metals on the eilis were Tound tebe andisimgwshable. Al 24 hour exposure
e, the mucus oolls underswent vperaophiv aid the ceils were complcwedy holiow an ihie cnd off
two days as e mucus compiciely disappeacd o e, Along wathe das change. e gl
Tanullae were Tound to have Tusad .llnug thieu Lll::hln of ai then li|.'-.m Thete was abso dutaclunenl

and swelling of the opithelial Thung of the sceondarny lamclloc Livin the undeilving pilla s i

many places.



[hough Wong. e af: (1977 tound.no structural damages in the gills of Cyprinus carpio
eaposed o ane and copper salls (a (ypreal case ol dulerent species response (0 same loxicant )
there was the presence ol a vel=ithe liim on the operculum and on the bodies of the dead hish. In
addition w this. the dead fish were found 10 have swollen abdomens as observed by Tewis (1978,
Lbole, vr wfl (1990) and Annunie, 0 wd, (1991, 1924). The tormaion oi this veii-lihe substance
aceurding 0 Wong, o wf, (1977) and Annune, o @, (1994) was due o e meiaction ol the
beavy mictal wons with the mucus leading 1o the previpitation ur coagulanon of mucopruicin un thc
cills hamipuitng gasvous oadhange and vsmorcgulation s water flowing over the branclual
Chanibers could ot scachs ihe flatneni wells, Wong, of @/, (1277) advanced two vilicr pussible
death causcs as:

i the disruption of circulation of the blood in the gill capillarics as a result of the

impermaabthtv of the ol filament. This was also corroborated by Annune, of l;
(1991)

1 a heart block. dropping the heart action to about half.

Ay pollutanis srrespective of type might firstly canse damage 1o the gills (since the mil
are more or less externaly and this pmeht be expected o attect won and water balance as well as
respiration resultmg nto concomuant tissue hvposia (Skidmaore, 19700, Smce even the toxie levels
ol Zine wid Copper were unable (o mduce stiuctural altetations m the sdls ot ¢ carpro (W one.

o 1977) the gl damaee and consequent hwpoxia did not appear 1o be the oniv causes of fish
death,  1Eseems therelore that damage caused o mtermal oteans also plaved a role i Lish death,
Wone, o als (1977) Kumar and Paot (19%1) tound evidences of vacoulation and necrosts m both

e fvers aiid kdneys of Tishes exposcd 1o metal pusoning,  Fanigraii and Misia ( 19/78) Tound the
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liver o1 Anabas scandens exposed to mercary (o be paler. tender. more congested and also smaller

than those i the control.

Omoresie andd Ullodihe (19291) studied the ovicolomeal elicets ol Acuielhe 25 EC (an
wisecticrdey on the wifls, biver and kidney ol the fingertings ol ¢, pidoncres under a conimuous e
svatenit Lhe tesulis showed the pills o be mosty damaged witt mimor neciosis obsaved i thic
liver and hidueys at g concontiation of i ugl'. Thae was evidene of faity degencration and an
wuital mcrvase i the upulsul.u veilitlation wliach .-sulh»qwullll_\ ducivased 1o bulow poriial ab il
ond of the 96 h bivaseay.

Babatands (1997) cxposed tingeilings of O mledicns 10 paraguat (gramoxoae) and
determmed the 96.h 1€ 1o be 1230 mpl'. 1 ong term exposures were found to have recutted in

£0
arowth imparment Which was dose dependent There was also decrease n the values of Tk,
haematoorit VCTHE aad lencoeyte comnt toesthey with a igh cidence of haemoheas which the
anthor attpbated 1o baemaodilginon Hidnp?ll!ulll wacal diamaecs were observed o the orfie hver and
hram

I he uptake rates and accummuianon of fovicants by vanous fish oreans have been sidhed
Loverroove and bddy (1952) stated that m hish. the mam sites ol heavy metals uplake are the walls
and the gastromtestnal act. Oladmien and Clooummeta (1987) exposed dapia niiofica (1)
watler=borne fead and tound the ievels ol Jead accummubated m the whole Lish 1o be directiy related
1o cotteariration and duraion of eaposure e, Ofadinen and OHem (989 caposad tineeriines
ol Oreochromy miloncis and ©laris ducera W dcad and Found ussue accummulation of the metal
0 be i the order: will - wtestine  diver - shin masdde - bone and gili - liver - dmestine  bong

miwsede teapecineiy. Snnune and Danovura 1993 found accummutation of Zme i e ivsues
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OF (WO SPECIes common in Nigenan waters. (4 nidoncus and O, gariepinus 10 have increased with
expostre e, Whereas 2me uptake by the fissues was m the order ol ver -~ put - wills ~ whole

fish - shan - muscles. cadnm uphahe was Tound 1o have Deen ol the order: iver - ol ells
shin - muscles - whole nishe o ihie whaole, the ¢ rarras sp was 1ound 1o have accummuiat ! o
iwo mctals more than e Creochromis species (F - 0.03) and at a faster rate as shown
diffcrenices in their bloconcentration tactors (3CEFs).  The intcgumental ditference i the wo
species was advariead as g possible 1cason.

Broohs and Rumisey (1974). Bonoil, ¢l (1976), Holcombe. e wi, (19706). Fanner. er ui.
(19795 and Badshia & tsoldapinb (1962) have all ieported on the mcial eonchuneni of ish oigans,
In fish Ziie has beon found to be generally fow in muscles and high in gonads (Brooks and

Rumscy, 1971 Radsha and Goldspank, 19825,
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Eiuents @

The cflluents usod for this study wers tannery affluont - the composite (vombinud} type.
Al offtucnts wsed wore collected from Great Northern Tanneries factory, Bompai. Kano,
Efluents were collected in the mornings (between the hours of 6 and 11 am.) so as to ansure a
trie pepresentation of the composale type. The effluents were then transported in SO capacity
nlaghe eane to The Diepartment of Rinlogical Sciences, Ahmadn Bello Tiniversity, Zaria where the

ettluents were nsed immediately. '

3.1 Plgewds Parameters Determination

A combmation of he standard methods of the Amencan Publie Health  Assoaation.
Fnvironniental Frotechon Agency and dociety tor Analviical Chenustry was used 10r measurement
of various paramelers. The following cilluent paramcicrs wore deermined; Temperaurg (°C) by

using & mwicwy buib thermometar, pIi, wih a pIl micwer {poriable Beckinan) Elcctrical
Comduc vty U‘?/ 1) usimy G portable Linflin tvpe conductivity meter.  suspended solids ( ppm).

Enssabved solids, total sohids, 1o1al ash. 1otal alkalinity, hardness. suiphide, sniphare, 10tal niirogen,
B0 Dissolved oxveen. Magnesium. Calcium. Zine. bron. Chroomum. Arsenic. Copper, Sidium

and Potassium (all utuds n ppm).
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3.1.2  Treatment of EiMluents tor Metal: elermination

Due (o the complexity and vanability ol tannery eflluents matrix, preliminary trealment s
necessary (Lawal, 1988). Suspended solidds i the eftluents were digested and pre<treated in order
to destroy organic master and dring all the metals inw solwion.  Certain metals such as arscnic are
volatile and hence dry ashing is not suitable { Allen, er wl; 1971). Lawal (1988) invesugaed several
digestion methods on tannery cfftucnts and found the Nitric - sulphuric - porchloniv acids methods
an dosenbud by APTEA (1585) lv by must suilable. E
Proceduse:

To 100ml sample of tannery ¢fflucnt in a 250ml beaker, 25mi of HINO,, Sml of S0,
'I'“.I:m.cl Sl‘ml of Perchloric acid (all concentrated) were added, The mixture was carefully heated on a
hot plate so that no foamng occmrred.  Nitrie acid was added in small portions ll all organie
malter destroyed indicated by no further darkening of the sotatinn.  The solution way cooled and
40mi of conc. HCL added. The mixtire was then filtered and the volume brought up to 100mt in
& volumenic flask. Portions of the sohution were then taken for heavy metals (As. Cr. Fe. Ph an¢
Zn) lor analvsis using an Atomic Absorplion spectrophotomelry (AAS), Buck Scienlitic. Model

210. - ' - l

3.2 Experimential animals

Al the Cluray gartepinus (Teugels) used were obtained form arusanal fishermen at the
Munade Bello University ng and were caught from the crecks. For ihe woxicity and growth
tsts, juvenilos were used while for the ovaran development (recrudeseence) studics, matured

specimens (fomalv) woru used.  Acclimation lasted for a period of throe months in the laboratory
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«Juch lish were held m 160L capacity hokling lanks al a temperalure range ol 24.5 -

o fed twice dady ar a 2.3% body mass with Jormulaicd diet ol 35CP1L at natural photoperiod

Kaadomisaiion:

Finoy (1964) suggosted o formal ;'ax:ttlv.1nxisuii0n provedure in assigning ibe spocimiens o
vaniuus soncenlrations so as w avoid the introduction of o avstemativ error. Randomisation was
dherefore carried out based on the methud of Spraguo (1970). This was dune by distiibuting the
first wet of fich caught info one of each of the test tanks in random order according to the
oceutTance of 1-10 numerals in a prepared table of random ordar. This continued until all the test
fish were assigned. The problem of position effect was eliminated by randomly assigning the Tegt

tanks.
3.4  Toxicity Tests
Acute (96-h static toxicity test) and chronic or sublcthal (8 wecks) toxicity tests were

conducied,

3.4.1 Acute (96-h) Toxicily Test:

96 - h satic wxicity tests were conducied following the methods of Spraguc (1970 and
APHA (1985). The siatic {oxicily tcst is justificd because the clllucnis [rom the factory enivt the
tevvivitig cousystem periodically (personal communication with the AGM, Technival). Fish were
sxposed 1o ofllucnt concontrations of 0%, 5%, 10%, 129 and 15% v/v. [each concentration was

replicated and concentration in cach tank renewed after 48 hours.

Tish averaging a weight of 6:20.8g and a standard tenth of 10.0£0.5¢m were rundomly
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1o the vanous test tanks as described above, Feeding ol the Lish was suspended 25 hr

.ommencement ol the toxicnty tests.  Lhe behaviour of the fish was obscerved belore,

md afier the xicity ests.  Examination of fish for monality was done at 13, 30 minuigs.

i, 2,4, 6, 8 and 12 hours and then two times daily unfil the end of the 90-h exposurc

penod. Fish were considered dead when bie opercular movement scized and a gentle prodding

with a glass rod elicited no response.  Dead fish were removed from  the solution,
Physico-chemical parameters were measured on a daily basis.

The 96 - h median lethal concentration (1L.C'%,) together with its 3% confidence limits

(9507 )y and <lope function were determined using probit analysic (Finey 1971, Dick and Divon,

108 3) Blood eamples were taken from the moribund and eurviving fich for hematological analyers

The gills, and liver of the dead fish were also removed for observation and histopathological

studics,

Dunng the acule (26-h) toxcity test, the @il venulation frequency was delermmed by
counting the opercula movement (opening and closing) per minute,  More than one count was
done at predetermined tme intorvals (6 Ty intervaly for difforent fishes por tank and the average

obtained for every day. Rosults were expressad as averages on a daily basis.

3.4.2  Sublethal Toxicity Test:

The concentration of the offluents here were ostablished based on the results of the 26.%
toxicity teats. i.¢. the LC ggvalue. Effluent concentration of 0%, 2%, 195 and 6% Vv were usad.

Fich of averaoe weight ¢ 0 20 and ctandard length 9.5 + 0.6 em were nsed. Each tank (151 Tich
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of average weight §20.2g and dandard lenght 9.5%0.6em were used.  Each tank (451 capacity
2ach) contained 16 fish and cach concentration was rephicated. Two tish were remaoved from cach
traatment af fwo weeks intervals, examined. blotted drv with soft absorbent paper and weighted,

hinnd samples collected and then dissected for the removal of the fish organs. Concentrations in

each tank were renewed after every seven davs interval,

35 Ovarian Recrudescence Stadies:

Four fish awopsised at the beginming of the ¢xperiment served as the initial control
(basehne). Al the treatments received natural photoperiods and Ieeding was done at 5% body
weight twice dailv i.e. in the momings and cveningy. Waier was changed every seven days and a
pre=determined quantity of fresh effluem added immediately (i.é. in i 6% cffluent exposed fish).

Five fish were semoved [rom overy teatment (0% and 6% viv) al twenty days interval.
bluited diy, weighted and then sacrifived for ovarics, The ovanics were canoved, weighted and

fixed immediately in aqucous Boumns fluid. For the purposc of comparism, ovarian weights were
cleulaicd un the basia of 100g body weight, Cross-seclions of ilic uvaries (Tpun thick) were

oblained using a rolatory microiome, stained tusing haermoxvl sosin technique and siudied under

various miagnifivations,  The occurrence of voeytes in diffcrent stages of development in the
] :I!;
ovaries wers observed. ¢

3.6  Growth Studies:
Fish under growth studics weore fed at 5% body waight twice daily {(mornings and ovenings)
natural photoperiod were maintained and cfflusnts changed once every week., Moasurement of

wzight was done on a biweekly basis and percentage cumulative wveight determined.
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37 Metals Enrichment of Tish Tissues:

The amount ol metal accumulaiion in fish was investigated in whole fish, gills, liver, gul,
shafl. muscies and the bones.  The melals anaivsed Wcrc crou b and Zn.  Delermination was
based on the methods of ITodson. ¢f al; (1978) and API1A (1985). Whole fish and ¢ach removed
fish organ was weiglicd in an acid - washed , pre-weighod dry crucible and the weal weight taken,
These samples were oven dricd at 60°C for 48 hrs.  Duc ¢ fhe small size of most tissucs,
grounding was not June, Rather, they were ashicd direetly using o mulfle furnace at 450°C for 12
hauis (at the ond of which samples were ashod coempletoly).

Digestion procedure:

The sample was dissolved in about 30 - 70 ml of distiilcd water in a be:l.ker. 5ml cone.
. HNO), wis added and the solution brought 1o a slow boil on a hot plate. This was evaporated to
about 20ml, Sml conc. HNO, was again added amd the beaker covered with a watch elass anl
heated till a refluxing action was achieved. Heating was continued with addition of cone. HNO, til]
digestion was completed (indicated by the appearance of a clear bright colored solution).  Anv
remnaining residue was dissobved by the addition of 1-2 mi of cone. HNU, and slight warming, The
walls o1 the beaker as well as the walch glass were washed down and 1ransterred to a volumeine
{lash, rinsing the beaker with 2 - Smi of disuilled water. This was then cooled, the solution brought
o the 100ml mark with distilled water, mixed iloroughly and portions taken for analysis «3tt.
AAS, Buck Sqientifiv, model 210. '

3.8 Llepmatolugy: f

Two fish wore romoved form oach troatment tank on a biweckly basis/interval and bloo:
sampled for the estimation of certain hematological parameters. Dlood was samplod by ses ..

j

of the caudal region (Hesser, 1960).

e
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3.8.1  Haemoglobin Estimation (gdi-):

e Salhh - Hellige method as desenbed by Hesser (1960) was used, The Sahh pipette was
lilled with blood shightly above the 20mm’ mark and the excess blood was removed by bloting
wiih a soft absorbent tissuc at the tip. The blood was then expelicd ino a calibraed wansmission
iest wbe vontaining 10mm' of G.1N HCL The pipstie was rinsed several times with the acid
solution, The solution was allowed 1o stand for not less than 3 munutes and not more than 3
minutes bofore icading using a colorimeter at botiween 530-540 nm. For recording, the calibration

charts reading grams percent versus percentage transmission prepared by Miale (1958) was used.

182 Aiero haomatoerit (P €7 V)04,-

Rlood was property mixed and drawn into 2 micro-haematocnt fube by capillary action np
o twosthird of 118 length. Centrifugation was done at 10, 550 rev. per mimites for 5 mintiies m o
micro - haematocrit centrifuge  Readings were made using a micro-haematocerit reader and resnlis

expressed as the volumes of ervthrocvete per 100cm * or as a percentase,

3.8.3  lotal Ervthrocvtes and Leucocyte (min)

For the ervihroovies count, Hendrichs, difuling solution was used.  1he standard R3¢
diluting pipetic was used and a 1.200 dilution was made,  This was made by drawing biood up 10
the 1.5 mah and then filling the pipetie with the diluting fJuid up 1o the 101 mark. The pipclu;‘-w."ll;
shahen fur about a minute and a few drops of blood expelled. The hasmocytometer (vounin

chambei; used was the improved Neubauer type. The pipette was touched to the edge betweor

coverslip and the chamber and capillary action drew the diluted suspension of



19
covership and the chamber and capillary action drew (he diluted suspension ol ¢ells into the

Chiamber. | he hacmocviometer was then placed under the niuvroscope and the number of cells
cottitted ard wpuduplicd by o

For lcucouyies vount, Shaw's solution, developed ol counting avian leucooytes was found
iv e saiisfuvivny. This is because i fish blood, both ihe viytluovyivs and lvucovyivs are nuddvaiad
and a5 a resull, solution which would normally lyse human otlwocytes cannot lyse fish
sythiooytes (Thessor, 1060). Shaw's solution is made up of o Jiluting  fluids of ditferent
compoesittons, The vt diuting solution which was labelled solution A is a composition of Neutral
red S, sodwim chlond: (0 9om) and a 100 ml of distilled water The second diluting solution
was ibetled colunon B oand 1« made by combiping the tollowine: erysial violer (12 mg), sodium
arate (3% omy tormaldehvde (0 4 mb) and a 100 ml of distlled water. When leucocytes connts
were made. the red-celled dilunmge papette wath a 1:200 didutme factor was used. Blood was drawn
up o the U3 maik. sofution A was then added © Il the buld of the pperte hall tull and maxed.
e pipetic was then removed from solution A and nilled up 1o the 101 mark with solution BI. The
pipctie was sfighern d@ few diops eapelicd and Icuvocytes count done by filling the h,.lcmu;:ylomclcr

as desenibed for the envitlaocytes. The muitipheatbon facior used was 500 (Hcsser, 1960).

3.8.4 Absuluty \.HIUU?‘)

The absolute values include:

() Moan cell volume, NMCV (p")
(1) Mean corpuscular haemoglobin. MCH (ppig)

(111 Mean -;Qll haemoglobin concentration, NICHC (“s)
Al these were obtained from the results of RBC, WO haemoglobin and PCV using the

tormuiae onen i Dacie & T ewis (1972),
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3y Histopatholygy:

Ihe padls ancd liver ol the -.:S:poscd lish were slﬁdicd lor hustopathologveal changes by
compariny them with those of the coldrol fish. 'The organs in qucsﬁun were 1ixed i 10% neutral
bufTered {omalin for 24 hours. At the end of this period, they were remaved, washed and
dulivdiaicd  ustng  vanious sulutions of sthanol and  chlorolorn: (Alcolad: 70%,  absuluts;
JJdorefuon. 3.10 1.1 1.3 and iwo pottons of pure chloroform).  Infilisation and bloching was
Juite W paerailing was (59-60 °C m‘;..hing paint). 7 wm ware obisinud using o ivtatory nisrotome,

Stuning was with 188 T and studied under the microscope. Photomicrograph were taken.

310 Statistical Annlvsis:

Freept where otherwise indicated. the analysis of vamance (ANOVA) and the DUIC AN
VMubple P ange Tests were employod. Analysis was performed using a computer programme, PO -

RAS proovanimes, release 6 04 (SAS Institte Inc. Cary, HISA),
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41  Efflucnt Parameters

Results of the analvsis of the tannery offluents (Lawal of &f 1997)are presented in Table

4.1 below

Table 4:1 Results of chomical analysis of Tannery cffluents (compared with those of the

CHAPTER FOUR

RESUILTS

International Standards for discharge into streams) and those of FEPA

Paramneicr Ameount FEPA Intermational
Standard

Temperature (°C) 30 < 40 32-35

pIl 0.5 6-9 5-9

Electrical Conductvity (p1s/cm) - -

Suspended solids (ppm) 14,080 30 40

Dissolved solids (ppm) : 4,231 2000 7.500

Tatal Solids {ppm) ; 15,040 - -

Total ash (ppm) ' 19,271 - -

Total alkalinity 8.013 - -

J(ppm CaCQ,) 1,350 - -

Hardness (ppm CaC0),) 320 A0 -

Chlorides (ppm) 250 0.2 1 (ficc CLy)

Sulphrle(ppm) 280 500 -

Sulphutv {ppm) 1,036 - -

Total Nitrogen (ppm) 20.58 50 -

DBOD  (ppm) 6,150 200 20

Maegnesium (ppm) AR.20 201 -

r(‘,alcium {ppm) 82.60 -1 -

Zme  (ppm) 1.04 20 1

fron (ppm) 3,95 <1 1

(Chromium (ppm) 16.25 0.4 1

Arsemic (ppm) 0.5 <1 1

Cupper 0.15 1

Sodiim  (ppm) 1782 - i

Poutassiuim (pprm) 140
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4.2 Acnte Toxicity

421 Fish Behaviour and Symptoms of Tovicosis

Al the introduction ol the tish nto the cltluent tanks, Osh were noticed laving motioniess
on botom of the tanks after an initai fast swimming around the tank. No opercular movement
(il ventilation) was nobiced for a bricl period (hat lasted about three (3) minutes.  This was then
[ollowed by sudden darting to the swilace (o gulp air.

As time progressed. thore was agitated swimming.  This commenced cardicr in tanks of
higher concentrations (10%. 12% and 15%) In mede of swimming, the heads were kept above the
surface of the etfluent as much as possible. As fime progressed. there was air gulping (coughing)
nwisting, loss of equilibrium or balance as most of time, the fich were noticed swimming in circles
with the ventral surfaces timed vpwards Pamic - like bursts of swimming were alsa ohserved
During the penod ol quiescence. the hish were vernically sull with their mouths barely above the
surface and then fish finallv sunk 1o the bottom with no pronounced movements save for weak and
uregular opercular movement, and occasionally, shivering lins, In tanks ol higher elliuent
concentrations, peefing of the skin and swollen abdomens were observed before death, In death.
the mouths were usually gaped open,

Mucus was observed on the head region of dead fish mostly around the opercular, Al

these symptoms were absent in the control tanks and no fish mortality was recorded,

1.2.2 96-h l'.('ﬂn\'nlue:

The results of fish death and other parameters set out for the determination o the 96-h

It "50 value are shown in Table 4 2 below:



23

Tahle 4.2; 96-h Ics o indices for Cherias gurieprnus {(Juvendes) exposed to Tannery

cliucnt.

Dose Correspond § Mor, Ratio | 9 Mor. Probuts of | Expected Weiglht {w)

vV g ogly obser. Mor. { Frobits

\alye

(0 {0,000 'ty Q.00 - - -

5 0.699 0610 0.60 - 1.950 0.01187

¥ HRYIR 4110 404} 4. 7467 4. 300 0,58109)

10 1.000 610 0.0 52533 7 3.250 0.G8635

12 1.097 810 Kb 3.8416 . T4 0.3320

158 1.17¢ 1O 10 HUY . §.250 0.0145
Swo = 1.8259

W Q3032
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i hese results when plotted on a graph showing the proportion of fish kil i percentages
agdiist e porcentage concentraton of chalienge solution produced a4 sizmoid curve as shown in
Figure 1. Pacentage monality when nansformed into probiis and ploucd agamst the log - dose of
ihe clllucnt gave o lincar relationship as shown in Figwie 2. From Pigwie 2, the 96+h L('_&a
9

dutcrnued 55 9.5% viv wiih a 95% confidence limit rangs of 8.7943 - 10,2057 %0 v'v and a slope

function of 0.65



Fig. 1: Siguoid=dose rosponse curve for g iluted et luent



Prosit of mortalty

' 0.69 0,90 | 1,00 | 1,09
Log,, Dose Concentration
2 Probit of mortality versus log-dose of effluents

Fig.

<.
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4.2.3 Gl Venrilation_Frequency (V)

The dirst 24 o showed lower VIin the etliuent ¢xposed groups than the control group
which showed a retativelv constant Vi throughout the 96-h fest pcriéd N1 inereased on the second
day (48 lir) above the contiol vadues in all the effluent weaied lish and the magnitude of increase
wan i e wida of coneentration except in the 109 cfflucnl. In the 12% elflucal caposed fish, Vi
duntrased lrom 120 voptilations: minuie e the 70th e o 116 venudativnsaunute i the 96th hour.,
Thougl a6 swaidicand didlorene. {ﬁ S 0.05) was obseived Budvewen the diflerent «Hllucnt treated

il thore was a signifcant difference (P 0.03) between the teeated {ich and the control.

4200 Aewte (04 b Thaematology:

Hlasmatolaoical  paramerers were  ivestisated t'nr. fish only in the 109 efflnent
comeentraion This was o to the reacen that the nomber of fish [eft in 1?‘“-?; effloent
CORCERITANON Wils 100 smalil o supply enough blood tor-all the paramcters and 8Yo concentration
falls helow 1he Yo-h [.('.'.50 value (which was ¢stablished to be 9.5% wv). The 96-h (acute)
lacmatological parameters are shown i Table 4.3 and for the purpose ol comnpanson, those of the

wontrol and Daschne fishes are also given.



GiLL VENTILATION FREQUENCY
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[ able 4.3 Haematological parameters for acute (10%). control and baseline fish (. eartepinus:

Parameter Acute (1005) ! Control (095) Baseline
Haem r'u‘_!]nhm

(g 100mi) 5.3:G.05 7.7:0,70 0.7 0.3
RBC (mm'yy 10° Sh+4 3 | 281+ 51 KD 260+4 O8
WEHBC 'y 2 107 2.61i0.17 11.9:0.90 11.4810.63
PV or

Havinaiontit{®o) 6:2.49 23:20.05 20: 2.94
MOH ey 0,947:0.23 (.301 +0.057 0.258 +11.02
MCHC (99) 33.12:0.12 33.48:0.10 33.58:0.23
MON (u') 2.83-0.14 | 0.91670.043 0.76+0.04




k1))
tlaemoelobin were lound {0 have decreased though 1he decrease was more pronounced in RBC,

WO and hacmadocit, as one compates these values with those in the coniral and baseline fish,
AN and MNCH increased i ahie fish exposed 10 acute kevel i higher valugs were obiatned in dhe
10°%4 ciluent capused lish than those in the ¢oatrol and- bascline. C hatges in RBC and WBC

Values i pivoviied i figure 4 while those of the ITh, PCV and MCHC are preseated in Figure 3.

405 Metals Aecunsalation in T';i.r.h {9 h): - p

The 94 b aatal (U Cu, Pb, and Zn) uptahe by juvenilos of C. gumpiiiis is illustraied 40
figures 0 - <L The 26-h accumulation of metals in the various tish tiskucs is focked at on three
basis: the aswte (96-1), the baschne and the control,

Rosults showed metals concontranon to be in the order of acute ™ baseline > contrnl
though statishical anatvac cshowed no agnificant ditference (p >0 08). Results abso showed Iead to
be most ramdly diss‘eminafcd (among the tonr metals studied}im the fish tissues followed by
chromium.copper and zinc in that order.in terms of 96-h mdividual metal concentration in the
(ssues  chronyunt dstribution was found to be in the order ofiliver-gul-skan-gui=bone>
mwscles swholetish:  tor copper;  hver-=skin2gill>gut=bone. ‘muscles ~wholetish>. - For  lgad:
fivar skin gifls got bone muscles-wholefish and for any, fiver -gill-gui-shin-bone—muscics »
whotelish, Total metal bwden was m the order; liver-shin-gill--gut-bonc-musles>wholclish,
D;‘;ﬂ‘{T shuwad the lowds of the metals to be significantdy hughar o the Lver thaa in all the viher

soues {1 0.05).
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Fig 6A and 2: Showing Chromium and Copper accumulation in the tissues
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420 96-h Histophathology:

Results Lor the acute (Y6-h) toxicity test on the gills are presented on Plate 1

KEY TO PLATE 1
PLATE Lo s Galls of the control fish showing well preserved gl arclutecture with two gl

tdainents well spaced and famellac well aranged. Light miciogipah (x 00 H & ).

PLALL B Light miciograph of gill from fish hilled by 10% clilucnt concentiation. Nute the

wpnihehidig swollen at a point (OD) and fusion of lamellac (I'L) at the tips (» 45, 1T & E).

PLATE Lk Light micrograph of gill from fish Lilled by 15% ctfluent concentration. Note the
appearance of the third type of toxic action. detachment of the epithelial ining (DE) from the

inderivime core of piltar cells (xRS, H & F stain)
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PLATE 1* FFFECTS OF ACUTE (96-h) TANNERY EFFLI ENT CONC. ON CILLS OF
C. gariepiniuy
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431 Sublethal Toxieity:

4.3.1 Subicthal Hacmatology.

Figures 7a and b show the white biood celis (WU ) or leucocvies and the red blood ceils
(0 ) o ervilnocyies count of o garepinus eaposed 10 various concentrations ol annery
ciilucnt.

The WBC in the control fish, 4% and 6% cffluent treated lishes increascd steadily from

wieeh 2 10 weeh 8. Theiv was a duetvase of WBC in 2% offluent treated fish from 4.7 & 10° o

in week 2 to 097 5 10° mm’

in week 8. Statistical analysis (ANOVA) showed significant
ditterence within treatments and between treatments and weeks (P - 0.05). The DNRT (Ducan's
multiple range Test) showed the means of 6% eftfhient treated fish to be significantly higher than
thoke of the control and 2% treated fich, 4% and control (096) higher than 2% while thoce of 49,
and control are not significantly difterent.  [he means of week 8, 6 and 4 are not sionific ik
ditterent. However. week 8 mean 18 sicommficantly eher than week 2.( Appendix 4a)

Ihe RBC in the control tish increased trom 251 x 10° mm? in week 2 to 280 x 10" mm’ in

weekh 8. Lhere was also an ncrease m the RIBC mn 4%o cllluent exposed nish.  However. a

decrease m KI3C was observed i the 2*o and 6”o treamments.  Fhe decrease was more pronounced
in the highest concentration (6%) having decreased from 492 x 10° mm' in week 2 10 161 x 10°
mm' o oweek B Statstical analysis however showed no signilicant difference botween ih
treatmonts amd bobween treatments and wucks (P 0.05). DMRT showed no signili
differcnces (vanations) between the means of the concentrations and between the means of ..
weeks (Appendix 1b).

The haematocrit (PCV) values increased in the (0%, 2% and 49 exposures or trea

thronghout the duranon of exposure.  In the 620 however, there was an increase from J00
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value m week 2 (0 42% m week 4 and then. a stabibsation back 0 40% mn week 6 which was
numntaned up o wrmmanon peniod (week 8). The 0¥e ucatment Lish hacmatocnis were
statisticadis Tugher (7 0.03) than the other ncaiment, Iindu.'u'ng that the changes were duse
dependent.  DPNIRT showed the means of all the clilucnt concenuauons to be statistically
wsgnidivant but all bowg sigoadicantly higher than that of the conuol. Likewise, the means of
wooks 8. 6 and 4 were not signiticantly ditferent from cach vihicr but all are significantly higher
than that of weok 2. Figure 8a shows the changes in hacmaiocnit valuss.

Hacmoglobmn (11b) on the whole increased in all the exposurcs. There was however, a
shoht decreace i the 6% ctfluent expoged fish as TTh values trom 142 100m1 in week 4 deceased
0 13 Yo 106m] m week 6 Stanstically, there was a signilicant ditference between the Hb of the
controf tish and the exposed tish (1~ 005y Changes i Hb values are shown in tigure 8b.

o the absolute values'. mean cell hacmoglobin concentration (MOCHC) was more or less
mamtamed  yogchour the penod ol exposure as shown i Fable 4.4, Stansbcal analysis
(ANON A DALRDY showed no sighicant duierence both witlun and  beiween  ireatments

(concentrations ) and weehs (P~ 0.03). 8
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Table 4.4 MCHC valies (%) of juveniles of . garepinus exposed to various sublethal
conventrations ol tannery cfiluents for 8 wecks (mean £ 5.E.\L)

Ftfluent Cone. % Duration of Exposure (Weeks)

vy

. B S - B 6 8
0 33.38:0.40 30.36:0.90 33.66-0.45 33.44:0.84 |
2 33.33+0.22 30L00+0.36 33.16-0.76 33.33:0.66

1 33.3410.56 32.33:0.72 233.00-1.02 33.5010.36

6 33.251).27 33.33+0.34 32,20+0.03 32.20+0.84
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Analvsis of variance showed that there exist a significant difference (P < 0,05) between the

MCHC of 6% fish and those of the rest exposures, IDMRT for concentrations showed the means
of 4%, 2% and 0.% fish to be significanily higher than those of 6% weated fish. In wrms of
weehs, thore was no significant difforence.

The M.C.H. results are presented in Tablo 4.6 and showed a decrease though not a significant one
(P > 0.05) i only one of the treatments, 49 and an increase in treatment 0%, 2% and 6% (not

significant) DMRT produced on significant difference between the means.

4.3.2 Metal Accumulatinn:

Fish were exposed to three lovols of effluent concentrations thoso were 2%, 4% and 6% in

addition to the control.

Al 2% EMuent Concentration:

Resulls show pb to be more accumulated in fish tissues, followed by clwomivin, copper
and then zinc in that order. In torins of tissue enrichment of individual metals, Cr is soen to be
distributed in the order; liver gut = skin > bone ™ muscle > wholefish. Statistical analysis showed
the accumulation in the liver to be highly significant ( P -~ 0.05) compared with that of other
tissues and that there was a significant difference(P < 0.05) hetween weekly accumulation with the
distribution occurring in the order of week 8 > 62> 4> 2. Incidently, a similar pattern was ohserved

for all the nther metals.



Table 4 5 Mean cell volume (1) of juveniles of (7 garepinus exposed to tannery efflnents for 8

weeks (Mean 2 S.END.

VA
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Dur:nic:;n_nl‘ Lxposure (\l’eeké)

(V]
e

L

—
—

O A=

0.916:0.14
L1001
1.66710.37
U.813+0.21

1.069 620
1.306+0.21
1.583:0.46
0.131+0.06

1.115:0.42
1.418+0.33
1.563 +0.43
1.136+0,23

1.143 :0.30
1.579+0.45
1.497 . 0.25
0,248 -0.02

‘Sl.nlialimlly lower (I

0.05) than other tivatiments.




Table 4 6 NMean cell baemoglobin (51 o) values for uveniles of 7 garepinus exposed 1o tannery

43

ciitucnt for 8 weehs (Mean 2 5.,

.l‘.lllucni _(.‘um. 2,
V'V

Duraiion vl Faposure (\\'c:;ks)

2 4
0 0.307+0,14 0.324 +0.06 0.346+0,02 0.382+0.03
2 0.370+:0.12 0.3920.08 0.470:0.05 0.526:0.10
4 0. 534003 u.317+0.u6 U3L7+0.13 U430 L0
A 0.270+0 058 0.412+0H4 0.473+0.06 0.870+0 18
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Individual tissues enrichment by vanous metals 1s shown lor copper (o be in (he order ol

fiver — gur - skin - pill - muscle - bone - wholetish, For fead, s liver - put ol - skin  bong
muscic - wholcfish and for znc., it is liver - skin - gut - gill -~ bone - muscic whoiciish.

Results ior these arc illustrated on figures 9a - d.

At 4% EMucnt concentration:

The concentration pattern exhibited at this level of exposure is similar to that obtained in
the 20, 2ffluent concentration with Ph accumulation - ¢r - cu ~ zn, For metals enrichment of fich
ticcues, etatistical analveis showad the liver to contain higher amounts than all the other tisenes
(P < 0.05) and this wae found to he true for ail the metale etidied here. Chrominm uptale by
tisenes was in the orders Twver - Gill = Gt - Shin - Bone - Museles - whaolefish - Copper was in
the order: Tiver > Cill > Skin - Gat > Bone - wholetish = muscles, Tor lead: hver - Call - Skhin
Giut - Bone -~ wholefish -~ Nuscles and for Zine. the order liver - Gall - Bone - Skin - Gl
Muscles -~ wholelish was found. DNRT showed a signilicant didlerence between weeklv
accumuiatons with week 8 having the highest enrichment levels and distributed i the order of 8

6 4 20 These results are presented n figures 10a - d.

AL 6% efMuent concentration:
At higher cffluent concentiation of 6%, total tissues metal burden incrvased. Total bunden
increased in the pattern of Ph -+ Cr > Cu - Zn with regards to metal clement. Higheot lesels of
distribution are attained here indicating inereased uptake by tiscucs at clevated levels of
emvironmental concentration. Individual metal enrichment of the ticenes chowed the lver having

sionificantly (P« 0.0%) higher levels of accumulation than other tissnes for afl the metals
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Steralicant dillerences are also observed mn terms of weeks with the haghest levels attamed mn week

5i8 -0 4 - 2) Crennchment of the ussues foliowed the order; iver -~ il -~ Gur -~ Skin
Bone  Muscle - Whiletish, Cuowas of the order: Tiver - Gill = Cuat - SKin -~ Bone - Muscle
wholclishi, For lead. Liver ¢l - Cut - Shin - Bong -~ Muscle -wholelish and for Zn ; Liva

Gt Cut Bone Shin o Musules  wholelish, (See HBDI va 1la - \1)

Total mctal (Cr, Cu, ’b and Zn) Burden:

Freure 12 shows the total amount of cach metal (Cr, Cu, Pb and Zn) accumulated by
vanons fish pesues and the intormation s also dustrated on fioure 12 The metals are accumulated
n the order of Ph > Cr > Cu - Zn with Pb and Cr levels of accumulation significantly higher
(P 008y Mhan Co and An Metals ennchment of fich fissnes also increased with time with the
amount accumulated m weeks 2 < 4 < 6 < 8. Stanstical analvsis showed siomificant difference
(1 0.05) between weeks accumulation. NMetal burden of all levels of tannerv effluent exposure
ate sierulicantty hugher than those ol the control (P - 0.05),

{he conirol data is presenied i [able 4. 10 and shows accumuidation in ail the tssues and

whoiciish 1o decrease with tme, That is, accumulation levels in week 2 -4 - o0 ~ 8,
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Tahle 4:7 Showing metals (Cr. Cu, Ph & Zn): Distribittion in tissnes of juveniles Clarias
gurtepimns sxpused o AU Dechionnated war (control) Mean cone. In mg/g wet weigin 1

Sk
N Lab BUDY LbsUE DuKATION Ul BEAPOSURLE (WELKS)
2 4 6 R
CIRO- | UIVER TR Y6101 1 2240 6 F10240.73
MITUNT GILL 2.240:0.84 1.141:0.52 1.76910.34 1.004:0.12
GUIT 0406014 | 0.316+0.21 0.116+0.03 | 0.095+0.02
SHIN 0.594:0.1 0.451:0.23 0,.326:0.1'4  10.103:0.03
3¢ INI- 0..402 1.7 G439 10,002 0.432:10.025 | 0.42010.06
MUSCLLE N13500.03 100671001 G060 0.004 | 0,050 0,001
WHOLEFISH | 0,300+, QO91-0.003  J.0604+0.002  [0.032+0.012
CubP-L  LIVEK 282707 [.33610.3 V.udsu.0l 0. U300, Jou-
R 1R 0.0558:¢0.25 (L 387+0.06 - -
GUT 0.362+0.03 9.177+0.02 (0, 063+0.002 -
SKIN (331 +0 01 0.211+0.404 - -
TONT: 0.225+0.01 0.183:0.05 - -
MUISCLE - - - -
wHorErs L eazo, - : - ,
taab | LvER AL LG | 30050152 Tane2iol2s l2eodier
L. 2.510+1.02 1.553 70,13 1002 0,03 0.365+0.3u i
G 3.68110.45 0.037:0.21 0,840 (0,28 0.641:0,30 |
Shin U.B73+.30 30400004 E T LR U SN RV TR ERY S |
BONE 0.972-0.82 | N.510+0.12 071017 lo3R2i01y |
MUSCLE U8 SRR CRYR DUY3I U2 QUGS U0 - i
WHOT FFISHT 0 30008 LA INN006 T OA-0.002 | DORIH0 006
7N IVER Podad-000 1o 3400 10 (4 290-0 (1 (. 25000 06
Gl O30 G 025R .07 (.25150.013 1 0.230:0.02
alr 01400003 (.139:0.08 {.0%0 (.02 0.07%10.01
SEIN 0.098 -0.03  [0.1°26+0.03 ] €.107:0.0.01 | 0.066+0.03
ONT U.193+0.015 [0.113+0,02 4.109+0.03 0.105+0.03
MUSCLE 0,008 :0.004 [ 0,016:0.002 0.023:10.003 (.020 0,004
WHOLEFISH 1 0.036+0.007 | 0,028+0.006 | 0.027-0.002 | 0.009+0.001
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4.3.5  Sublethal | hstopathology:
[ he sublethal hastopathological results are presented on Plates I and L

KEY TO PLATE 11
PLATE Ha.
Fivht nnarortaph of controb fish gith « 350, 11 & F ostaine Noie thie regulary spaced gill

;inu}}.iu .md will .ul_;.nu.l -u..\.uud!:\ Lanudlag.

PLATL ib:
Light microgrpah of gill of fish exposed to 1% tannery etfluent for four (1) weeks, Note

the choht cpithelial swellings (FS) blocking the epithelial space ar a point x450 H & F stain.

CEATE He:
[wht microoraph of oill of fish exposed to eftluent of 6% concentranon jevel, (X 100, H &

L. stan ). Nole the conspicious ocdema (OD) and hyperplasia (F1.) of the gill lamellae,

PLATE IId.
Samic as plate e above but al a higher magnification (x 450). Note the destruction of the
seeotndany Tanudlae at the ips (D7) and also sloughed of calular debins in the undalying pillar cells

{PCY.
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PLATE ik TONG TERM EFFECTS OF TANNERY EFFLU F o1 ON THE GILLS OF €
PUrIempny
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KEY TOPLATE 111
PLATE 1)
Light micrégraph of Ivier of fish exposed to 0% efffuent (dechlorinated  ABU
C'OHnuiy wiiicr).
() x 45, H & F stain. Obscrve thc. liver platcs ihat ana:;tunl;)sc ficely and note alyo the limited

sprave vocupicd By e stiusonds | ’

(k) camg as (2) above but ar x300, 1T & . Note that the postal arca is not shown.
(¢) Tiver of tish exposed to 2% tannery effluent for 2 wecks - (x 45, H & F stain). Note the

appearanee of darl particdes indicating neocroticfNE)  damage in the liver,

() Liver of fish exposed to 6% eifluent concentration for 4 weeks Showing_ typical globular bodies

sureunded by open spaces (X 250, H & E stain).

_ » _
(¢) Liver of 6% cifluent exposed for 8 weeks x 300, H & E stainNote necrotc damage with

vedematous hepaiocyics.
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PLATE HI: LONG TERM EFFECT OF TANNERY BFFLUENT ON THE LIVER OF (.

e IePIny
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+.3.4 Ovarian Development:

Figure 13 shows chagne in weight (wet -weight) o the ovaries of fish exposed Lo tonnary
clifucint at o%eo concenwration and those of the control lish.  There was retardation in the ovanan
weighus of effluent exposed fish as compared with those of the control fish, though nﬁ significani
dilferoncl ( - 0.05) was recorded. Thstological .-s.ludics shuwed muore maiuring and mature ovay ics

n ihe conlrol Han in the effluent fish a3 shoswn u Plade TV,

OVARIAN PLATES
Plate TV a - ¢ show the varous stages of ovarian development in fishes exposed to 6%
tannery 2tHuent and those expesed to ABU dechlormated community tap water.  Stages of
negenesis are idenithied on the basie of nuclzar and cytoplasmic characrerisrics. The vaninus stapes
are:
STAGET S
Iimatare (pre viteBogenic) Primary oacvics. Note that cocvies in this stage are non-vaiky.
' i
S TAGE IE “
Matunng ( Vilcllogesic) oocytes.
.

STAGE HOi:

Muture vogcytes. Tlie yuik heare 1s fully [ormed.
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KEY TO PLATEI v

PART IV a

Lighi microgipah of T.8 of uvaries from a bwsc’lin'c fish (x40, H & E stain afier fixing i
Buwin'’s fluid), Noie the sven disinbuton of vuvcyics.
PLATL Y b

Light nucrograph of T.S of fish oocytes exposed 1o 0% cittucnt voncelrationie ABU
;!-.:ui‘.!m'm;::‘d water at 6 weeks (v 150 T & B ostain). Note the large number of maﬁm: and
maucing .ODC.\'TL?S.
PLATE Ve
[ 1ohy micrn-g,r;mh ot the nnc}}lcs (T S) of 6% cftluent exposcd fish at 4 weeks (‘x‘%ﬁﬂ, H & F)Note

that most nocvies are in the stage [T wah small volk..

PLATE IV d:
Light meirograph showing die T.5 of 6% effluent wreasted fishat 6 weeks (x 430, H |

& T suaing. Note the few mature oouyires, dominaied by matwing or sluge 1T cocytes.
»
4

PLATL IV«
6% offlucnt treated fish ococytes (T.5) at 8 weeks (x350, 1 & E stain) There are more

-

stage T¥ oocytes at this duration of exposure. There is an incidvnce of atresia (AT).
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PLATE IV : LONG TERN BFFECT OF TANNERY EFFILUENT ON 1THE OVARIES OF .

RUFHePINUS
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EFFLUENT EXPOSED FISH (BARS INDICATE 5.FE. OF MEAN)



3,45 Growih:
Growth results are presented m Figure 14 and lable 4.8, Weight merease was observed in
(he control ishand m 1%o and 2% etliuent reated nish, through the mercase Was statistically taoder

(7 005 In v¥e and 1% than in 2% In thie 4% and 0”0 exposed fish, there was a slight weizin

zain i weeh 2 and then, a bend of vonimous devicase throughout the semainging exposuie period

&

w 0" ciflucid Ll and a shight tevovay o week 8 (iom - 336% w =3.51%) w 4% o{flucni
Ty

S LI J tiahi. :;Iihj\-";thi& the ivsults to DNIAT shiowned the siivans of nh.ul]ll'u'.iiiull-‘i 0% and 1% tu

he sipnbicantly hgher than tha other expesures (2% 10, and 6%4a)
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Tahle 18 Averaoe wetswerrht changes i control and exposed fish (warth S F FAT)
ote. Porventagze commulatve fipuies are m paicnihicss.
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CHAPTER FIVE

5.0 DISCTUSSION

S Tunnery Elfluent Pacameters

Fxcept tor femperature . winch was below the acceptable standard levels, the rest of  the
other paramcters were found o be Jugher than the standard acceptable levels. It s theretore
cvident fromy the resulls  (hat the discharge of these cllluent v causing a Lar degree ol
cinvionmwntal pollution. 1hese findings agree with those of Lawal and Singh, (1981) and 1.awai

el 1 1990),

LN
ta

Fish Behaviour and Svinploms of Tovicosis,

The beliaviour desciibed for acutedy tannery offluent witosicated fish indicate toaie Lo,
of the offluents on the contral norvous svstem (ONS). The primary acute actions of the offluent
could by that one, few or several toxicants from the effluent accumulated internally and impaired
cerehral oxvidative energy metabohsm and resulied i depletion of high encrov phosphate
compounds in the bran. as was proposed by Smart (1978) for ammoenia intoxication to Solma
garadnery. One could therefore understand the increase in gill venulation frequently. Vf (explained
later)

Phe acconmubanon of mincus on the bodies and the gills of dead and moribund 1ish was also
found by Annune. ez o (1994) when the amthors exposed 1 coarmepmus (o cadminm. Ghem o1

S (19497 tound mucus on the 91”\ and bodves of ) prlatiens c\;pnawd to acute levels ol tannery

cHluent  Simdar observanions have heen made when fishes were exposed 1o heavy metals (1 ewis
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1978, Ebele. er al. 1990, Annune, er @f 1991).  Tannery effluent contam both ammoma and

heavy metals (1 awal and Singh. 1981, T.awal. er uf: 1996).

e most iikelv explanation tor the accumulation of mucus on the gills and bodies ol the
acuteiy exposed fish could be due 1o mcrcasad acivaiy ol mucus cells subsequent 1o exposure
which could have resulicd in the production oi mucus over the body.,  The precipitation of
mucoprotein on the gill filsments could have impaired respuation and osmorcgulation and hence
resuliant death.  Sunilar findines were made by Westhall, (1945). Shidmore (1970}, Wong, ef o,
(19775 Aomunc, o @l (1991, 1994) and viban e od, (1997)0 The dimuption of vamoregulation
could have seaultvd also from ihe distuption of the gill wehiteciure (as shown in plates 1 and 1)
and hones destruction of the csmoregulatory function of the gills.

The swoellen abdomens in dead fish suggests that the tosicity of tannery offluent is not
restricted only to the external ergans (gills and skin). Wong, or 2/ (1977) could not find structural
damages in the gills of Cvprinny corpie exposed to Zine sulphate despite death of the exposed
fich, Further investigation revealed structural damages to the liver {an internal organ). Th.
swallen ahdomen conld he as 3 result of necrone damage o the gut.

Oladimey and Offem (1980) found pecling of shin in " Limero exposed 1o lead. The
present stdy also found pechmg of skin - Progressive acidificanion of the medinm (as indicated by
d Ll i pl Dy could have resulicd mio more toxicy as the metal free wons are released trom ther
binding sies into the medium and hence more foxic effects on the shin which is indirect contact

wilth the waler.
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5.3 Gill Ventilation Fregnency, VT

Observation on gill ventilation trequency, V1L also referred (o as opercular ventilation are
reported (o be a sirong ndicator o stress when [ishes ar i an unlavorable environment . Smart
1978) and Knoph {1996} noted that i the Adantic Salmon exposed o ammonia, V1 increased
with e up to 7% of swvival fime. and dearcased again as time {or death was approached. A
stnlar dectcase i VD was obseived in the 12% ffluent vaposed fish from 126 sentilation pe
minute at 76-h to 116 ventilation per minute at 26-h.
Plasma vatecholamaines were found to stimulate gill ventilation in teleosts {Aota. o7 W/,
1990, MNeKenzic. of o/ 1991). And their lowels were inervased in toleosts during short termn
ammonia cxpostie (Joney, o7 @B 1992) Thus, incrvased VL in exposed fish could be due to
increased plasma catecholamine levels but it could oqually be a more direct effect of tannery
etfluent. Plasma ammoema lovel was described 1o increase with the water ammomia a2 tor
several telensts (Wilkon and Taviar, 1097 Knoph and Olcen. 1004) and Wicheer and K a7m
1070 had proposed ammaoma fo be a cenral respuratary iimulant i mammals Smant (1978)
snggested that vennlation stimulations i hish (tront ) exposed to ammonia was as a resulr of
disturbances in cellular metabolism resulting i an increased osveen demand by tissucs. Keoum
(1987) later tound a depressed oxadative metabolism at the Jevel of the mutochondna, Fannery
ciifuents vontam hieh levels of ammona and ammoma could actually increase i convenirabon m
the experimental tanks duc w rapid cxcrction as a wesulbt of wadcant cticets,
The tovicity of anpnoma solutions s due (0 (he un-ionized ammonia moiceules and hat
this utivtuand propottion of anunonia increased with a pise in pll value, Ployd and Hebert (1960)
however. showed that the tosicity of ammonium salts is dependent. not on the pll valuc of il

bull, sclution, but on that of the water around the gil! surface. A= the oxveen concentration of the
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test waier 15 reduced, carbondioxide excreted at the el surlace 15 also reduced and ths Teads (o pl

merease around the gill surtaces resulung into an apparent merease in the oxicine of ammonia,
This incrcase in woaicity will become greaner as O, inthic bulh solution is reduced.  1The wxiciy is
further invrcased in waters of reduced 0, concentiation due to the reduction in the concentration of
eacreted CO, at the gill surface.

At plI below 8.5, a significant proportion of sulphide compound is converted fo 115
Apart from its known offects on aquatic hfe and humans (Mckee and Wolfl, 1962, SLTC. 1065,
Pepper. 1966 and Sharphouse, 1984), H,€ a foul smelling gas and highly reducing in nature is
known ta deplete oxvoen content in watere where ot i€ fonind. The oheerved effecte theretare
comld have reanlted fram the divect actions of ammonia and ar m combimation with ather tovicante
present such as sulphide  phenols, heavy metals ete Heavy metals have been mpheated i
respiratory disturbances due to therr attack on the cviochrome svstem (Blair, e /- 197%)

Althoueh the toxic actions of ammonia. heavw metals and other toxicant are probably not
the same, a common ellect on thew sty exst and this results from (he reduction m the
concentation of dissohved oxveen,  According o Llovd (1vol). this suggests a phvsiological
reaction by the fish o such a Change of the covmomment and i s mdependent ol the name ol i
poison or toaivant. The most obvious rcaction of fishics exposed to cnvitonments of fow dissolved
oavgen s the incrvase in the volume of water passed over ithe @lls. This therddore murvases ihe
amount of the toxicant reaching the gill cpithcliuma, the site at which most toxicant aiv absorbod,

Increascd V' could also be connccted or linked to the disturbances in the gill function as
the tish struggles to offset the damage. Ceonerally. VE were lower in the effluent exposed fish than
the contral Hish at 21 hr It was oheerved that when tich were bralv imtraduced in the etinanm

tanks. the tish closed their mouths and occasionaily darted up to fake oxvpen at the sirface  Ting
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ot an wvordance behaviour,  The decrcased Vi with coneentration m the birst 24

and its subscauent increase in the next 24 hr (at 48 hr) agrees with the tindings of Babatunde

V9 Ty when she exposed L nrioncrs 10 paraguoat,

3.4 TTaematology:

In the acute test (90-h), the Hb, EBC, WBC, PCY (hacmatocrit) were decrcased
significantly (" 0.05) compaied with ihe contiol and bascline, MOV and MOTT were incicased
(I"  0.05) whercas MOTIC thowed po sipmficant chanees (1Y 0.05) In the sublothal (8 wedhs
test) WO, haematocrit and hacmoglobin incicased above the contral values while RO and Mol
were decraased.  MCHC and MCH showed no signiticant changes (DART). The changes in the
suhlethal test were hoth dace (concentration) and time dependent

Vel eav (1973 exposed fich 1o poip mall etfinent and oheerved a cambicant decregs: in
REC and hacmatocnt  Fhese eflects were attributed o the possibafity: of ervihrocvte prodig non
inhubition and also an increase n the rate of ervthrocvie destruchion or hacmodilution.  Pulp pall
etfluent contam several toxicants includine heavy metals (Nartel e af 1994y Heavy matals like
arsenic,  have been mmplicated m blood hacmolvsis and disturbed ervihroovle production m
humans due 1o its eftects on the bone marrow thovle and Pease. 19031 Arsenic 1s a maior polivtant
o tannery cttluent () awal of wf 1986) Wadeniever and Yasatahe (1977) susoestcd tha
hacmodifution vould be responsibic for the decrease in thiese parameiers because of disturbaniees o
osmoregulabion,

Considerable devrvase in Hb , RBC could have disectdy affected the iespiation { boilak

and volunic causing Joath in the 26-h test. oy mctals are known to atfect the cvtochneine
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svatem (Bl er @ 1975), When thev attack divectiv, resparation 18 completely inhibited. and when

the altack 15 on the side chains, the resprration s greatly reduced lnally lcading to death
(Blar ¢f ai; 1973).

Panierain and Misra (1978) found idsc, (b and O\ of fish exposed 10 mercury 1o be
depressed and this depression was dose and tme dependent Banerice and lamiart (1988 jound
the wotal crytloocy e count (TEC), POV and hasmogiobin of Adnabus scandens exposed w0 Zuct,,
CACL, and HigCl, 1o be devreased signifivantly whereas ESR, MOV and MO increased in Hedl,
and CdCl,.

NMosad 19935 caposmg 7 wertepianes o osalate {malachite grven obscivad reducad RBC,
POV and 1Ib. T also obsonved destruction of the aill architecture by the chemical and honee
disruption of osmorcgulation. The deercase in these parameters were suggested to have been
caused by the etlect of the chemical on membrane ATPase. the glveolytic 2nmvme precent in
ervihrocyvte hence the resnltant heamodilution

sombarthoarech and Tan (1977 tond - markedd docrence i RIUCT aed . VT an
Hotorapnonctos toverlor evnosed ta heptachior and they regected the heamadilution factar ac o
possible canse due 1o the nccnrrence of hvperchor anerma ai the dR-hr and 96-hr pennds of the
test  Acceording to them. hioad dyscrasia was more likely the explanation for these chanoes and
could have been mduced by the chemical micrienine with hacmopoicsis and or alicration of cell
membrane by hvdrolysis of the acetvicholme m the body Huds.

in the fone 1wrm study however. there was an increase in Wit and a decrease m 1se
espevially in the highest fevel of eaposure (0%0) and ivmodilution couid not be implicated gy a

facior. Tib and hagmatocrits (PCV) were also significantly increased over the control values in the
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(1969) determimed fhat chanees 1 haematocrits of brook trout. Salvalimus fountmalis m relation 1o

acclimation emperatune could be explamed by changes i blood cell volume, MOV, bt tus was
over an entended penod of i, I the present siudy, there were siembicant chanves (17 0.0%) i
MUN vadues. Jnovio changes could occur 11 1the blood was placed inmally in acrobic or anacrobic
condition.An aciobic cnvironment could canse g dechine of grcaer than Tote of e oneinal
hacmaticrit where an hypoxic condition could cause an increase of 10-30%,

I this study. the hacmatoonit decrvased by 30% as compared o the contiol and by 20% g
compaivd to the baschine i the 26-h study. Sinee oxveen conditions in the contro! and bascling
weore relatively better (hichor 12.0) than those of the test and no aill damages in both control and
haseline (to have mmpmred oxygen  uptahe thereby causing an hypoxic condition). the
haemaodilution factor and chanoes in MOV conld be advanced as the twa major factore in
nfluence.

In the sublethal experiments. the average haematocit values increased over the contral
snahy values fo the e of between 5% and 35% Casillas and Smith (1977) lound o ranee

of between 10% and 30%0 int inchariveius mvkiss tlormerly Safmo gairdnerny, [t woukd therelore
appear plausible thal in addition (o hacmoconcentration, a shightlv hyvpoxic environment was

created i virre by muscular excertion duning stress and hence mcreased demand 1or oxveen,
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sublethal test.  Dhallon and Crupta (1983) exposed the Treshwater teleost,  furtas hatrachis 1o

aldrin (an organochlotine pesticide ) and swascolin CP=38 (anomie detereent) and lound W
Hb, PON and envihroovie scdimentation rale (ESK) values 1o have moereased with merease n dose
and e of exposure, They atwibuted the murcase in Db and the haematocin in experimental tish
to ihe cataly zing achon of the chemicals which resulied i the mvorporation of ihe body ron siore
w the 1, TTowever, Pangrain and MMista (1978) found the RBC and T ol tiados scamdions
caposed o T to be depressed. Al-Aked vr wll (1988) exposed O, mifoncws 1o Cd and found a
depletion in T waih mercasing vonceniration and Ginw.

Gl” .lll\l I‘dld !'I')g] ] l..\pu:)ul l}u. f.L}I-U-‘ll. :"mn’uf.\ (,:INL-J"!:.'HNI‘.'t fu dieivu s I‘ul o *ruind uf 8
wooks and found an initial incipient decreass in RO with subsequent recovery. .\ siilar situation
was observed in one of the treatments (Lo 1% The  incipient  decrcase could be wcribel! o
haemelyais and the subsequent recovery to arvthropotests. Ervthropoiesis is tnggered as a typical
strees prepense. Nost poflitante damace the odle and hence 3 Gl in avvaen capacity of the hland
which 1s parthe oftset by hheraton of ervthrocvies in the general cirendation i Cnll and Pant 10%1)

For WHE or fencocvtes except in 2o etfluent exposed fish (where there was a contmnons
decrcase with ime) showad a contimuons mcrease i all other treatments. TEwas inferesinge to pofe
here that, m the 2% ctfluent exposcd Lishi. both the W BC and 121307 showed a continuous dectvase,
the hacemodiluton tactor could be advanced toc tus changes e thus exposuare evel thoueh
dvserasia, as reporied by Zambariborsch and Biue 197 7) could ¢aualiy have been responsibic,

Rosults have shown ihat tannery effiucnt may not bave a significant effect on NETIC as
showie by i sigmificant (1" 0.05) Changes i the values, boile in 26-h and sublcibial stodics A
increase in the hacmatocirt {(PCY) values in the subluthal could be oxplained s

hacmoconcentration since significant changes ocsuried in ervthirceyte sount. luston and DoWilde



5.5 Aletal Accumulation:

Actal accumulation was found 1o be higher in the exposed lish than both control and
bascline fish mn the 90<h study.  Chromium. copper and lead were lound to be signiticantly tugher
(P 0.03) than zine with the accumulation in the order of Pb - Cr - Cu  Zn. For ail these
mclals the liver. pill. put and the shin were scen o have concentration values  hirher than the
remaining lissues, though ihe highest values oceurred in the liver.

Similar pattcns woere obtained in the sublcthal oxposures.  Ilore, the laacls of mctal
accumutated in the tissues and wholefich wore directlv related to concentration (dose} and duranon
(tme) of exposure and for all the exposures. lead was more accumulated than the other metals
Metals nptabe ccems duecth related 1o concentration i effhuent Thie agrees with the findines
Haodeon. of of (107R). Ottem (1983) Oladimey and Olaounmeta (1087) Oladimen and (1Fm
(19%9)  These anmthonrs exposed vapons Hishes 1o Phoand fonnd concentraton in bssnes 10 he
Yoot related to concentrations in water.  Radhakrishnainah (1988 tound the  accomubation of
copper in the oreans ol 7 ndonens 1o he dose and me dependent Annune and Tvansvnra 11993
exposed (2 mrlotiens and ¢ gorteprans to 2me and Cadmm and observed tssue accumulation in
both tishes 10 he dose and nme dependent. Rervendoe. er af: (19RS) reported tushest amonunts of
Fen 11 = sich hvers. Nemesok, o7 of (1987) also reported high amonnis of /nom hsh ner
Annune and Ivamwura (1993) also reported the ivers of (7 nrdoncus and 7 varteprs 10 have
accumulated Zn and Cd more than the ofther hissues,  Once a ometal 18 taken up hrom the
environmient, the orgamsm must ¢ither chnunate tf through excreion or sequesier 1t 1o prevent
loxic condition (B3rvan. 19795 An casy away 1o aclieve thus 1s by precipitating the meial 1onn an

insoluble form since it is the free metal fon which is most toxic (Simkiss, 1977). Fishes are known
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lo possess the metal binding protein, metaliothionein (Friberg, ef af. 1971) which is a sequesting
agent,  ‘Ihe deloxication ol these metals in lish liver mav be by scquestration rather than
elimination (Giesy and Wiener, 1977, Phillips and Rainbow, 1989). ‘'Lhe high lovels of metals in
the liver of C. garteptnns may actually be an indication of the storage of sequestered producis in it

. garrepmus also accumulated high amoums of metals in the gills, agreeing with the
studies of Drooks and Rumsey (1974), Nemcsok, et af (1987) and Annune and Ivaniwura (1993)
who studied the bivaccumutation of trace metais in several fish species including . gan'epmm:..
Zine accumutated in dog fish gills (Crepso, er af; 1979, 1981} and imemnal organs (Ilos, er o,
1979) inducing a depressive effect on tissue respiration consistent with a general oxygen deficiency
in the whole fish leading 1o possible death by hypoxia (Durion, ¢ af; 1972). The clovated levels of
Zn in e gills could be telated to the active updke of metals by gillg being i direst contact with
the toxicant whicl: adliercs to the gill surfaces, and also,the gitk being an vsmorcgulatory organ,
Liaving chloride cells, may store zine for exeretion (Bryan, 1976G; Crepso, ef ud; 1981). The active
lrmllspmt of %*Zn inlo the gills supporis the excretory role of the gills (Renald, ef wl; 1987). The

accumulation of these motals in the gills as shown in the prosent study could therefore be atiributed

»

to the above factors.

Exposure of {ish to elevated concentrations of heavy metals induces the synthesis of
metallothioneing (Noel - Lambot, ¢r of, 1978). These bind and detoxify the metal ion (I ofima and
Kagi, 1978). The fishes ahility however, to synthesis these profeins are finite (Borwn and Parsons,
1978). If the fmits of the metabolic capabilities tor excretion and toxicant hinding are exceeded,
toxic effects will result, unless the tish has an alternate way of detexitication. In tishes with scales,

stich alternate detoxification process mav be caleification as sueggesied bv Simkiss (1977). Sauer
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and Watabe (1984), ¢ vartepinus however, 1s a scaleless hish. 1 he absence of scales could be a
maror reason for lower susceptibility (o toxicant between it {07 curiepmus) and  other
scale-possessing fishes ke ¢4, niloticns.

LTus s supported by the findings ol Oladimen and Otlem (1989) and Annune. o al
(1994), The lormer authors exposing . fuoera and . pfoticus 1 PO tound both the 48 = i and
90-N LU g values 1or ¢4 nioncus 1o be Weher than those tor €7 fuzera. Annune, el wi. (1994)
comparcd the susceptibihiies of uvenles o1 O cariepimues and L mfoticns 10 cadimum and fonnd
C. Quriepimus 10 be more susceplibie with lower 1O, values,  {hev attinbuted the didferences
susceptibihlics o miceumental vanaton mn these (wo species. ¢, vartepimns lacks scales henee the
body s m direct contact with the toxicant Whereas ¢ adoticns have evclond scales. Gibem ¢t gl
(1997) tound the Yo-h LU, tor O, mioncns 1o be 15%0 as compared 1o the 2.5% v v obtamed Tor
C. grepmmus i ths present study,  The scales therelore heip i detoxaficanon by acling as toxicant
sinks.  1he uptake of metals by the scaies has been shown by sauer and Watabe (1954) 10 be an
ACHIVE PLOUCSS.

The pameatnlity of vanious spovies of fish o woncant such us boavy mais i of
cotsiduiable aportance i Jotonmming the oleranee to mntals (Cornes and Raedo, 1975 Bivan
1976y, Thare is also a pussibility that the svinhiesis of compounds for ddtosivating oine mctal s
increase the atfinity of the organism for anothar It was obseived by Nordeberg, i W 019725 tha
C4 treatment increased the leve! of Znoin the Iiver of the exposed fish, Tooking at the tovcl: of ald

metals considered in this study, Zing level: aro the lowest, 1t is poseible that such an interaction

micht have ocenrred laading to variations in the lovele of different metale accommiated
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In bwlogcal svsiems, metals end © bmd (0 organie igand n competution with hyvdrogen
fon such that a decrease in pt would tend (0 dissociute such metal wons trom the bpand (Valee and
Wacher, 1970).  Hhie progiessive acidification ol thie medium may be sutiicicm w0 release the

mctals for intcraction with the skin. This may actuaily cxplain the pecling of the shin in (he acutely.
tosie waperineiis and clevaied metal jon concentration in the shin of sublethal anunals, counier
balancng the low athiaty for cortam inorganmic metals associaicd with the low thiol or sulfyryl
growps o the findi sLin (A DeDiuin, 1976),

the man sies ol heavy metal uptake i fish are the wils and gastro intestinal tract
{(Pentreatly 1972 Pary and Svanbere, 1981 T ovegrove and Fddy. 1982 Annune and Tyaniwura,
1693)  {here i lneh concentration of metals i the gul tissucs. A relationship between trace metal
concentration m fish and the amount in water, sediments, food and teeding habit has been
supvested (Douben. 1990, Smith. et al: 1996). B.adsha and Croldspink ( 1982) reported high zing
conlent i roach gut.

in fish, Brooks and Kumscy (1974), Badsha and Goldspink (1982) found 2an¢ o be
generaliy low i muscles.  Oladimeji and Ofiem (1989) found lead accumadaton O, niloficus
and 7 fecer o be least in the muscle ussue, Annune and Ivanwuras(1993) toud low levels of
e and cadimium m (e muscle ussue of O, miloncus and C, guriepinus.  The present siudy also
found metal accumulation to be low in muscle dssue. This may be atributed 10 growth factor as
crowth may dilute luxiw;:l concentraiion in an organisin if growih is faster than accumulation
(Badsha and Goldspunk, 1982, Amac and Lassus, 1.985). Bevenidge, ot al, (}985) fuun:l luweslt
Toveds of rave mvtals e muscdes, Jeng and Sun (1981) fod lugh loveds of ZnSO, w0 Cyprinus
cor pae aind found ane foveds 1o be ligher in the shelotal tsucs, and that muscle levels were

pot nervasead Gl skoletal tissucs were saturated. The present study tound higher levels in the bons
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e muscle,  Musele would tharclore appear (o be the tssue ol choee lor routing

conronmental invesneation in metal contamination of fish. but Tor accidental metal contamimation.
liver, il and gut analvsis i addidon © muscle would be sugecsied.

Two phases of heavy metals uptahe were observed. These were, a faxi phase of upralic
follon and {--\ o ahos plm.“. Sumhar obsvisainen were also made 1:_\ ()!.tdinu.ji and Oflom (128725 w
the casv of I'b uptake by vanous invertebraics and fish, Jowvner {1961) had carlicr cxplained this
phenonicnon as resulting from the fact that & pertien of the toxicant taken up by fsh i initialh
adiorbod unte mwcoe subetans o secretod af e curlaces mocontact ot the mibernal cntronment
il g_!i“s‘ shan and mteetine Thie e then foiloand h_\ jlhcm‘pl_inﬂ h}' ditticon ot wonme vrnes the
semisnermeabic membrance onta the hady thinde onta the hinding dtes on or waithin specite colle
ar the body flids and in internal organs The rapid mitial uptake seen m most cases m this sy
therclore represents a phase m which the first sorption mechamsm 18 predomimant and 1he nepod

ol dechmne accumulation coutd be causced by mcrcasing aciditv, providme more Holor frec mctal

ions attachment, and refease trom ther binding sues mio the water,

5.0 Tlistopathology .

The mam point of action or taget of poilutanes in fishes is considered 10 be e wiis, The
prosent siudy found that the 2idls ware givatly aliveted, An cands Iy pastiophie response i e wills
was obsorved in the offect of tannery cflucnt, Thae was a conspicuous seorction of mueus T
response could have been due to the presence of heavy metals in the ¢ffluent as was established by
Westtall, (1217) Wong. ¢ .:2: (1977): Kumar and Tant (10R1): Fhele, or o1 (1090) and Annune.
et al (1901, 1991 or any of the other several torqcant contained in the cfflucnt., The abury

autheys explamed this phenemenon as a result of the interaction of the heavy metaly with the
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mucus glands.  The (uston ol the gl lamellae al the tips agrees with the indings of humar and

Fani (1981 and Babaunde (1997),  the tomer authours explained this fusion to be due 10 the
stichy action of the mucus,  Skidmore and Tovell (1972) found deachment of e jameiiar
cpitheliom m the zills of jainbow front caposad 10 Zine sulphaic, The present study also found
detactent and ovduima of the epathehium. His could Do as o nesult o hypertiophic scaction of
the tosicant with the epithehial cclls, Utodihe and Onusinuha (1290) caposed O parepranns o
inorganic fortilizer and obscrved similar Jamagos.

Death in fiches exposed to toxicant 1s mostlv caused by disruption in the respiratory process
due to gill damage (Skidmore. 1970, Skidmore and Tovell, 1972, Annune. of G 1901, 1001y
But Wang. of ok (1977) could not find <tructural damapoes in the gills of 77 courpre cuposed to ne
and copper salts. 1t therelore means thal. other causes of death apart from gl damage and
consequent hvpoxia are involved.  The present etudy found the tiver. an infernal arom 16 be
damased ton The damage was mainly necrotic and ocdematons i natore Omarteons and
UHadike (1991 exposed 1 mdomens niloncone 1o Actelhe 28 FO and fonnd necrone damape m the
hepathoovtes of the Tver  lomar and Pant JT9RT) tound  stppctural imparrment feadino 1o
destruction of hepathocvtes i Poeonchionms esposed (o copper and z2ne. Waono  or ot (1977y
found necrotic damave (coavulative tvpe) of the hepanie cells and also oedema.  The present study
lound all (he above mentioned damages o the bver cells.  There wWas also the appaaraney ol
globutar structures and this obscrvation was also made by Kumae and Pani (19281).

Avcording 10 Omoneeie and Ulodike (1991 the necrone damage of e iver nssue could
be due w ihe inabilitv of e fish to regencrae new fiver eelis due o their constant ilooding with
(e toaivant and that the nearotiv damage could also have been dug 1o the wacessive work reguied

by the liver to act 1id of the tosicant during the proccss of dutoxification.  The appearance of the
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globular sttuctures m week 3 and then disappearance m week ¥ suvgest that their presence nmehl

be an wtermediare step in the tormation ol necroses (hunuar and ant. 1981

5.7 Ovarian Development;

The retardation i ovanian weight gon ovanan sweighis) in the siffuem cxposed fish vouiild
by assuciated wiil the Towy oveunienee of staves 1T and T ovanies in those group of fish. Sasena
and Dhatia (198235 capuaing a fivshwaicr ideost,. Ol preictuins 1o pulp mall cfflucni found
similar results and that woight difforences wore sienificant after 60 dave of exposure. The authors
atiributed the slow development of ovarics in the  exposed fish to low levels of gonadotropin.
Though ne determination of gonadotropin levels was done in this studv, it may not be unhloh th

tannery cthent conbd he implicated m reducmg the production of the eonadotropm

SR Crowth:

A does=dependent mmnairment of orowth was observed om0 oomeriie expnsed 1o
tannery ettluent with the highest concentration (e 6%a) exhibiting the most marked suppression
Ihe control tish exlubited the brehest orowth followed by the 1% and then e a0 6
Smular Imdines have been made when othier hishes were exposed to toxie eltluents. Cmwimcre
(1980 exposed € ploticus 1o freated ANPC Retinery cifivent and found that erowth was
mparred and the impairment was dose dependent, deveral ciituent constituents have been studivd
and found 1o impair erowth,  Oladimen and Olopunmeta ( 19%7) exposed (L irdoncis 1o cerain

concentrations of lcad and found growth impairment 1o be dose = dependent,
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Crrowth can be allected by toxie ¢hemucals directiv of, mdirectiv due o elleets on leeding

or mainicnance because these processes are intmately inked 1o cach other.  [he Dvnamic Enerpy
Budget (DEB) theory provides a micchanistic basis for the fink that has been iesied  against
caparnmettal data Lor many species (Kooigman, 1993, Koogman and Bodaus, 19900 Rodueed
physical activitics cspecially feeding was noticed in the 4% and 6% offluent caposed fisli. This
could have contributed to weight loss.

Changes in carbohydrates mctabolism  occurs in fish eoxpesed 1o warious strossful
conditions.  The secretion of catecholamme and adrenocorticond in stresstul conditions by fish has
heen reported (Taoer, 1047 Smart. 1078 Thie leade to marked chanoes i carhohvdeges
reserves which according o Wedemever or oF (1091) canses hyperohecemia Fiches are noted 1o
increace thewr metabablic actvines and exeretion ol tavicant hence making maore enerov avmbahble
for homeostatie mamtenance than storase. For example. Moles and Rice (198 3) noted a deplenon
of Iver and muscle elveoeen n fish exposed to hvdrocarbons.

Gills of exposed lish were also damaged |, Fherelore, the growth reduction observed m (his
study could have been due 1o reduced carrving capacity of the blood resulting in the meticient
utilization of assimilated foud or o inhibition of certain enzyvmes of the metabolic pathways.

Changes in carbohyvdraies metabolites under toxic conditions have been eported in
verbebrates, Nahaffoy (12805 and Gall and Pant (19815 obacrved devrvased placose absorpiion i
k.ld ij\.ul\.d jats »II'lLl ;nuu!un et ,’,, ity 1».*|u,~.h\\.1_\. { ﬂadilll\. H .lll\l {‘J}uguulnuld ”'3:;7} u!--“, Tt
a Juse ‘l\.pn.ndm.ni \.’I.I)I\..ljull of liver 5]_&;::5\.“ wy (. andeticns t..\|nm\.d v lead and attiibuied 3 as
probably Jue to the incfficient absorption of soluble glucose from the intestine or bivakdown of

liver cells which store or svnthesis glycogen.  The changes in the liver colls could as well have lad
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o a similar phenomenon desenbed above,  Omaoreeie. er al (1985) observed hivpoghveemic

condiiions i 2 adoncus exposed o petroleum eitiuent.

CONCLESHON AND RECONMENDATIONS

Lhe eiliuent produced by the Grreal Northern Lannenes (GN 1 L TD) Kano. contribiies (o
the contammgon of the covitonment 1o a rar degree, fish eaposed 10 acutcly woxic Tevels orf
Loy ohilucnt showed symptoms of oncoss that mcluded agstated swimmng, koss of balance.
wistvasedd gl venilation, au gulping, coughing, twisiing, swollen abdomens, nvrvased mucus
secictivi vdvei the body surdace. preapitation of the mucus and finally Jdeath afior o period of
quiescence: That the 96-h 1.0 value established for the composite etfluent wag 9.5% viv and a
G0, comtidence Bt range of € 7O - 10 2057 8 dope funchion of O 65 was found:
The hematologeal parameters of REBC WEC TTh, THaematocrt (PVOY, MO and MOV were
hothy the acote and chronie exposires adversely atfected by enher icreasme above or decreasing
below the conirol values.  In most of the rearments the vamanons were stanshcally siomticant as
(1 uos, Oy the NOHC was not alfecied: hishes both m the acute and chronic exposures
decumulated the lour metals cchronuum. copper, lcad and zine) studicd lar above the control
tshes (0 0O and the indnvidual meal distibuiion was m e order of iead ~ chromium
copper  zne. Inoenns ol ussue accumulauon. the liver accumulated more than any otlier organ
studicd: FHistopathoiogical studies showed thac die gill and liver of {ish exposed o ey efflueni
wets shamaead (o vanows degrees, and Growih of sl and ovanan devedopment wore retarded i
the cHlucni coposad fish. The followine recommendations are made:
1. Rather than cmiploy 'end of pips’ strategics in solving pollution problems associated with

tannery wastes, cleancr production which aim at "prevention of production of pollutants'
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Rather than emptoy ‘end of pipe’ stralegies 1 soiving pollution probiems associated with
Whiery Wasies, cleaner production wiuch aun gt ‘prevenuon of producuon of poblutants'

usiig  leaner technoiogics be cncouraged.  1las however volves a wal socictal
cunmgBtnent,

I w society Bihe owrs, where awareness (knowledge of pollutanis and pollutants elfcets) of
the aencral public is lacking, socictal commitment may be difticult.  Awareness should
thvivioie by vivated i the gencral public, ’

Where wastes are produced, level of toxic pollutants be reduced before discharge into
streams Thie conld be achieved by physical, chemical and hil‘;lﬂ:_‘,l".‘;ll treatments of the
woste Recyelng o wasies shonld also be pracriced.

I'he Lederal Environmental Protection Agency (FEPA) should sive to monitor and ensure
hat the tived standards Tor waste dischargf: are stricily adhicred 10 by the industnes.
Bonowmng e median lethal concentration, that 18 the concentranon that kills 0% of the
Bshoas not an acceptable goal 1o control lOXICHY 10 a recenang waler.  An apphication factor
(AL s used 10 reduee the fethal concenuation that would allow tor compleie survival of all
stares of ihe anmualy Ble lustory. This  concentration s aelgned 0 as the “safe
conventiation” and 13 a product of 96-h LC g and AL Abs aie wsually devddoped ahing
ito vonsaloration Jotg- tean or Cwoade offects of the tosicant on e history factions as
grosth, !'..-..‘undu_'." hatching success, food conversion and behaviour.. It is thercfore
recommended that further research be conducted on the long term effects of tannery
eftlnent on !};'cumli!_‘.'. hatching snecess and food conversion so that an AL factor could be

estphhshed
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Lol 3 820.900-4 275 6535 31.42
WEERS ) K2 1664 7 AKKK 312

Puncan’s Muluple Ragne Teast for WDBC,
Notes Means with the same letiers are not siembicant ditferent.

PUTNMOAN GROUPING MEANN CONC
A 21,300 4 5
A 17.678 1 4
13 13.773 + u
"H Y )} 1 2

DEINCAN GROUPDNWG MEANN WEEK
\ 17.192 1 X
I A 15.725 +4 O
B A 12.325 4 4
15 11.800 v 2
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Ao table for haemalobin (h&) of (7 corepinus exposed 1o vanons sublethal concentrations of
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Anoval table tor mohe of @7 oorepms exposed 1o vanons sublethal concentrations of tannery
cilluent fur et weehs.
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DDUNC AN GROUPING NEAN N WiiERS
\ 1 308 1 fy
A 1.127 R} 2
\ 1.112 4 8
\ 1.022 E 4

Upha 0,05 it 9 MSE 0074257,
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Aniwa table tor meh ot €

SOl RO [
Nuoddd O
Frror 9
Caorrected

Lotal [5
R Square
(.331980

U B [
N 1
WELEKS 3

55
L.166
0.1348
(. 3009
LN
27.12783

ANOUVA DS
0.08232110

UUB3TY519

vl

AIS
0.02768
(.0149%

oot MSE
1122397

hY bl
0 02711040
0.02793173

DUNOARD ANULTIVLLE RARGE FLST VOR NMCLL
Sohe ote that Neans with the same letior are not ssonfueantdy ditterent

DU NCAN GROUPENG MBEANN CONU.
\ 5202 4 3
A (.506.2 4 O
A (0.1395 1 2
A (3387 4 ¥

ITINC AN GROTTPING MEANN WEEES
A 0.5677 + a
\ () 4508 4 r
A 04112 i 4
\ () 3753 3 ?

garepoms exposed 10 vanons sublethal concentration {or eloht weels

F-VALL'E
1.85

Pro ¥
0.1236

AMOTT Meaean
0431178730

F-VALUE Pr-F
1 82 02116
1.80 0. 2000
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Anova il duncan tables for growth i €7 goreprons exposed (o vanons sublethal concenirtions
ol tannery eflluent for eighit wechs.

ANOYVA
SORTCT 1l 5SS \ S F-VALLT Pe> F
Nodd 7 0506.332820 1358.047546 7.86 0.001
Lior 2 J073.025680 172,752140
Corrected
1 otal v 11579.3355500
R-Squara C\ Yoot MISE Crrowth mean
WnZua Tl Th43 1 1343352 P8 AU
SOUTCE ) ANV A SS MEAN 3 QUAKE =Y ALTE it
(O 4 LR SR RN TR Wil T UG 11694 o0l
Wil 3 1250 5 i 18, 702140 242 1103
Ext y % ¢ T

el vy 1 v 1 R sl LAl B &
LI | R Mg }l.!i LR L ‘l}\"\‘llll
L

VN Lcans with e Iehiors e nol siomhicantiv ditlerent,

PDUUNAN GRUUPENG MEANN L(NG
A 16,718 ! 0
X Ao 144 3 i
i 185 203 1 2
I3 =2.247 + El
| -4 170 J f
PHTNCON GROUTPTNG MEANN WEEKS
\ 29 99%) 5 X
i A 21040 G
It \ 13.312 b 4
B A 92234 s 2

B Alpha = 0.05 dif — 12 NISE ~ 172.7801



A\PPPPENIDN A

Anova and Pable for U6y aecnmulanion fo chivomuum m the vanous ussies of (7

eaposed {u tannery effluent

ANOVA

SOL RO | )k Sum of Square Mean Square  F-value
\adel ¥ 772.40 96.55 2.09
Faror ]2 333.63 16,30
Carrected
1ot 20 1328 (1)

K-Square N Root NSE

winlo 182,93 0. 8047
SOURCULL DI ANOVASS  Mean Squaie Fovalue
flondy nissnes. 6y HIX K7 103 18 773
ATTE > 133.53 76.77 1.00
Plitivaiis .‘niul‘ilp:u ::.m':'\. Voat dor Cliromium aceumulation.
Nofes Veans with same letiers are not sipmificantly ditterent,
P mcan Mean N Body Puncan Mean
groupng tssues grouping
A o2 3 1 A 71.53106
B A2 3 1 A 2216
b 2.3537 3 A A 1.427
21 1 A6% 3 '
5] 0.465 S B 0.209

‘\Il::m

L
IR

4630444

Pr>F
0.1213

hromum Nlean
S3./1vs

l}l . },'
01120
u.2314

N \i'dl'h

7 |

7 )

7 3

3 7

SrIepIniS
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APPFNDIN 6h _ ) . . . . _
Anova and DAL Tables for the accomulation of copper in the tissues of 0 gariepinus exposed
o tennary o1 uent fur 96.1n.

Anova .

SOURCL Dl Sum ol Squaies Muan Squaie T Value Ye>§
Moded b 181.61 22, T8 2.18 01188
Lrior Bk 129.61 10.8007
Corrected
Total M0 11121

K=Suylare £\ KooiMsk Copper Mean

0 5%3% 178 41 32864 1 8421
DUILUKL | i ANOUNVASS  Moun dyuase bovaiue e~ F
Pody tesnes 6 110 RIAGS 13,4744 217 0 1189
oy L 40.7603 20.3801 i.69 U 1938

Duncans Muaiiiple Rugne Teat for Copper accumuallion.
Nobe: Neans with the same fetier are not siembicantly ditferent

Duncan MMean N Hody
Cirouping Tissuc
X 8.0 3 |

3] 156 2 1

13 134 3 2

1 () N6, 3 6

[$) 0.750 3 3

H (1 363 3 5

B 0, 1461 3 7

5\ 1793 7 i

A 1.104 7 2 .
A (1.6.2Y9 7 3

Alphia - 005 i, - 12 MbLE - 1080066
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APPENDIN e T
A nova and DNIRTE Pablee for the accomualiion of Tead m the iissues of ¢ gareprins exposed to
fannery elBucni for 900,

Anova

SOURCTL pr Sum of Syuares Muan Squaie Fovalue Pr-F
\toded X {374.32 172.42 1.92 (. 1480
Liror 12 1075.45 80.62
Corrected
1 otal 2 2154.77

ISl % Koot Nibie Fead niwan

{2010 G107 36 O 4668 . $.7919
SETTRECY {RLY Anvg 88 NMean Sgrore Fovgloe Pr>F
Doy tsstics © (475,75 179.2¢9 2.4 U, 1444
\ars ) 314 87 151 79 1 (9. (.2250

Duncan's Nulnple anee Test tor | ead accumualhon,
Nube, Meois with same etiers are not significantly didloront.

Duncan Girouping  mean N Body Tissucs
A 22006 J 1
B 1.218 3 !
13 2957 3 2
& R E 3 3
i3 1.422 3 0
12 077 3 S
B (1245 3 7
A R EY 7 1
A 2,593 7 2
\ [.647 7 3

Alpha - G035 il 12 NSE -~ 89,6209
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Ve o DINERCE Pables for the acommnbiien of Zine m the fissnes of 'ﬂw-n-,mm;.- exposed 1o
iwnnery ellucnt for 96-1u.

Anova

SOURCE DI Suitr vl fiqu.:u. NMoan -‘;qlull'» Fevalue LR &
A\ lowdel bt 96X 1 210 143 u02770
Lrror i2 10.1°341 0.8445
Corieeted
Taowl R{1] 19.8112

R=>quare Loy KooINIST Zmne Nean

() 18¥S 217 8% () 140 0.1224
Qe et (B1E Anova S8 Aean Swuaare 1V alue Pr I
Dody ussues 0 7.5713 1.2286 1.45 02729
\ s 2 Y 30K7T 11544 1.37 02019

Pidenans Nudnple Raone Test tor Zme accomuainon
Note: Nlvanis witht Lic saniy lotter arv fiud ni‘n_:l'tu.auulill_\' difforent.

Duncan Grouping NMean N Body Tissues
X 1.85.2 3 1
i 10.29% 3 3
15 w271 3 3
I 0.248 3 6
Is 0.214 3 3
H (06K 3 5
b 0.005 3 7
\ (891 7 I
A 0.197 7 2
A 0.179 7 3

Adpha tus di 12 MNSE - 0844507,
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Vaova amd DNVIRE Tables for the acoumulaion of chiromum e the issaes of (7 gariepinus

eaposvd i 20 wannery viidueaa boi 8 wedko

SOnRyLey] nr Sum of Squares

Nl ) 4306456

Frror 14 7 L0106

Corecivd

Towl )7 S8 8803
HK=Dyudic [
TERIE v 1740

Notwee Rt ATATRI T B

348.0080
159704

. i :
l;,un_\ limsuwa 7]

\\ CUhe ‘ i

-&x()\l'(&

Noan flqu.m.: F-value Pr>F

A7 8495 11.49 0.0001
11634

Koot NSk Cluoniiunt Ncan

2040 3RS

Vean Square  F-value Pr=F
05.7761 i3.80 U000 |
11.9923 R .UOHS

Puncans Abidopte Panee Lest for Chromium accumulation,

AT

Duncant Grouping  Maan N
A Li.av/ +
It 1177 1
i 2882 +
I 2112 1
i3 (.G235 +
i 0 S7H 4
13 0.323 4
\ 4.6 7
3 - A loll 7
5} X 2.308 7
n 1.754 7
Apha =008 df - 18 NSE = 11634

tor Maan wathit he same letter are not significantly difforent.

Body Tissucs

W o= by e =

-
-

td = TN 2 =]
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APPEFNDIN Th- . . . g
Anova and DNIR T Pahles tor the accumualtion of Copper in the tissucs of € garepinus exposed
i 2% tannery olllucnt fur 8 weeks.,

ANOVA

an Sauare F-valuelr - F :
MModdd Y 75.3076 8.3675 1103 0.0001
Lnor I8 13.656] U. 7587
Corrected
1otal 21 X8 YO0

R-Square CX Root MSE Copper Mean

18405 70, 7309 u.s7lu , 1.231°0
Soruce iR Anova 55 Nean Squaic I=Value Pr—F
Howdy isenes 6 (4 SOt ] Tl ) 1829 (0.0001
Wiehs 3 27123 1.9642 -5 0.0914

Duiicanos .‘\Iuli;pl\. R«sliu_:u' 'l‘l.-.'}l fui ‘_.niipui.

Noter Mean wath the same {ener are not stemhicantly difterent.

Ducnan Cirouping Aean N Body Tissues
\ 1.950 |
15 1443 4 3
1 I RS 4 l
is 0.772 4 2
1 () (9?2 1 5
i3 (. 234 + O
1 0103 4 7
X 1.897 7 8
3 A 1.3%4 7 6
B \ 1.9205 7 4
5} 0.73% 72

Alpha  — 0.0 a1 = 18 NISE = 07387,
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APPEXNDIN T

Anova and PNIRT Pables tor the acemumulation of Tead m the tissues of ¢ gricpmus exposed to

2% anncry iiuent for 8 wechs.,

Soutee l)l" :;l.u:l uf ::qud.l (%] }bl\:d.ll -(ﬂ-iu-n‘ll. l"-\ru]u\.' Pl' - I'
\louded 9 7105141 78.9450 8.06 (.0001]
Ermror i8 176.3734 9.7985
Corrected
Fatal 27 £86.8838

K=dutare CV Koot MSE fead Mon

RIS R7.2001 31303 3 97
SO e Anmvy S8 i R T Caum Yionali o e - ¥
Podds ussues v vin foer 00275 Tu.nz TRYLL]
Wicks : 71 346D 17817 R 4 CARALLS b

Piuncaps N dunde 1 one Tesrtarl ad

.t L . oy g a1 1°4%
"‘\,. AL TR AYRRE Tl I R R PN ) Jl:’:‘llll\vllllll. WA lwl Wi

Piawan S0 e Nlvwi b Ty
A : 14 in i !
1 '“‘ =
i C 4 .2
Py TR 4 "
) : 6
I LY ] -+ 7
€802 7 ¥
£ 3 +.403 7 G
44 A 294 7 4
i3 1.869 7 2

Alpha — 605 DI 18 MAISE - 9.7985
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Anovi and DN TTY Ables for the acemulaiion of Zme m the tissucs of € gariepinus exposed to

29 danuery eifluent for 8 wecks.

ANOVA

Sourse D Sum ol Squares Mean Squaics
Nodel v 10,8498 1.205)
Frror 18 5.0379 0.1299
Correcied
Tortal 27 15 8877

=-Squae G Koo NSk

{1 AR?Q 111 48 (1 5700)
Sonrce D \nova S8 NMean Square
l;uu'._\ {issuws U B.8GRT 1.4781
Weeks % 1 9%11 0 6604

Puncals Vialnple Ranoe 18l for Zinc.
Note that micans with the same Ltter are not signilicantly diffeecat.

Duncan CGrouping \ean \! Body Tisvucs
A 1800 4 I

b 0.534 1 5

i .362 4 3

R (311 4 )

13 0.146 4 4

B 0143 4 G

i3 0.027 4 5

Alpha — 0,05 df — 1SNMSE ~ 0.279

F. Valug
+.31

Pr=F
0.0041

e Mean

4746

Fevalue Pr>F
5.28 4,.00627
236 (. 1056
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APPENDIX  Sa » . . . . : TR
Apova axad DN Tables for the accumulation of chrommum i th tissues of . gariepinus
capused (o 40 tanoery elllucnt for 8 wecha.

ANOYVA

Soruce pr Sum of squarvs Moan squaivs 1-value Pe>F
Model 9 3304,86 373.87 10.949 0,0001
Frror B 612.47 31.03
Corrected
lotal 254 7733

EERTINIS [, 5 kool MsL C Ul Medn

(1 8440 106 87 S R330 S TR2R
Sonrce BB Anova S Mean Sqitare Fvalue Pe>F
Body Tissues o 3182.592 530,45 15.59 06,0001
Weeks A 1K2 261 60,75 1.79 (0. 1860

Ducnans multiple Raene [est tor chromuum
Note: Means witht he same [etter are not significantly different,

Duncan Grouping Mean N Body Tisaucs
A 1. Ta7 A4 1
13 4.219 1 2
iy 1.847 + 3
i 1 6GRY 4 4
i (.461 + 5
B 0282 - 7
13 0.275 5 G
A 8. 191 7 8 '
A 7.504 7 6
A 5.180 7 +
\ 1.626 7 2

\pha — (0 0% df = 18MSE = 34.02589.
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\PPENDIV 8h ‘ o _
Anova and DAL Tables tor Copper accumudation mn the Gssues ol € garepimus exposed 1o 4%
tanmery efflucat for 8 wecks.

ANOVA

Somice DI Sum of squares Mean squaies Fovalue Pre=F
Model Y 8147897 W.5322 9.23 00001
Frror 18 176.5551 0.8086
Culrecded
Pestad B QU 330

LDyt LA fcout ML L oppad Mean

Nne"Ny 111 8% 11919 Y RV
SOt Rl \nvoa S8 \lean Square F-\alue Pr>F
Body Tissues o To4.1334 127.3556 12,98 0.0001
Weehs t 50.6563 16 8854 1.72 0.1984

Puncans Multople Kaone Test tor Copper.
Note: Means with same ketter are not significantly ditfcrent.

Duncan Groupmng  Nloun N Body Tissue
A 13,506 + 1

i 2161 4 2

b 0738 + +

& () 660 1 3

i3 0. 300 4 6

i1 169 4 7

H 0.119 4 5

A 4.223 ) ¥ .
X 3.662 7 6

A 2.654 7 4

A 0.691 7 2

\lpha ~ 0.0% df - 18 \MSE = 9.8086
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A\PPENDIN Hee | o | ‘
Anova and PATRT Tables tor [ead accumulation in the bssucs of € sarepimns exposed to 4%
fanmery eliiueni lur 8 wechs.

Anova,

Sutires Dr Sum ol Syuaree Mean Sguares '-Value Pr>F-
Model Y 3225.1% 0577 10.50 0.0001
Frver 18 005,30 §5.201
Currected
Toial » 622042

=D Lt TN oot Nk o Lead Mean

() R0 0160811 7SR 6 USO8
SOrice (BN Anova SS Mean Square =\ alue ’r>F
BUJ) Taues O 96,6171 830.1362 15.01 G.u0al
Wovks } 2443707 K1.4589 147 () 2553

Puncans Nuadtple Kaone Test for 1ead.
Nate: Mean with the same etter are not significantly diflorent.

Duncan Cirouping Aan N Body Tissues
A REARIIY 4 1

15 3540 4 2

i 2,150 +4 4

3 D (9K 4 3

B . 790 + 5

B 1) 383 4 7

H] (L1860 + O

\ 9,156 7 ¥

A $.771 7 6 ’
A 7.990) | 4

A 1.886 7 2

L

A
12
g
=
I
-

.'\]p]!.’l =08 df - 18 mese =
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APPEFNDIN K- o _ o
Anova and DNTIRE Tables tor Zme accnmulbiation mthe hssues of (7 sorepoms exposed to 4%
tannery ¢lflucni for 8 weeks,

ANOV A

TR Dy Suim o square Mean square F-Value Pr>F
Model Y 54.731Y 00813 2.8 u.0270
Frror 18 38.0613 2.1148
Correcled
Toual s 02,7032

W=Denare . oot Nin , Lae Mean

(1 SROR 2207 14541 0 7196
SO e RIS Anova S8 NMean square b=\ alue Pr>F
Dody lissuvs 6 45,5973 7.55%0 3.59 0.0161
Woochs i 7 1381 20460 |44 £). 2640

bDunans mulople Kaene [est for Zing.
Naote: Means witht oh same Ktter are not significantly ditferent.

Duncan Grouping Moan N Body tssucs
A L84 + |

H (038 4 2

i) 0.203 4 3

R 191 1 4

I 0.182 R 3

1 1161 + 6

B 0.081 4 7

A 1494 7 b

A 1.o42 7 6 '
A 0,196 7 1

A 0.146 7 2

Alpha {08 df = 18 AISL 211458
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\PPENDIN 0y | |
Anova and DMR T Phics tor chromium accumuaiion m the tssae of O gorepmns exposed 1o 6%
fannery cillucnt for B weehs.

ANOVA

Souree DY Sum of squarcs Noan syuares I'-Value Pro=F -
Moded Y 5276.33 586.20 17.01 0.0001
Yrror 18 620 .31 31.17
Correcied
T 7 £S89 %1

K=Duyuare (WY Koot NISE  Chuopium Mean

(RO EEREIEA AR VAR TS
SOt e \npovaSy Nean saquue Favalue Pre=F
nud} Uasues O 5101.1457 830191 24.0u CU.0001
Weeks 3 171.1802 58394 1 6Y 0.2040

Duncans Muliple Raome Lest for Chromium.
Noter Means with the same tier are not significantly differont.

Duncan CGrouping mean N Body Tisucs
A APAIR + I
& 4.108 1 2
i 2.428 + 3
1 1237 ) 4
) 0.0G7 4 5
B 0 484 4 6
i3 0.081 + 7
A 9 661 7 ¥
A 8.372 7 O
A 7.065 7 4
A 2.992 7 2

\pha 0 0s ar 18 ASE
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Anova and NIRRT Fablos or Copper accumudation int he tissucs ol € grepmns exposed (0 6%
annery vilucnl for 8 wuochs.

ANOV AL

Bource DF Sum of Squarss Moan squarcs Fvalue Pe>F.
Model Y 1603,30 178.15 930 0.0001
Emor 18 31178 19.15
Coirectad
Total 27 1048 11

IK=Dyuare CoN Koot MSE Copper Mean

RIS 106 2781 4 376379 " 4 11977857]
Senirce (RIS \nova S8 \lean Square =\ alug Pr>F
Buody isues O 1ib4.28 247.38 12.92 U 0001
Weeks . 4 (RRTETH 3964 2 a7 01397

CDAIR T
Note: Means with the same etter are not significandy diffcrent,

Duncan Grouping  Mean N Body Tissucs
A el BUIR A | 4 |
It 127 1 7.
i 1788 Kl 3
i ( 4R6 1 1
i (L374 4 6
2 (258 + S
i3 0.025 + 7
A 6,931 7 %
4] A 4.952 7 G
1 A 3,242 7 4
R 1.355 2 2

Alpha~ 0038 df 1R AMSE = 1015249
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s

Anowa and DNTR T Pables far | ead accumualion in the tissnes of ©° aurtepimus exnosed tn A4,

fanmcny ciiluci for 8 weehs.

Source Dr

Muodel Y

Frror 1%

Cunecied

Total 27
K=dyuares
.819373

Sonree (Rl

Body Tissues 6

\\ L‘L'k\ 1

DAIR L

Note: That micans with the same Ietter are not significantly difforent.

Dunwa Greuping Mean
A So.078
P 5162
5! 3.009
R 1 944
I .949
It 0317
3 0.124
A 10.324
\ 9.586
A 4.017
A 3.260
Upha - 008 dif = 1%

ANOV A,

Suim of squares

4358.03 484,23
6107 53.37
21871

[ 9 i<out AMsE
107.4842 T 38HAS

Anova SS
$6G74.80
23N

Mean square
079,14
04 39

N Body Tissucs
4 1
1 >
4 3
Rl 4
K 5
4 6
1 7
7 8
7 4
7 3
7 3

NMoan square

F-value e~ F
9.07 0.0001
LEAD MEAN

6 70606

F-Vale Pr=F
12.72 {10007
1.77 (0 1X9?
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Anova and DNIRTT Tables for Zine accumulation in ssucs of €8 oariepimns exposed 1o 6%
tannery elfluent for 8 wechs,

ANGV A,

Sories Dt Sum of Squares Ilium-u;]u-“'u Fvalue Pr>F
Mlodel Y 1204389 13.3821 8.27 0.0001
Frror i% 291351 1.6186
Cuorrecied
Total i 1195739

1=udic R Koot N>k 4w Mean

()ROSR 1162705 1.277748 1.04942]
Sonree BID \nova S8 \Mean Sauare F=value Pr>F
Dody tdsues 0 HOG216 18.3369 11.33 0.0001
Weeks { 4173 34724 218 0.1301
DN

Neawe: Means with the same Rtter are not signiticantly differcat,

Duncan Grouping N\ean N Body Tissucs
A s % 4 6 -+ i

13 {709 4 2

5 L3380 -+ 4

H 037 4 3

i U148 + 5

& 0047 4 6

B 0.039 1 7

i 2.037 7 b

B X 1.166 7 6 '
B A 0.7%5 7 4

B 0.3%9 7 2

Alpha = 0.05 dr - 18 AMSE - 1.6186
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APPENDIN 14

Anowa and PNIR'T Tableg for Fotal mefal (Cr, Cu, Pb and Zn) burden in 7. gariepinus exposed

{u 2%, 4% snd 6% tanmry cfflucnt fur 8 wochs,

Alpha =0.05 dt=9 * | MSE = 461.899%.

ANOVA

Source Br Sum of Squarcs Mean squares F-value Pra I
Model O 45419.99 7569.10 16.39 0.0002
Ervor 9 415710 161.90

Correciad

Total 1% 49587710

K=Square CV. Root MSE  Mcaal Mcean
0.49is149 2822395 214088 761416

. Soruce DE . Anova §§ Mean Square Fwvaluelr > F

Mulal 3 28822.54 9607.51 20.50 0.0062
Weeks 3 16597 46 3532.49 11.98 0.0017
Means with the same letter sre not significantly different. B

Duncan Grouping  Mean N Metal

A 121.36 4 Lead

A 110.39 4 Chromium

B 56.82 4 Copper

¢ 16.02 4 Zing

A 113.93 4 8

B A 96,51 4 &

B 4,62 4 4

¢ 29.52 4 2
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APPENDIX 10 -
Anova and DNIR'T Fables for Total metal (Cr, Cu, Ph and Zn) burden m " garepimus exposed
{0 2%. 4% and 6% tannry cH{lucnt for § wecks.

ANOVA
Source DF Sum of Squarcs M..‘.an'aqu.uua Fovalue Pr>F
Modgl O 4541999 7569.10 16.39 0.0002
Error L. 4157.10 161.90
Conrecicd
Toal 1% 40877 10
K=Square C.V. Koot MSE M Nean
0.9161490 78 22395 21 49184 761416
Sorice RN Anova SS Mean Square  FavaluePr = F
Meial 3 28822.54 4607.51 20.80 - 0.0062
Weeks 3 16597 46 553249 11.9% 0.O07
DANIR L
Means with the same leticr are not significantly difforent.
Duncan Grouping AMean N Metal
A 121.30 + Lead
A 116.29 14 Chromum
i 50.82 4 Coppei
. 1602 4 /e
A 113.93 4 8
3 A 96.51 4 6
D 4.62 4 -+
¢ 29.32 4 2

.
Alpha = 0.05 dl - Y MBE = 461.8998,



