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Types of i n j u r y .  These  n a y  be c l a s s i f i e d  as 

mechan ica l  and p h y s i c % o g i c a l ,  t h e  l a t t e r  be ing  f u r t h e r  

d i v i d e d  i n t o  t h e  e:f:r'ects 02 a n o x i a ,  and  of  t o x i c  materials. 

? lec i lanica l  i : ~ j u r i e s ,  whether  caused by iliotion of  t h e  

c o n t a i n e r ,  t h e  w a t e r ,  o r  t h e  f i s h ,  a r e  g e n e r a l l y  

c o n t u s i o n s  and  a b r a s i o n s  caused by c o n t a c t  w i t h  t h e  w a l l s .  

.Anoxia. Eay be  caused by an i n a d e q u a t e  oxygen s u p p l y ,  o r  by 

nechani .ca1 o b s t r u c t i o n  02 t h e  g i l l s  by SuciLs, d e t r i t u s ,  

f e c e s ,  o r  r e g u r g i t a t e d  fooii .  Anoxia can  a l s o  be caused 

by warming of t h e  w a t e r ,  o r  e x c e s s i v e  a c t i v i t y  o f  t h e  f i s h .  

These :Ereq.uently go t o g e t h e r ,  a n d  i n t e r a c t  t o  worsen 

t h e  s i t u a t i o n  1141. Toxic ,  e f f e c t s  may be caused by ca rbon  

d i o x i d e ,  a m ~ o n i a  and o t h e r  -groi.ucts G% ,%e tabo l i sm;  s u b s t a n c e s  

-poduced by  b a c t e r i a l  a c t i o n  upon m e t a b o l i c  p r c d u c t c ,  

f e c e s ,  a.nd i e t r i t a l  m a t e r i a l ,  ( s l i n e ,  a b r a d s d  s c a l e s ,  e t c )  ; 

a.nd by m e t a l l i c  i o n s  o r  o t h e r  m a t e r i a l  p r e sen t  i n  t h e  

wa te r  cr d i s s o l v e d  froin t h e  c o n t a i n e r .  

The E o l l o w i r ~ g  d i s c u s s i o n  i s  primarily concer~:ed 

w i t h  t a n k  t r a . n s p o r t  02 C i s & ,  and  o n l y  i n c i d e n t a l l y  wi th  

o t h e r  :aeans. 

. * c~iiiechanical i z l j u r i e s  can  be reduced by a . p p r a p r i a t e  

d e s i g n .  Ls rge  t a n k s  a r e  u s u a l l y  ba f2 l ed  o r  o t h e r w i s e  

( iesigacd t o  13re-ven.t s l o s h i n g  [ 2 5 ;  421. Ir, soae cases a 

j e t  of :'water i s  u s e d  t o  ;-ilain"cia a c i r c i l l a t i o n ;  a c t i ve  

s p e c i e s  nay  t h u s  b e  induced t o  o r i e n t  "L~ernselves t o  

inainta.in p ~ s i t i o r a  i n  t h e  water [ 2 3 ;  4 2 ;  9 9 7 .  



j3ai"l~oats o f t e n  ha,~re a l i g h t  over  tine t a n k s  t o  promote 

" b a l l i n g "  o:E t h e  f i s h  [ 6 3 ,  p. 9 3 ,  Tile a p ~ ~ l i c a t i o n  of 

t h e s e  t e c h n i q i ~ e s  t o  t h e  t r a . n s p o r t  of s a l m o n i d s  sem21.s 

cloubrful ,  e s y e c i a l l y  where c o l d  o r  d r u g s  a r e  used t o  

reduce a c t i v i t y .  Groves ( p e r s o n a l  coinriiujzicationj u s e d  

k / 4  inch n e o p r e n e  f0a.m l i n e r  f o r  a t ank  t o  h a u l  adul-: 

salm-an a t  t h e  :vjontliake S e l ~ a v i o r  L a b o r a t o r y ,  Bureata of  

!:omi?~crciaL F i s h e r i e s ,  S e a t t  Le, Ti2.e n e c e s s i t y  o f  r r :a intaining 

iow temperatures  f o r  t h e  t r a n s p o r t a t i o n  of  s a l n o n l d s  i s  

wel l -known.  S u i t a b l e  i n s a l a t i o n  [ 3 ;  65 ,  F .  8 j  will ~ f e e n  

eliirilnate o r  r e d u c e  neesl f o r  refrigeration a n  S~GI - t  h a u l s ,  

and i s  essem~tial  t o  e . i " f ic ien t  ~ p c r a t i o n  o f  r e f r i ~ e r a t e e t l  

- 7 t a n k s  a n d  t o  conservvra.tion o$ i c e .  ~ i ? e  czfece of c o l d  i s  

t o  reduce  a c t i v i t y  d i r e c t l y ,  IQ lower  t h e  m e t a b c l i c  r a t e ,  

and a s s i s t  i n  conservation of  d i s s o l v e d  o x y g e n .  

I t  i s  u s u a l l y  n e c e s s a r y  t o  r e p l e n i s h  t h e  oxygen 

s u p p l y ,  e i t h e r  by a i r  o r  pu re  a x y g e n .  Severa,,l :nethoii;is 

a re  a v a i l a b l e .  Sp ray  a e r a t i o n  i s  v e r y  cormon [ Z 5 ;  6 3 ,  

2. 1 2 ;  651 bt1.L zmay b e  ine2Eic ien"Lin  i2roillloting p rope r  

c i r c t x l a t i o n .  T l ~ e  a c t i o n  02 b a f f l e s  and screen  depe.nds 

upoil movcinel-it r;E t h e  w a t e r  t o  b r e a k  i t  u;;=- and expose i t  

t o  x.?:e a i r .  A screen say be u s e d  LG E u ~ t h e r  b reak  up a 

s p r a y  j e t  [iDS]. V e n l u r i  a e r a t i o n  sys ten ls  are  useu o n  

l a r g e  E i s h  t r a n s p c r t  t a n k s  [ 2 5 ;  4 2 ;  05,  12. i3], S ~ r a y  aild 

'+en-cnri n e t h o d s  or' a e r a t i o n  may cause e x c e s s i v e  foaming ,  

I] gi;] which may be increszsed b y  slime f r m  t h e  f i s h  2nd by 



4 

so~rlt? n a r c o t i c s  [ 3 3 ]  . O r g a n i c  a n t i - f o a m  compounds have 

b e e n  u s e d  "60 c o t l n t e r a c t  th is  i52 ;  '331. Compressed g a s  

L i b e r a t i o n  is  p e r h a p s  t h e  n o s t  wide ly  used t e c h n i q u e .  [ 6 4 ,  

p .  1 3 ;  2 5 ;  3 7 ;  7 1 1 .  Tile g a s  i s  u s u a l l y  p u r e  oXygci2, d i . f f ' a s ed  

th roueh  a p o r o u s  b l o c k  o r  a p e r f o r a t e d  p i p e .  An u n u s u a l  

c o m b i n a t i o n  o f  t h i s  p r i n c i p l e  w i t h  t h e  a i r  L i f t  pump i s  

d e s c r i b e d  i n  r e f e r e n c e  6201. A g i t a t o r s  o p e r a t e  by c r e a t i n g  

"I - a. v o r t e x  i n  which a i r  i s  mixed w i t h  t h e  ih;ater. l h e y  2 roduce  

a. c u r r e n t  of wate r  which   re motes u n i f o r m  d i s t r i b u t i . o n  

[63, p. 15 ;  961 .  

F i s h  s l i ~ l i e ,  r e g u r g i t a t e d  f c o d ,  p e r h a p s  f e c a l  

m a t e r i a l  and d e c i d u a t e d  s c a l e s  promote t h e  a c t i v i t y  of  

b a c t e r i a  1 ~ h i c h  m y  r e d u c e  oxygeii c o n c e n t r a t j . o n .  

Idodern h,atche!?;y p r o c e d u r e  [ 6 3 ;  721 u s e s  a ri ioderate 

s t a r v a t i o n  p r e v i o u s  t o  t r a n s p o r t  to minimize  r e g u r g i t a t e d  

food .  F i l t e r s  e f f e c t i v e  encugh t o  renovc a l l  o f  t h e s e  

m a t e r i a l s  do  n o t  seem tc b e  i n  u se ;  t h o s e  t h a t  have been 

3 .  t r i e d ,  t h o ~ g n  ~ n e f f  i.cier:%, were c o n s i d e r e d  v a l u a b l e  [ 2 5 ]  . 
A % o r e  e z f i c i e n t  f i l t e r  h a s  been t e s t e d  [ 6 1 ,  p. 181 , ail& t h e  

problem d e s e r v e s  c a r e fu l  t h o u g h t  i n  i e s i g ~  of Re:$; f i s h  

L ~ r a n s 2 o r t  u n i t s .  



Another  a p p r o a c h  t o  the oxygen p rob l cn  is t h a t  

oE r e d u c i n g  a e t a b o l i s m  b y  d r u g s  [ I ;  4 8 ;  4 9 ;  S O ] .  Soae 

of t h e  4 r u g s  t h a t  have been used  a r e :  Sodium amvtai -- r' 
[ 2 2 ;  6 2 ;  68 ;  6 9 ;  7 5 ;  821 ; i t  i s  n o t  e f f e c t i v e  i n  h a r d  o r  

s a l i n e  'watsr [48 ;  49 ;  64)  becaase i t  i s  i n h i b i t e d  by 

c a l c i ~ r r ~  i o n ,  ?d!S222 ( t r i c a i n e  !;2ethan.nesillf i n ~ " . " ~ e )  [SO;  8 2 ;  105 j 

i s  q u i t e  l a b i l e  and i s  mmt rer,o:~i;eencicd [ S O ] ,  b i s " i r o v ~ s  

( p e r s o n a l  c o m n u n i c a t i o n )  has had good r e s u l t s  w i r h  i t  a t  

laid te!npera.tilres. bic;:farland [ S O ]  recoinrizcnds meti;yi 

..-. ?ara%)rnol  - ('L'lormison) t e r t i a r y  a x y l  a l c l Io l  ( e t h y l  d i n e t h y l  

c a r ' o i n o l ) ,  and c i i l o r a l  h y d r a t e .  Chleretane ( c h l c r s b u t a n o l )  

and  t r i b r c m o e t h a n s l  a r e  v e r y  pcwer:ful a n e s t h e t i c s ,  which 
." 

>dcFarland a l s o  d o e s  n o t  recommend. u r e thane ,  which was 

once w i d e i y  useci, s h o u l d  n o t  be c o n s i d e r e d ,  as  it i s  

c a r c i n o g e x i c  [L09). O t h e r  a n e s t h e t i c s ,  suck as q u i n a l d i n e  

[ 6 O ;  611 razy be of va. lue.  T r a n q u i l i . z e r s  (Reserpine,  

rau l iormine  and r a u s e r f i a )  had no e f f e c t  on th t?  oxygen 

cor:su::iiptior! 0% r a i n b o w  t r o u t  [ 6 8 ] ,  b u t  it was n o t  r e p o r t e d  

if t h e r e  1.tas a n y  e f f e c t  o n  t h e i r  a c t i v i t y  d u r i n g  t r a n s p o r t .  

[Therc s e c n s  t o  be sorile con fus ion  i n  t h e  l i t e r a t u r e  on t h e  

d r u g  x e t h y l  p a r a f y n o l  o r  Dormison. C h e x i c a l l y  it i s  

5-methyl- 1-penty11-3-CiI, al:d a p p a r e n t l y  was a l s o  r e p o r t e c i  

a s  m e t h y l  p e n t y n c i  [ 0 7 1 / ) .  



T o x i c  e f f e c t s  o t h e r  t h a n  s i m p l e  a n o x i a  nay be  

d.ue t o  c a r b o n  d i ~ x i d e  o r  t o  a i ~ l r ~ o n i a  and o t h e r  p r o d u c t s  o f  

~ n e t a b o l i s m ;  t o  t o x i c  ~ r o d u c t s  E r ~ m  b a c t e r i a l  a c t i o n  on 

such n e t s l b o l i c  p r o d u c t s ,  r 3 g u r g i t a t e d  f o o d ,  f eces ,  s l i m e  

o r  sca les ;  o r  t o  s u b s t a n c e s  p r e v j . o u s i y  i n  s o l u t i o n  i n  t h e  

water o r  d i s s o l v e d  from t h e  c o n t a i n e r .  Thc a n e s t h e t i c  

p r o p e r t i e s  o f  c a r b o n  d i o x i d e  a r e  well-known [ P b ;  30 ;  8 1 ;  

T1- 8 4 3 .  I l ~ e  e f f e c t  o f  carao l l  d . i ox ide  i i l  l o w e r i n 2  t h e  2i-i can  

a l s o  c a u s e  m o r t a l i t y  [ S l ;  1 0 0 1 .  Many w o r k e r s  have r e p o r t e d  

t h e  u s e  o:E buPf e r s .  1norgani .c  b u f f e r s  (sodium nonophospha te ,  

Na2i-1PO4] have g i v e n  C G T ~ : ~  l i c t i i l g  r e s u l t s  C 6 2 ;  8 5 ;  9 4 ;  10S.f 

when used i n  Z r e s h  w a t e r .  An o r g a n i c  b u f f e r ,  t r i s - S u f f e r  

(2-aniino-2-h>ribroxynethyl - L ,  3 - p r o p a n d i o i )  gave good r e s a l t s  

1511 i n  t r a n s p o r t  o f  t r o p i c a l  !:lsrine fish. 

The t o x i c  e f f e c t s  or' i33.irnonia and o t h e r  n i t r o g e n a a s  

w a s t e s  h a v e  been  r e p o r t e d  by s e v e r a l  workers  [ 2 1 ;  2 7 ;  7 5 1  . 
A e r a t i o n  d o e s  n o t  seem t o  b e  e f f e c t i v e  i n  r e s o v i n ~  anmonia,  

and  r e d u c t i o n  o f  n e t a b o l i s n  by c o l d  and  a n e s t h e t i c s  i s  

reco;nmendrd by one  r e p o r t  ~ 7 5 ) .  C e r t a i n  r e s i n s  have beer! 

r e p o r t e d  t o  have t h e  c a p a c i t y  o f  a.bsorbimlg anilnonia E G 2 ;  851, 

C - b u t  o t h e r s  [65]  have  had  n e g a t i v e  x ~ n d i n g s .  



3 a c t e r i a l  a c t i o n ,  b e s i d e s  r e d u c i n g  oxygen 

cor .cent ra , t . ion ,  may produce  t o x i c  s u b s t a n c e s  and ?reduce 

i n z e c t i o n s .  C o n t r o l  o f  b a c t e r i a  and Cungus during t r a n s p o r t  

h a s  been done vii.th cilerilical a g e n t s ,  a c r i : f l a v i n e ,  c a l p h ~ f i y e i n  ,, 
and te r ramycin ,  a s  w e l l  as me"Lh;rleile b l a e  t o  c o ~ . t r o l  

p r o t o z o a n  p r a s i t e s  have  beer! r lseu [ 6 l j ,  End tris-;suffer aPso  

i s  s a i d  t o  i .nhi .bi t  b a c t e r . i a i  :;rowtI? [6P] . 
; i$e ta l I i . c  i o n s  have n o t  been  r e p o r t e d  a s  z x z j o r  

soi.nrce oS m o r t a l i t y  e x c c p r  fclr z i n c  [59;  7 6 1 .  iJnder some 

c o n d i t i o n s  capFer  n i g h t  cause t r o u b l e ,  and g a l v z n i z s d  i r o n ,  

brass,  a.nd coj2per s h o ~ i l d  be r e ? l a r , cd  by a p 2 r o i 2 r i a t e  s u b s t i t u t e s .  

O the r  x e t a l l i c  i o n s  do  n o t  p re sen t  any s e r i o u s  p rob lems ,  b u t  

t h e y  s h o u l d  'be cons ic ic red  a s  a p o s s i b l e  source of  t r o z l b l e .  

F i n a l l y ,  o r g a n i c  solvents o r  p l a s t i c i z e r s  zay 

d i s s o l v e  o u t  of p a i n t e d  s u r f a c e s ;  t h e y  may be  e x t r e n e l y  t o x i c  
' - 7 -  at low c o n c e i ~ t r a t i r > n s .  I !~orough d r y i n g  and prz l i .51inary  

brashifig of t a . n k s  i s  n e c e s s z r y ,  e s p e c i a l l y  l j ~ i t h  some 05 t h e  

rimer s y f i t h e l i q  sp r ay  t y p e  p a i n t s .  
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