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On  th e  b as is o f re se a rc he s o f wh it ef ish  p at ho l og y  a nd  c o n ce n tra tio n s o f me ta ls (Ni, Cu , Zn , Co ,  M n , S r, Al )
in  its  o rg a ns,  wh ic h  h av e  b e e n c a rrie d  o u t fo r th e  la st 2 0 y e a rs in  Ko l a P e ni n su la  la k e s su b je c t in  v a rio u s
d e g ree  to  in flu e n c e  o f th e  e missi o ns a nd  wa ste w at e rs o f min in g  a nd  me ta ll urg ic a l e n te rp rise s, th e  d e -
p e nd e n c es  o f me ta l a c c umu la ti on  a nd  p at ho l og i es o f wh it ef ish  fro m to ta l a nd  mo b ile  c o n ce n tra tio n s o f me ta ls
in  se d ime n ts we re  d e te rmin e d . W h ite fis h is c h o sen  a s te st-o rg a n ism b e c au se  it is b e nt ho p h ag e  a nd  fin a l p ar t
in  fo o d we b  o f me ta l a c c u mu la tio n  fro m wa te r c o lu mn  a nd se d ime n ts, a nd  its  sta te  is g o o d in d e x o f la k e  wa te r
q ua li ty .
T he  h ig h es t a c c umu la tin g  a bi lity  in  re la tio n  to  Ni a nd  h ig h  c o rre la tio n  wi th  to ta l a nd  mo b ile  c o n ce n tra tio n s
o f th is e le me n t in  se d ime n ts h as  b e e n n o tic e d  in  th e  mo st fu n c tio n al ly  imp o rta n t wh it ef ish  o rg a ns - k id ne y ,
liv e r a nd  g ill s. It c a n b e  th e  g o o d in d ic a to r o f p o llu tio n  o f su rfa c e  wa te rs b y  th is me ta l.  T he  le v e ls o f d ise a se 
in c id e nc e  o f wh it ef ish e s a re  in  tig h t d e pe n d e nc e  o n  to ta l a nd  mo b ile  c o n ce n tra tio n s o f Ni in  se d ime n ts. S in c e
v a lu e o f to ta l c o n ce n tra tio n  o f Ni 2 00  µg /g  d ry  wt . in  se d ime n ts th e  p e rc en ta g e  o f d ise a se d fis he s is sh a rpl y
in c re a sed . W ith  in c re a sin g to ta l a nd  mo b ile  c o n ce n tra tio n s o f Cu , Zn  a nd  Co  in  se d ime n ts th e re  a re  d e -
c re a sin g c o n te nt s o f th e se  h e av y  me ta ls in  th e  fu n c tio n al ly  imp o rta n t wh it ef ish  o rg a ns,  th a t is c a use d  b o th 
fe a tu re s o f me ta l me ta b o lis m a nd  a nt ag o n isti c  in te ra c tio n  wi th  o th e r e le me n ts, fir st o f a ll –  Ni. 
T he re  is a  lo t o f d at a,  sh o win g  a nt ag o n isti c  in te ra c tio n s b e twe e n  Ni a nd  Cu , e x pl ai ne d  n o t o n ly  b y  c o mp e ti-
tio n  fo r c o mmo n  p ro te in -c arr ie rs, b ut  a lso  b y  a bi lity  o f Ni to  re p la c e Cu  in  v a rio u s c e ll o f me ta b o lite s.  T he 
c o n te nt s o f Cu  in  g ill s we re  in c re a sed  wi th  in c re a sin g c o n ce n tra tio n s in  se d ime n t. T he  h ig h es t c o e ffic ie n t o f
c o rre la tio n  wi th  th e  mo b ile  fo rms o f Cu  is p ro ba b ly  c o n ne c te d  wi th  th e  fa c t, th a t d ur ing  c o n sum pti o n o f
b e nt ho s b y  wh it ef ish , p ar tic le s o f se d ime n ts p o llu te d  b y  Cu  se ttl e  o n  g ill s, a nd  th a t h ig h es t c o n ce n tra tio n s o f
d isso lv e d  a nd  su sp e nd e d  fo rms o f me ta ls,  in c lu d ing  Cu , a re  in  n e ar-b o tt om  wa te r la y e rs. S in c e v a lu e o f to ta l
c o n ce n tra tio n  o f Cu  1 00  µg /g  d ry  wt . in  se d ime n ts th e  p e rc en ta g e  o f d ise a se d fis he s is sh a rpl y in c re a sed .
T he  c o n ce n tra tio n s o f Zn  a nd  Co  in  o rg a ns o f wh it ef ish  a re  in  wi de  ra n ge .  Zn  a c c umu la te s in  th e  h ig h es t
a bs ol ut e v a lu es  in  c o mp ar iso n wi th  o th e r in v e stig a te d  me ta ls,  d e spi te  o f its  lo w er c o n te n ts in  se d ime n ts,
p ar tic u la rly  in  p o llu te d  wa te r a re as.  T he  d e c rea se  o f Zn  c o n te nt s in  o rg a ns o f wh it ef ish  wi th  in c re a se o f
c o n ce n tra tio n s in  se d ime n ts is n o tic e d , th is d e pe n d e nc e  is e sp e ci al ly  fo u n d fo r th e  o rg a n wi th  th e  ma x ima l
c o n te nt s Zn  - g ill . In  th e  wh o le  d e pe n d e nc e  o f th e  c o n te nt s o f Zn  in  g ill s a nd  k id ne y s re min d s d istri bu tio n  o f
Cu  in  k id ne y s o f wh it ef ish . It is p o ssib le  to  e x pl ai n it b y  a nt ag o n isti c  in flu e n c e  o f Ni o n  Zn . Zn  stre n g th e ns
to x ic ity  o f Ni a nd  Cu , wh ic h  p o llu te d  su p erf ic ia l wa te rs o f re g io n . T he  d istri bu tio n  o f Zn  in  o rg a ns o f
wh it ef ish  fro m z o n es p o llu te d  b y  wa ste w at e rs o f th e  min in g  a nd  me ta ll urg ic a l e n te rp rise s is sim ila r to  Cu :
wi th  in c re a sin g c o n te nt s o f me ta l in  se d ime n ts its  a c c umu la ti on  in  th e  v ita l is re d uc e d . At  th e  sa me  tim e , th e 
d istri bu tio n  o f c o n ce n tra tio n s o f Zn  n o t a lwa y s c o in c id es  wi th  th o se  fo r Ni a nd  Cu , th e re fo re  d o e s n o t c o me  to 
lig h t o f p re c ise  d e pe n d e nc e s o f d ise a se  in c id e nc e  o f wh it e fis he s fro m c o n ce n tra tio n  Zn , a s it wa s n o tic e d  fo r
Ni a nd  Cu . T he  e x c ep ti on  is d e pe n d e nc e  o f d ise a se  in d e x o f fis he s fro m mo b ile  c o n ce n tra tio n s o f Zn  in 
se d ime n ts (r= 0 .5 5) .
Co  a c c umu la te s in  th e  lo w est  a bs ol ut e v a lu es  in  c o mp ar iso n wi th  o th e r in v e stig a te d  me ta ls,  a s we l l a s Co  h as 
th e  lo w est  c o n te nt s in  se d ime n ts. T he  d e c rea se  o f th e  c o n te nt s o f Co  in  wh it ef ish  o rg a ns wi th  in c re a se o f
c o n ce n tra tio n s in  se d ime n ts is n o tic e d , th is d e pe n d e nc e  is e sp e c ial ly  o b se rv ed  fo r th e  o rg a n wi th  th e  ma x i-
ma l c o n te nt s o f Co  - sk e le to n . In  th e  wh o le  d e p e nd e n c e o f th e  c o n te nt s o f Co  in  wh it ef ish  o rg a ns re min d s
d istri bu tio n  o f Cu  a nd  Zn . It is p o ssib le  to  e x pl ai n it,  a s we l l a s in  c a se  o f d istri bu tio n  o f Cu  a nd  Zn ,
a nt ag o n isti c  in flu e n c e  Ni o n  Co .  S in c e v a lu e o f to ta l c o n ce n tra tio n  o f Co  3 0 µg /g  d ry  wt . in  se d ime n ts th e 
p e rc en ta g e  o f d ise a se d fis he s is sh a rp ly  in c re a sed . Co e ff ic ie n ts o f c o rre la tio n  o f d ise a se  in c id e nc e  o f wh it e -
fis he s wi th  th e  c o n te nt s o f Co  in  se d ime n ts h av e  ra th e r h ig h  v a lu es  (r =  0 .4 3– 0 .5 0 ). T he re fo re , it is p o ssib le  to 
sp e ak  a bo u t in flu e n c e  o f in c re a sin g c o n te nt s o f Co  o n  fis he s, in  c o mb in at io n wi th  in c re a sin g c o n te nt s o f Ni
a nd  Cu  th is n e g ati v e in flu e n c e  sti ll a mp lifi es .
T he  in flu e n c e  o f th e  in c re a sin g c o n ce n tra tio n s o f Ni,  Cu , Zn  a nd  Co  in  se d ime n ts o n  wh it ef ish  sta te  u nd e r
wa te r p o llu tio n  b y  a  n um be r o f me ta ls c o n du c ts to  in c re a sin g d ise a se  in c id e nc e . T he  c o rre la tio n s o f wh it ef ish 
d ise a se  in c id e nc e  wi th  mo b ile  c o n ce n tra tio n s a re  h ig h er  (r =  0 .5 6– 0 .8 5 ), b ut  e v e n wi th  to ta l c o n ce n tra tio n 
th e y  a re  su ffic i en tl y  h ig h  (r =  0 .3 4– 0 .8 5 ). Co m bin a tio n  o f in c re a sed  c o n ce n tra tio n s o f Ni,  Cu , Zn  a nd  Co  in 
wa te r a nd  se d ime n ts fo r fis he s a re  mo re  to x ic  in  ma n y  tim e s, th a n e a c h e le me n t se p ara te l y. 
M a ng a n e se  a c c umu la te s in  o rg a ni sm o f fis he s in  th e  h ig h er  a bs ol ut e v a lu es  th a n Ni a nd  Cu , b ut  in  v a lu es 
th a n Zn , in  sp ite  o f th e  fa c t th a t th e  c o n ce n tra tio n s o f Zn  in  wa te r a nd  se d ime n ts a re  u su all y  mu c h  lo w er. 
T he  d istri bu tio n  o f M n  in  wh it ef ish  o rg a ns fro m its  to ta l a nd  mo b ile  c o n ce n tra tio n s in  se d ime n ts d iffe rs fro m
th e  e a rlie r c o n sid ere d  me ta ls − fro m to ta l h as  n e g ati v e d e pe n d e nc e , fro m mo b ile  − p o sitiv e . T h e re fo re , it is



p o ssib le  to  c o n cl ud e  th a t th e  a c c umu la ti on  o f M n  in  wh it ef ish  o rg a ns is d e te rmin e d  b y  c o n ce n tra tio n  o f th e 
mo b ile  fo rms in  se d ime n ts. It is a c c ep te d  to  c o n sid er M n  a s n o t v e ry  to x ic  e le me n t fo r wa te r b io ta . T hi s a lso 
p ro v es  b y  o u r in v e stig a tio n s –  p ar ame t er s o f d ise a se  in c id e nc e  o f wh it ef ish  h av e  n e g ati v e c o e ffic ie n ts o f
c o rre la tio n  (r =  – 0 .2 0… – 0 .4 6)  wi th  to ta l a nd  mo b ile  c o n ce n tra tio n s o f M n  in  se d ime n ts.
In  z o n es o f in flu e n c e  o f min in g  a nd  me ta ll urg ic a l e n te rp rise s a nd  in  te rrit o rie s o f n atu ra l stro n tiu m g e o -
c h e mic a l p ro v in ce s o f th e  Ko l a P e ni nsu la  th e re  is a c c umu la ti on  o f S r in  a ll v ita l o rg an s o f fish . S r is a ble  to  b e
a cc u mu late d  in  a ll sy ste ms o f fish  o rg an s, in  ma xim um q ua nt itie s − in  a  sk e le to n . T he  p at ho l og i es o f o ste in e 
(sc o lio sis ), in frin g e me n t o f p ro c es ses  o f d e v el o pme n t a nd  p ar ost o sis o f b ra inp a n  (o ste o p o ro sis) a re  c o n ne c te d 
wi th  d e v el o pme n t o f su ffe rin g  fro m g ra v el . In c re ase d  c o n ce n tra tio n s o f S r in  wa te r a nd  se d ime n ts a nd  its 
a c c umu la ti on  in  th e  v ita l fis h o rg a ns a re  c o n ne c te d  to  re p la c em e nt o f sa lts o f Ca  b y  o th e r e le me n ts, in  th is
c a se  S r. T he  re lia b le  d e pe n d e nc e s o f th e  p e rc en ta g e  o f d ise a se d fis he s fro m to ta l c o n ce n tra tio n s o f S r in 
se d ime n ts a re  re v e al e d. 
T he  p re c ise  d e pe n d e nc e  o f a c c umu la ti on  o f Al  in  wh it ef ish  o rg a ns (li v er , sk e le to n , g ill s) fro m th e  c o n te nt s in 
se d ime n ts is re v e al e d.  T he  in c re a sed  c o n te nt s o f Al  in  wa te r,  su sp en d e d  su b sta nc e s a nd  se d ime n ts is ma rk e d
in  z o n e o f in flu e n c e  o f wa ste w at e r o f a pa ti te  in d ust ry , wh e re  th e  c o n ce n tra tio n s o f Al  in  g ill s a nd  sk e le to n  o f
wh it ef ish  in  te n s tim e  a re  h ig h er  in  c o mp ar iso n wi th  o th e r la k e s. T he  p e rc en ta g e  o f d ise a se d fis he s is g ro win g 
u p wi th  in c re a sin g to ta l c o n ce n tra tio n s o f Al  in  se d ime n ts. T he  a pp re c ia b le  in c re a se o f d ise a se  o c c urs  a t
e x c ess  o f to ta l c o n ce n tra tio n  o f Al  in  se d ime n ts u p to  v a lu e 2 50 0 0  µg /g  d ry  wt . (2 .5  % ).
T he  re su lts o f in v e stig a tio n s o f n at ura l o b je c ts (re se rv o irs) , in  a  v a rio u s d e g ree  su b je c t to  a nt hro p o g e no u s
in flu e n c e , fo r d e fin itio n  o f v a lu es  o f a llo wa b le  c o n ce n tra tio n s o f me ta ls in  se d ime n t, in flu e n c e  o f me ta ls o n 
th e ir a c c umu la ti on  in  o rg a ns,  d ise a se  in c id e nc e  o f wh it ef ish e s we re  u se d.  T he  c o n te nt s o f me ta ls a nd  th e ir
c o mb in at io ns  in  wa te r,  su sp en d e d  ma te ria ls,  se d ime n ts in  th e se  re se rv o irs a re  in  wi de  ra n ge ,  th e re fo re  it is
d iffi c ult  wi th  a  h ig h  p ro b ab il ity  to  se p ara te  in flu e n c e  o f e a c h me ta l o n  wa te r b io ta . Ne v e rth e le ss, th e 
su p erv i sio n o n  n at ura l re se rv o irs is a dv a n ta g e  b e fo re  o th e r e x pe ri me nt s wi th  wa te r b io ta . T he  u ni qu e  d at a
o n  a nt hro p o g e n o us lo a d in gs a nd  re sp o nse  o f wa te r b io ta  o n  th is in flu e n c e  a re  re c e iv e d.  T he se  c a n b e  u se d fo r
d e v el o pme n t o f th e o re tic a l b as es o f a n e stim at io n o f a nt hro p o g en o u s in flu e n c e , its  re stri ct io ns  a nd  re d uc t io n. 


