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TOXICiTY OF GAMMA-BENZENE HYDROCH|.ORIDE (y-BHC) TO OREOCHROMIS NILOTICUS
(PISCES: CICHLIDAE)
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ABSTRACT
Tho loxicity o( gammn-bonzeno hydKxhloi.de (y-OHC) Io Oreochrömis mlolicus was i
(iViilualüd in a slnlie bioossny sysloin A| v.iiionr. conccnlinlions and ponods ol oxposure, 
clinngcs in bcliaviouial responses and it oilalilios wom iccuidud in tho IcsI lish, whilo no 
such responses or any moilality v/as recprded in Ihe cont/ol lish Ihroughoul Hie penod ol 
Ilm cxpciimonl Incrcnsmg conccnliatijinr. and pniiods ol oxposmo Io y-OHC enused 
uncoordmalod movcnmnls. cirnlic swimnjnc bnhavioui and cxlicmo dullncss pnor Io dealh 
ol Ihr IcsI lish Thoo was progt|!s:'vc hanmoconccnlrnlion, hypcipiolcinacmia. 
Iiypmnalincima. dccrcnscd plasma cabon conccnlialion, hypoglycnenua and incrcased 
plasma lovels ol ALP, AST and A l l  will. incica:.in<| conccnlialion ol y 01 IC and penod ol 
nxpor. J'o ol IcsI lish Death ol ler.l lish ixxunml railicr.l in Ihn highcst conccnlialion ol y- 
IIIIC  (AJÜppm) and will) incionsmg ponyils ol oposuii! l'or.linoilcm lur.ions obscivcd in 
Ilm lusl lish mcludo hncmoirhngic and nccrolir, cnlcnlir. and tnyocnrdilis, hcpaloccllulnr 
dcgenanlion and nccios'i". and non-su^iinalivn innningocnccphalibs II is concludod Ihal 
r UI IC is vciy loxic Io 0  m/olicui, cnur.yuj seypy aculo dciiydialion, hncinoconccnUaüon, 
oigan tnmngo nnd dualh Hcnco, il.is r.ug<Vsluil llml llto uso ol y-OHC bo piopody 
i.nnliollrd and icgulaUid by appiopnalnji'gisialion in nidni Io picvcnl ils bioaccvnnulnlion in 
tho cnvronmenl and imminent disasliouj ellcd an Ilm ccosyslcm

INTRODUCTION r
Agrocliemicals, sich as peslicidos, espocialjy chlonnaled hydrocatbons aiu roulinely employed as 
pari ol Ihn inlegrJtod larming praclico lo jrolucl crupr. and animals Irom insecls, weeds and 
diseno.i ! lowovoi, Iheir wse ir. on llto incioaso and har. laigoly been uncoordinaled, uncxxnlrolled 
and rlisciiminalü, aipocially in llio Iropical (;ounluur. (Uull, 19132; Gddbuig, 1991; Tanabe, 1991). 
Itio 'u '.o  ol lho"o püsliaduivis r.luclly coiilinllüil in «lovolopod uconomics ol llio woild bocauso ol 
Ihuir polcnli.il loxialoyicnl piopoilior, and alnlily In Inim innnlunr. in udiblo porlions ol crops and 
riniinal piuducb; (Ashlar, 19139). In addilioip walui budiuü (sua, uliuam, nvutu, dams, ponds and 
welis) ro;oivo llio nnjor amounl ol lliese cljomicalr. (Bjnrk and Brovik, 1990) when washed by rain 
iro“  *.r>eir poinls d applicalion. Here Ir.ey r.ecomo rcadiiy -svailab'e m Ihe food chain and 
iUbsechioni bioaccunulalion in both squallc mic Icrroshial •Tcr= ano launs (Melianby, 1967) wilh 

1 >»•. ,i T/.rinlifmlln dir.ar.lroar. rA/v.OityV* on llio oMsyr.lnr"* (Ton/ 1907). For example, 
.ibil ouildl i'Jiiib lwo IMidr. ol anmial p ,,. • diia, and aboill u sbin'lüi Ol lliuso lish IS pfOdüCöd ifl 
Iresli clor.od walor pmds in rico plamnlionj (Pnlmor, 19/?) Scvcro loxici'.ios and reduclion in fish 
pioduc.lioii har. boi 'Old a ror.ull pl llio  ur.n ol ohloiinniod iiydiocaihons in llio conlrol ol
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rico püddios (Palmor, 1972; Pauish, 1905). Tlio sludy ol Ihe environmental dynamics ol 
midopollulants, ospocially agrocliemicals, is ol imporlanco when judging or predicling Ihe polenlial 
shorl and long-lorm hazardous effecls ol llies^ Chemicals Io man and wildlilo. Honce, Ihis study 
was carricd oul lo dolormino (ho toxicily lovcl ol dilfcronl conconlfalions and poriods ol oxposure ol 
y-BHC lo Nilo lilapia, Orcochromis nilolicus.

MATERIALS AND METHODS .
Exporimontal Fish
Two hundted juvenilo lilapia (Orcochromis fii7e/<cus)CT avorago woighl (5.01±0.05g) and lenglh 
(8.30±0.12cm) wero purchased Irom a commer^ial fibh farm in Ibadan, Nigeria. Tho juveniles were 
randomly assignod into Ion groups of 20 oach ip glass aquaiia lanks ol 45cm x 45cm x 60cm filled 
wilh air slonos and eleclric power-drivon aer^Jors. Thoy wcro fod with commorciai fish pellols 
conlaining adoqualo nulrionls (Roish and Oslilda, 1906). Unconsumod foed and laecal wasles 
woro lüiuovnd, aquana washod and walor roplonisf'od rogulaily as rocommondod (Oyolose and 
Ealuroli, 1995).

■Bloassay Procoduro
The y-BHC - 200g/l EC lindano (Gammalin 2Q .̂C, I C I , England) - usod in Ihis study is liquid bul 
insolublo in walm. Honen, a 100ml r.lock colulion ol 1.20 ol 200g/l E C lindano was prepared in 
acolono, wilh sorial dilulions into vaiying concmlralions mado liom Ihn stock solulion. Proliminary 
losls woiu camod oul Iq dolormino a suilablo rrjpgo ol dosos basod on logarilhm ralio, lor example, 
0.001,0.01 c Ir  nccording lo Parrish (1905). Tl]c definite lest conconlralions wore measured oul in 
ono conlrol (zwo ppm) and four lioatmonlq -  60ppm, lOOppm, 150ppm and 200ppm (i.e. 
0.00001mg/l, 0.00002mg/l, 0.00003mg/l and q.00004mg/l, rospectively) ol y-BHC in 50 lilres ol 
dechlorinalod walor Each conlrol and tost slqlic bioassny was duplicaled Uolh conlrol and lost 
fish worn slarvod lor 24 hours priOr lo Ihe Commcncomnnl ol Ihe nxpeiimonl in order lo roduce 
«ronlamin.ilinn and luilhor dilulion duo lo laocijl and linealen lood material (Reisch and Osliida, 
1900).

Observation-, wero mado on Ihe behavioural pjilterns C bo lh  conlrol and lesl fish al and belween 
1 ,2 ,4, 6, IO, 74 and 48 hours ol Iho commoncjimcnl assny I laomalology and serum biochemical 
studies weio eaniod oul on blood samples colltjded al jur.l boforo commonccmcnl, 2, 8, 24 and 48 
hours Irom J lish pur Ircalmonl as dcscribcd by Endinn C'l al. ( 1999) n:vi Gydcsc cl al. (1599) and. 
Ih n  pai.imnleu; dnlerminnd irirJurln pnr.knd ce|l vr>lumn (PCV), hnnmoi)lohin (llh) conconlralion, 
nid blood uill (UlIC) eounl:;, total pl.v/na pmUm (U V ), all nimm (Al.lt), globulin (GL013), plasma 
concnnlialuns ol Na‘ , K \  CI, IlCOy, C a ", POc, uma, unnlinmu, alkalino pbosphalaso (ALP), 
alanino aninolransloraso (ALT), nsparigino aminoliansleraso (AST), and glucoso. Mean 
corpuscukii volumo (MCV), menn coipus^ilar haemoglobin conr.ontialion (MCHC) and 
ulburnin globulin lalio (AGR) wem calculalud (Jpin, etil»)

Doad fish woro promptly romovod and oxamin^id lor gross lesions aller which llioy were slil open 
lengthvisc vcnlraliy and presorved in Bouins* fluid lor 30 minulcs and subsequonlly in 10%
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phosphate-bufferod formol salino. Samplos collecled Irom Iho gills, hoail, inloslines and brain 
wero omboddcd in paraflin, soclioned al 5p and slainod will) haomaloxylin and oosin (H&E) lor 
hislopalliology. _

Data oblamod Irom Iho duplicalo assay gro i^s woro poolrxi lor oacli Iroalmonl and subjoclod lo 
analysis ol vaiianca (SAS, 1907), and Itualni-iiil moans woio compaiod lor signilicanl dilloronces 
al 95% confidonco inlerval (P<0.05) as doscribod by Dtmcan (1959)

RESULTS AND DISCUSSION r
No advorsn bobavioural cliangos or any moijnlily was mcordod in Iho couliol Fish Ihroughoul Ihe 
poiiod of Iho bioassay. Ilowovui, a vaiigly ol onalic bobavioural cliangos ranging Irom 
somoisaulliiuj, uncoordinalod movomonls lo (jporcular gar.ping, dullness and dcalh woro obsorved 
in Iho lost fir.h will) incroacing conconlralions ol y-BI IC and pciiods ol exposuro. Tho skins o( Iho 
lost fiel) woio also obsoivod lo bo daikcr ( i colooi Ihao lliosn ol Iho conliol fish. AI all Ihe 
conconlialions ol y-BHC, morlalily was nol rcuprdod in Iho rirsl lwo honrr. ol oxposnre excopl in Ihe 

• 200ppm gioup, where .1(5%) fish died (Fable I). However, morlalilies woro rocordod Irom 2 hours 
and abovo, or.pocially will) highor conconli.'lliqns ol y 131 IC. such Itial by Iho I)"', 1b"' and 24lh hour, 
40% moilalily was mcordod in nach ol lanks will) ?00ppm. l.SOppni and HlOppm conconlralions ol 
y - lil l^ , luspoclivüly. I3y Iho ü"' hour. a total pl 12(60%) ol Iho losl Fish in 200ppm ol y-BHC havo 
diod compared lo 6(30%), 2(10%) gnd 2(10%) in 15Cppm, lOOppm and SOppm, rcspcclively None 
of Iho fish in 200ppm y-BI IC survived beyond 24 houis (Fable 1). All Ihoso Klidings show Ihal y- 
BHC is very loxic lo O. nilolicus, and Ibis is n aymomcnl will) provious ropoils on Ihe ellecls ol 
chlorinalcd hydrocarbons on aqualic and lormslrial launa (Camoioon, 1945, Claike and Clarko, 
1978; Bull, 19U2; I orry, 1987). *  ,

Tablb 1 Mcitalily patlorns of Orcochr^/nis niln ticus  al dilloicnt conconlralions and 
 ̂ ej;posuro times lo y-BHC

Concrn iia linn of --------rwn— l-poriod of*«xposuro (hours)
y-BHC (ppin) 1 2 ' 4 8 16 24 48
P 0 0 0 0 0 ■ 0 0
50 • 0 0 0 (10)* 4(20) 0(30) 8(40)
100 0 0 ü 2(10) 5(25) 8(40) 5(25) •
150 * 0 0 2(10) 4(20) 8(40) . 4(20) 2(20)
200 0 1(5) 3(15) 8(40) 6(30) 2(10) -

‘ numbor ol dend Fish (% ol lotal).

*
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Tho valuos ol haomatological paramolcrs and plasma proloms j^e wuhin Ihe normal rango for 
heällhy Orcoc/iromis nilolicus (Tablo 1) (Adodtsji o t d , 2000) i ho losl fish oxhibiled progressiv© 
polycylhnnmin (incroar.od PCV and RBC valuj'1'.) and mcuinsud llb conconlialions and lolai and 
dilforonlial plasma prdein lovols wilh incioar.iijy ronrnnlialioiir. ol y Hl IC, suggosling progrossivo 
dohydrnlion nl Ihn lor.l rir.li whioh inay Im inlnlg.l Iohiglmr ionic slmnglh ol walor conlaining y-DIIC 
Ihan Ilm mlnmnl miliou ol Ilm losl fir.li lliis |ii luin inay Inad Io polydypsia in tho losl fisli and 
ovonlnal diinkiiKj ol moio waloi conlaining y-lil|C

Plasma biocbcinical changcs in losl fish indudg hypemntrnomin, docioascd plnuma calion (CI and 
(ICO?) conconlinlion, liypoglycaomia and inmeasod plasma lovols ol ALP, AST and ALT wilh 
incronslng concontralion ol y RI IC and poiiod ol oxposuro ol losl fish (Tablu 3) Tho increases in 
plasma N .r conconlialion and onrymo Involr. may Im lolnlivo bocauso ol Iho dohydralion (Kramer, 
1909) llownvor, hnomoconconlialion will prpmwlo sluggish vaxulm  blood llow wilh tospllanl 
incioaso in lilood colls Io vasculnr wall cor\lar.l, dissominalod mlravasculat coagulalion and 
ischacmia

Apart Irom Iho (acl Ihn! y-BHC is polontijilly loxic in poull.y and ollmr ammals causing 
hnomoiilingin and nouotic losioii? in Iho iiiloslin,i!' and livm (Clnikn and C.laikn. 1070), loss ol vilai 
nniun. and n.ilion: Imin lim losl lish will causn |Jnian(jomunls in homooslaas, loss or deiangeme(il 
ol vilal lissuo lunclions and evenlual dealh (Kar.eko, 1989; Jubb ol al.. 1995)

Death ol lost fish occurrod oarliost in the highosl conconlralion ol y-OI-IC (200ppm) and morlalilies 
meruasod wilh incioasing conccnlrolion ol y-DRC and periods ol axpostiro Poslmorlem lasions 
observed mcludo haemoirhagic and necrolic er^lenlis and myocardilis, hcpatocollular dogenoralion 
and nocrosir. and non-suppuralivo meningoon^cphalilir. The maniloslalion ol crralic behavioural 
palloms, nspociaily Ihoso rolalod Io movoi(ionls and rolloxos may bo allribulablo Io body 
biochomical doiangomonls as weil as cardi^c hepalic and conlral neivous syslem lesions 
observed al poslmoilorr, (Robbins cI al., 190j1; Ogunsnnmi ol a l , IQO'Ia.b, Fadina el al., 1999, 
Oyolosn c! >'<l, 1999). Tho cnloiic losions may navo boon oxpicssod ns poor lood consumplion 
and gicwli. i..lo il lim fisli lind (ivocJ lomjci lor (hoso nlloets lo bo manifoslod This implies Ihal at 
voiy inuch lowor conconlralions ol y-QIIC, bul wilh Pnlinuous consumplion, growlh, reproduclive 
poiloinianr.il and Um gonoial hoallli condilmn ol (im oxposod fish may bu jaopntdbed. Bocauso ol 
Ihn [to i r i i ' i ly  loi long Imin oxpiymio al low dosos as may Im Ilm caso in Iho onvironmenl, 
bioacconuilalion ol y-BHC in tho lissue ol such fish will occur and Ihis will sorvo as a sourco ol low 
insidiour. poisoning in l'io lood cliain.

II is concluded Irom -Itiis study Ihal y-BHC i(, vory loxic lo 0. nilolicus, causing sovoro acuto 
dohydralion, liaomoccnconlralion, otgan damauo and dunlli I lonco, il is suggostod Ihal tho use ol 
y-BHC, ospocially in iho tiopics bo propcily qpd sliictly conliollod and rcgulaled by approprialo 
logislalion in order 'o piovenl ils bioaccumulatiqp in Iho onviionmonl and iiiiminonl disaslrous ollecl 
on Iho lood cliain rndtho ocosyslom.
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rac re  z: Haematology and plasijfä protein values of Oreochromis n ilo tzu s  exposed tc different concentrations of y-BHC

Concentratic 
n 0i y-BHC
(ppm)

PCV
(%)

Hb cohc 
(S'dl)

RSC 
cour.ts 

M  0*/yrj

MCV
(fl)

M -r-c TP 
(S«0

ALS (s/cf, GLOB
(g/dl)

AOI

0 2‘ 2=1 5* a.öiO.S3 1 5=0 2= 142.6=2.3* 4C -:=: 3* 3.8=0 5 1.3=0 3= 2.5=0.2* 0.52=0.2*

50 22.2=0.? 9.4* 1 2 = 15=0.1* 122.2=3.1* 40 5=2 4* 4 3=0? 1.4=0 4= 29=0.3= 0.43=0 4*
100 25 '=1 r- 11 2=0 3= 2.1=0 ? 122.4=2 ? 43 5=2.5» 4 9=0 3= 1 7=0 3» 3.2=0 4* 0.53=0 2*
150 2t 5=0 3= 12.1=0 6* 2.5=0 1* 107.9=4 2= 45C=S £>* 58=1 ? 1.9=0.4» 39=0.2* 0.49=0.4*
200 2* 5=0 3* -.3 -1=0 2= 2 c=ö 5* 98.2=3.1* 4.3 5=2 5* 6 3=1 1* 2.2=0 3* 4.1=0.5* 0.54=0 6*

ua.a presentsu'ys ="t>ieinJe!u a  1 un -wr-nuscr.
n=15 for samples at C 50 and TOOppm; whüe n=12 and 9 for samp-es at 150 and 20Cppm. respectively. 
Means alcng the sarr-, c d ’.-Tsr w:!!' different super Scripts differ sign r  santly (P<C.05). <;

• . . : >
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Table 3: Ptasma biochemistry of Oro-x-hromh nilotfcus exposed to different concentrations of y-BHC

C o c o 'f t r  N a*- 
atxsn c f  (mMcfl)
r -8 H C  

so rn

k *
(rt-U d f)

o
(m M d !)

H C 0 3
(m M cil)

C * ~
JmMcM)

P 0 4
(m W
ofi;

U rea
(m ^ d !)

C rea t
(m g/dl)

A L ?  
. (>LM)

A LT
(lU rl)

A S T
(IU>1)

G 'u c cse
M g M I

£ 124 5 4 2 151 5 3 0 5 3 5 4 5 10 5 0 7 75 0 3 5  3 13 3 36 3
» i r 3  5* = 5  2* * 3  1* : 0  3* = 0  2 2O 5* 2 0  1* = 2 •» = 3  1* = 0  3* • 4  : •

50 126 2 4 4 123 2 2 5 2 9 1 4  1 . 10 4 O.6 2 iS  3 4 3 7 3 0 .0 = 2 2
* 0  S* * 1  2 * =2.5=> =  1 1» - 1  4* = 0 4 2O 1* 0 1* 2 6  5 ’ 2 5  2 = = 2 . 2 * = 3  P

- - 1 * ; - > s 23 4 5 4 4 9 10 7 0 7 135 2 59 3 47 0
) «

5ö 0
•'s = 0  5* . ■*_  1 c 3- r 3  1* 2  -0 4 2 0  5* 2 O 2* 2 : 3 5 * = = 2  9= i 2 5 : ± » .3 f

. j ö  7 - ^ « 52  5 2 1 9 3 5 4 : 1 1 2 0 8 • • 2 ? 53  4 51 9 4 4 3
t 2.r - • * •< = 5  4= = 0  5= r 3  3* 2 0  4 2 O 1* = 9 2* =  2 4* = 3  4 ’ =  1 4> = 2 . 7 -

: : o 162.1 J » . 2c  0 19 2 z s •  -< 1 0 9 0 7 * 2 0  4 74 3 5 3 1 4 2 .5
= 3 5 * o :■ r  * 5 - =  1 2 ' =•3 3 * 2 0  5 2 I 2 J 2 0  2 * =  :5  5* = 3  7* 2 * = 3  £5

'D ata  presented as -e a n  ± Standard errcr c* ~ean
-=15 fcr sampies a t 50 and lOOppn; whiia n=12 and 9 fcr sarr.z es at 150 ar.c 
Vsans along (he s a re  cdum n vvith difrerer: superscripts differ s.gniücant!'/ (P<C.

escectiveiy.
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