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m tm m m n m

I t  ha# become in c re a s in g ly  more apparen t t h a t  th e  d i s t r ib u t i o n  and 

p o p u la tio n  o f  o rg a n is e s  in c re a s e s  o r  d e c rea se s  depending upon th e  

e c o lo g ic a l  ba lance e s ta b l is h e d  between th e  organism s and t h e i r  env iron ­

ment • th e  purpose o f  t h i s  s tudy  was to  d e te rm ine  q u a n t i ta t iv e ly  and 

q u a l i t a t iv e ly  th e  d i s t r ib u t io n  o f  p lank ton  in  th e  P&tapsco M ver 'and 

i t s  t r ib u ta r ie s *  fo  ach iev e  t h i s  end, th e  p h y s ic a l end chem ical fa c ­

t o r s  o f  th e  a re a  under in v e s t ig a t io n  were s tu d ie d  and c o r r e la te d  w ith  

th e  b io lo g ic a l  f in d in g s*  The p h y s ic a l  and chem ical f a c t o r s ' considered  

were I tem p era tu re , p i ,  c h lo r in l ty ,  oxygen, carbon  d io x id e , s i l i c a ,  

p h o sp h a tes , so lu b le  I r o n ,  in s o lu b le  i r o n ,  fe r ro u s  s a l t s ,  t o t a l  i r o n ,  

n i t r a t e s  and n i t r i t e s *

The a re a  s tu d ie d  can  be d e sc r ib e d  a s  th a t  p a r t  o f  th e  Patapsco  

l i v e r  ex tend ing  from Seven Foot K noll lig h th o u se  up to  th e  H orth West 

H arbor and Middle Branch* S ta t io n s  were s e t  up a t  p o in ts  a long  th e  

r i v e r  and i t s  t r i b u t a r i e s .  The s t a t io n s ,  w e re ' a r b i t r a r i l y  d iv id ed  

in to  two c a te g o r ie s j  namely, shore  s t a t i o n s ,  which bear A rabic numbers 

and o f f  shore s t a t io n s  which bear Homan numbers ( se e  P la te  I)*  The 

sh o re  s t a t io n s  and lo c a tio n s  a re  g iv en  i n  Table X*

I t  w i l l  be no ted  th a t  th e  sam ples c o lle c te d  from th e  shore  were 

tak en  on ly  from, th e  s u r fa c e , w h ile  th o se  c o l le c te d  from th e  o f f  sho re  

s ta t io n s  were tak en  fro m -th e  su rfa ce  and a t  f i f t e e n  f e e t j  e x ce p t a t  

th o se  s t a t io n s  where th e  depth  was le s s  th a n  f i f t e e n  f e e t ,  i n  which 

c ase  th e  sam ples were tak e n  from th e  bottom* The dep th  o f  th e  

P a tap sco  l i v e r  ranges from  1 to  3S fee t*  The g r e a te r  d ep th s  a re  found 

in  th e  channel a re a s . However, in  no case  was a s t a t io n  p laced



d i r e c t ly  l a  a  main channel, s in ce  th e  passage o f  c r a f t  m ight c re a te  

c o n d itio n s  which were a t / p i c a 1# th e  f l o o r  o f  th e  r i v e r  i s  v a rie d  

ran g in g  from a  h a rd  rock  bottom t o  a  mad s o f t  bottom  ( ta b le  2)*
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XiiBm 1* Description o f Stations and locations

S ta t io n  Humber lo c a t io n

S ta t io n  1

S ta tio n  Z 

S ta t io n  3  

S ta t io n  4 

S ta t io n  5 

S ta t io n  6 

S ta t io n  7 

S ta t io n  8

S ta t io n  9 

S ta t io n  10

S ta t io n  11 

S ta t io n  12

S ta t io n  13

S ta t io n  14 

S ta t io n  I

S ta t io n  I I

S ta t io n  I I I

S ta t io n  I ?

S ta t io n  V

C hester and ll ic a a n n o  S t r e e t s ,  p ie r  
D*£. Foote Company, e aa n e rs

So a ton  and South Mnaood S t r e e t s ,  p ie r

Canton P ie r ,  P ennsy lvan ia  B a ilro ad

C olgate  Creek, o f f  b rid g e

S e l le r s  P o in t ,  o f f  m id  f l a t

Humphrey® Creek, o f f  highway b rid g e

Sparrows F e in t S h ip y ard , p i e r  1

F o r t  Howard. Veteran© H o s p ita l, p ie r  
sou th  o f  l ig h th o u se

Smith Core, p i e r

Hanover S t r e e t  B ridge , mouth of upper 
branch o f  Fatapsc© E lver

Maryland Drydock, P ie r  %

Wagners P o in t , p ie r ,  E a s te rn  Box 
F ac to ry

le a d in g  P o in t , p i e r ,  U.S. Q uaran tine  
S ta tio n

Hawkins P o in t , p i e r ,  U.S. B eserv a tio n

§0 f e e t  w est o f  #1 sp a r  bouy a t  F o rt 
McHenry

200 f e e t  sou th  w est o f  f l a s h  bouy § l7B f 
F o r t  McHenry Channel

50 f e e t  e a s t  o f w hit#  sp a r  bouy a t  
sou th  e a s t  co rn e r o f  #3 anchorage

JOO f e e t  e a s t  o f  beacon-channel le a d in g  
to  $&a and E le c t r ic  Company, S e l le r s  
F ein t

100 f e e t  sou th  w est o f  #3 sp a r bouy a t  
Bear Creek
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XAELK X Continued Description of Stations and locations

JSSKSSft'S ta t io n  Humber

S ta t io n  U  

S ta t io n  ?B 

S ta t io n  tC

S ta t io n  m

S ta t io n  VE 

S ta t io n  W

S ta t io n  VOf 

S ta t io n  VI 

S ta t io n  T O  

S ta t io n  TOX 

S ta t io n  XX 

S ta t io n  X 

S ta t io n  XI 

■Station .XXX 

S ta t io n  XIXX

6CX? f e e t  sou th  o f  s t a t e  highway draw 
b r id g e , Bear Creek

f e e t  above th e  so u th  o f  Peach 
Orchard Cove, abeam C ity  Bock

1500 f e e t  due n o r th  o f  stud f l a t  a t  
Water sedge P ark  up  B ull Heck Creek, 
mid stream

1600 f e e t  sou th  e a s t  on d ray s  Creek, 
abeam b u ild in g  on l e f t  s id e  o f  c re e k , 
a id  stream

f e e t  due e a s t  o f  r a i l r o a d  draw 
b r id g e , Bear Greek

Bear G reek, mid s tream , abeam mouth o f  
Chink Greek, o f f  sou th  e a s t  co u rse  from 
Chink Greek

200 f e e t  south  o f highway draw b r id g e , 
mid abreast o f  Bear Creek

200 f e e t  e a s t  o f  #4M P la sh in g  B e ll 
bouy so u th  o f  F o rt C a r ro l l

400 f e e t  n o rth  o f  CB F la sh  bouy,
Brewton. Channel

£ m ile  so u th  w est o f  H i l l e r s  I s la n d  
Bangs .ligh thouse

1000 f e e t  n o r th  w est o f Seven Foot
K n o ll l ig h th o u se

1000 f e e t  w est o f #?  Can Bouy, .Bodkin 
Greek

300 f e e t  sou th  w est o f #2 F la sh  bouy, 
Bock Greek

100 f e e t  n o r th  w est o f #3 Gen bouy. 
Stony Greek

200 f e e t  n o rth  w est o f 16 F la sh in g  
B e ll bouy
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TABUS I# Continued Description of Station# a ad locations

S ta t io n  mat*** In o a tlo n
t

S ta t io n  X U U ISO fo n t  e a s t  o f  #11 Can Bony, S i i t t ia  
Craek

M a t ion X II33 100 fo o t  e a s t  o f  fXJ f l e s h  Bony, S u r t ia  
Creek

S ta t io n  XI110 000 f e e t  sou th  o f h a ilr e a d  B ridge, 
t u r t l e  Greek

S ta t io n  H U D f©0 f a s t  e a s t  o f  Thomas f e i n t ,  C u r tis  
Greek

S ta t io n  XXtfft i |  m ile s  of Futrnls Greek, mid stream

S ta t io n  xxxzr X§ s i l le s  up H arley  Creek* 100 f e e t  e a s t ’ 
o f  sunken barge

S ta t io n  XI? 100 f e e t  sou th  o f  #17 F la sh  B oa/, f o r t  
Covington

S ta t io n  XV 1000 f e e t  e a s t ,  sou th  e a s t  o f f  F e rry
Bar le a eo n
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tjkBtM 2 . Depth and Bottom Composition at Stations

S ta tion . Humber  . Depth , _ , Bottom Composition

S ta t io n  1 10 f e a t Hard
S ta t io n  I I 22 f a e t Hard
S ta t io n  I I I 22 f e a t Hard
S ta t io n  I f 16 f a e t Hard
S ta t io n  ? I f  f e a t S tic k y
S ta tio n  fa 16 f e a t S o ft
S ta t io n  fB U  f e a t S o f t
S ta t io n  VC 16 f e a t S o f t
S ta t io n  fB 12 f e a t S o ft
S ta t io n  VS I f  f e a t S o ft
S ta t io n  W 16 f e e t S o f t
S ta t io n  W 12 f e e t S o ft
S ta t io n  VI 19 f e a t S tic k y
S ta t io n  VII 19 f e a t S tick y
S ta t io n  f i l l 1? f e a t Hard
S ta t io n  IX 6 f e e t Bard
S ta t io n  X 13 f e e t Hard
S ta t io n  XI 12 f e a t S tick y
S ta t io n  X II 15 f e e t Stie& y
S ta t io n  X II I M  f e a t Olay
S ta t io n  XIIIA 25 f e e t S tick y
S ta t io n  XIXIB 17 f e e t S tic k y
S ta t io n  X ltlC 21 f e e t S o ft
S ta t io n  XIXIB 12 f e e t S o ft
S ta t io n  XIXIB 12 f e a t S o ft
S ta t io n  XIXXF 12 f e a t S o ft
S ta t io n  XXV 15 f e a t S tick y
S ta t io n  XV 11 f a e t S tick y
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CHAPTER X

mum o f  ufsftAtojsB

Tem perature. In  any study  ©f t h i s  na tu re*  th e  ro le  p layed  by tem­

p e ra tu re  i s  o f  paramount, im portance. I t  has become an  e s ta b l is h e d  f a s t  

t h a t  tem p era tu re  a c ta  a s  a  c o n d itio n in g  f a c to r  r e l a t i v e  t o  th e  sea so n a l 

a s  w e ll a s  v e r t i c a l  d i s t r ib u t io n  o f  plankton# Further*  i t  i s  re p o r te d

to  In flu en c e  such a c t i v i t i e s  a s  body grow th, reproduction*  m ig ra tio n  o f  
1

some f i s h ,  etc*  Because o f these*  tem pera tu re  i s  alw ays inc luded  i n  

a paper such a s  th is *  So much d a ta  i s  rep o rte d  on t h i s  f a c to r  t h a t  i t  

would be im p ra c tic a l  to  rev iew  a l l  o f  th e  l i t e r a tu r e *  4 few p e r t in e n t  

in v e s t ig a t io n s  fo llo w :

The tem pera tu re  a t  th e  mouth o f  th e  Chesapeake Bay was re p o rte d  by 

Cowles t o  range from 4*0°C. to  2790 C .* w h ile  th e  range n e a r B altim ore
a -

was between 0 .0°C . to  2$ .0°C . The maximum tem p era tu re  o f th e  su rfa c e  

w a te rs  o f  th e  B altim ore a rea  appeared  in  August w ith  a  h igh  o f  24*8®C** 

and a  minimum o f  *3°0», reco rded  in  Jan u a ry . The h ig h e s t  tem pera tu re  

reco rd ed  from  th e  bottom w a te rs  o f th e  B altim ore re g io n  was 24.4°0* and 

*9°C* o c cu rrin g  i n  August and Jan u ary  re sp e c tiv e ly *

The se aso n a l tre n d  o f  th e  e o tu a r ln e  w aters  o f th e  Chesapeake Bay 

was c h a ra c te r is e d  by Wewco&be by a  r i s e  i n  tem p era tu re  from la r c h  t o

1
I*I*  Coker* ^ In flu e n ce  o f  Tem perature on Forms o f th e  F reshw ater 

Copepod* C yclops v e rn e le s , Fisher**, In te rn a t io n a le  Revue d e r gesamten 
R ydrobio logic  und H ydrographic. 30:411-427* 1934

2
R.P* Coweloa, «A B io lo g ic a l Study o f  th e  Off sho re  W aters o f  

Chesapeake Bay” U.S# 0 . 1. -Bureau o f  F is h e r ie s  Ball'* 1091:276-331, 1930#

/>



2*
A ugust. H is maximum tem pera tu re  feeing reached  in  th e  l a t t e r  month, 

ft)# a sc e n t in  tem p era tu re  du rin g  June and d u ly  appeared to  fee le a *  

sh a rp  th a n  in  th s  p reced ing  months* fh* deecen t o f tem pera tu r a  i s  grad* 

u a l  i n  Septem ber and much more decided  in  th e  l a s t  two months o f  autumn. 

The t u r f  so# w ater bsm perator#  i s  low er than- th e  bottom  w ater from  th s  

l a t t e r  p a r t  o f  ffsp tsm btr to  th e  second, week o f  A p r i l .  Hewcomb* found 

t h a t  a s  a p p re c ia b le  v a r i a t io n  in  tem p era tu re  could  occur w ith in  a  s h o r t  

p e rio d  o f tim e, t h i s  being a r e s u l t  o f  w a te r movement s* She g r e a t e s t  

d i f fe re n c e  betw een to p  and bottom  tem p era tu res  appear in  th e  summer* 

w ith  a  norm al d if fe re n c e  o f  3 .0 % . In  t h e i r  in v e s t ig a t io n  o f th e  d is ­

t r i b u t i o n  o f th e  phosphates l a  th e  Chesapeake Bay* lawcomfee and hang

no ted  th a t  th e  seaso n s! tem pera tu re  change* were aceoffifanleii by c o r r e s -
2

ponding change a in  c h l o r i n i t j  and d is so lv e d  oxygen c o n c e n tra tio n s .

In  th e  low er P a tapsco  l i v e r  a rea  Olson* t r u s t  and f r e e s l e r  found

t h a t  th e rm a l s t r a t i f i c a t i o n  o f  th e  w ater was n o t p re s e n t to  any a p p ra c i-
3

a b le  d e g re e | s in c e  th e  re g io n  in v e s tig a te d  was n e ith e r  s a l in e  no r deep. 

The d if fe re n c e  betw een su rfa c e  w ater and bottom w ater d id  n o t r i s e  

above 2 ,0  C* i n  summer and 4 .0  '-#* in  w in te r  * The in v e s t ig a to r s  .reported  

t h a t  th e  p o l lu t io n  f a c to r  o f  the  re g io n  wa# a f f e c te d  by th e  e le v a te d

1
0 ,1 . Sewoo&fee*' ff«A# .Herne* end 8»B* Shepherd* ^ S tu d ie s  on th e  

P h y s ic s  and C hem istry -of I s tu a r in e  l is te r s  'i n  Chesapeake lay®,* Jo u rn a l 
Mar. Saa** a « W * n 6 t 1939. '

2
C.'L. lewcosibe and A»G. bang*, *fh# B is t r ib u t io n  o f  Phosphates in  

!Ehe Chesapeake Bay®* P roc . Am, fM lo s o p h ic s l  Soc,* $15393-42®* 1939.

3
3$*A* Olson* ff.F, B rust and W«I<» f r e a s le r*  ^ S tu d ies  o f  th e  E f fe c ts  

o f  I n d u s t r i a l  .P o llu tio n  in  th e  bower Patapacc  l i v e r  Area®* CBiesapaake 
B io lo g ic a l  la b o ra to ry  P u b lic a tio n  #43* 1-40* lovmaber* if41*
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summer tem p era tu re s , c*g*# in f lu e n c e  o f decom position r a t e  o f r i v e r  

e f f l u e n t s ,  r e s p i r a to r y  and grow th r a t e s  o f  p lan k to n  and d is so lv e d  oxy­

gen Index*

th e  a i r  tem p era tu re  rem ained h ig h e r  th a n  th e  s u r fa c e  w a te r tem pera­

t u r e  o f  th e  P a tuxen t S iver from  th e  l a t t e r  p a r t  o f  January  u n t i l  th e
1

l a t t e r  p a r t  o f  dun®. O therw ise , th e  a i r  tem p era tu re s  were lower th a n  

th e  su rfa c e  water* Hash f u r th e r  re p o r te d  a  sim ultaneous d e c lin e  in  th e  

tem p era tu re  o f th e  su rfa c e  and. bottom  w a te rs  occurred., i n  e a r ly  August*

An o v e rtu rn  made i t s  appearance from  September t o  December, com plete ly  

concluding, in  la rc h *  Upstream se a s o n a l tem p era tu re  changes began sooner*

H ydroaen-Ion gone ou t r a t io n * - Hydrogen-ion d a ta  has been an impor­

t a n t  p a r t  o f  many e c o lo g ic a l  s tu d ies*  In v e s t ig a t io n s  o f  t h i s  n a tu re  

have been com prised o f  l im ite d  rea d in g s  on a  p a r t i c u l a r  body o f w a ter 

o r  more com prehensive s tu d ie s  c o n s is t in g  o f  many d e te rm in a tio n s  over a  

long p e rio d  o f  time* Comprehensive s tu d ie s  enab le  one to  o b ta in  a  

whole p ic tu r e  such a s  v a r ia t io n s  r e s u l t i n g  from seaso n a l changes* pH 

v a r ia t io n s  a re  th e  r e s u l t  o f  two p r in c ip a l  fac to r* *  b io lo g ic a l  and p o l­

lu tio n *  th e  v a lu e  o f  th e  knowledge o f  th e  hydrogen-ion  c o n c e n tra tio n  

i s  tw o fo ld , e«g*, fu n c tio n in g  a s  an index  to  env ironm enta l c o n d itio n s  

and a c t in g  a s  a  c o n d itio n in g  f a c to r  in  th e  p e r io d ic i ty  o f  phytoplankton*

Changes r e s u l t in g  from th e  b io lo g ic a l  f a c to r  a re  b rought about by 

p h y to p laak to n ic  e x t r a c t io n  o f carbon  d io x id e  from b ica rb o n a te*  d is so lv e d  

i n  th e  w a te r i n  th e  p h o te sy n th e tic  p rocess*  th e  rem oval o f  carbon 

d io x id e  from th e  w ater y ie ld s  an environm ent w ith  a h ig h e r  pH*

1
C*B* Hash, ^Environm ental C h a ra cter istic*  o f  a Bivor Estuary*1, 

Chesapeake B io lo g ic a l la b o ra to ry  P u b lic a t io n  #64j14?~174, Dec*, 1947*
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P ro cesses which tend  to  add carbon d io x id e  to  th e  w a te r such a# r e s ­

p i r a t io n ,  decom position , and th e  d is s o lv in g  o f  atm ospheric carbon 

d io x id e  i n  w a ta rf  low er th e  pH va lue  o f  th e  w ater#

fo rm a lly , th e  pH range o f  n a tu r a l  bodies o f w a ter i s  w ide, ran g in g  

tm m  a  pH o f  4 .0  to  10*0# 1 pH low er th a n  4*0 has been rep o rte d  in
1

bog la k e s  o r  lak es  from which th e  w ater i s  d e riv ed  from v o lcan ic  so u rc e s ,

Headings above pH 10*0 a re  reco rded  r e s u l t in g  from w aters  steam ing from.
; ' - 2 ■ 

v o lc a n ic  rock c o n ta in in g  sodium ca rb o n a te .

I n  c e r ta in  brown l a k e a , and, o t h e r ,la k e s  o f  n o r th e a s te rn  W isconsin*

Juday and B irge found t h a t  th e  hydrogen-ion  c o n c e n tra tio n  range was
3

approxim ately  th e  same; between 4*9 and f,%« These same in v e s t ig a to r s

and Meloehe noted an  a c id  r e a c t io n  o f th e  su r fa c e  w a te rs  o f 93 p e r  c e n t
4

©f th e  seepage la k e s  rang ing  from  pH 4*4 to  pH 9*4* th e  v a r ia t io n  

between su rfa c e  and bottom  was from 0*0 to  2*6, The hydrogen-ion

1
W*£* Jew el and H«W* Brown, "S tu d ie s  on N orthern  M ichigan Bog 

la k e s " ,  Ecology, 10 a427-475# 1929*

2
is*M* denken, "H eports on th e  Percy B laden E x p ed itio n  t© th e  

S o la  B i f i  V alley la k e s  In  Kenya i n  1929* 1 In tro d u c to ry  Account o f
th e  B io lo g ic a l Survey o f  f iv e  F resh  Water A lk a lin e  la k e s " ,  Ann.Mag. 
Hat* H is t# ,  9 i 533*553# 1932*

3
C, Juday and 2S*A*, B lrg e , ttD isso lved  Oxygen & Oxygen Consumed i n  

th e  la k e  W aters o f  N o rth ea s te rn  Wisconsin*11,  T ran sa c tio n s  o f  th e  
W isconsin Academy o f  S c ie n c e s , A rts  and le t te r ® , XXVII*415-486, 1932*

4
C* Juday , I* A* t e g #  and V.W. M eloehe, "The Carbon D ioxide and 

% dr©gen~lon C ontent o f  lak e  W aters o f N o rth ea s te rn  W isconsin", Trans* 
o f th e  W isconsin Academy o f S c ien c es , A rts  and l e t t e r s ,  29*1*32,
1935*



IX

c o n c e n tra tio n s  p a r a l le le d  th e  bound carbon  d io x id e , f r e e  carbon d i ­

oxide and calcium  co n cen tra tio n s#  4 pH rang© from 4*6 to  #*4 was
1

reco rd ed  f o r  Helmet end Qconcmiowoe Lakes re sp e c tiv e ly *

Waskealu Lake dem onstra tes l i t t l e  v a r ia t io n  in  hydrogen-ioa  con- 
Z "  ’ , . ,

c e n tra tio rw  Eawson recorded  th e  pH o f  th e  su rface  w a ter a s  app rox i­

m ate ly  &*2* He found th a t  th e  pfi o f  th e  bottom  w a te rs  in c re a s e s  in  

September w ith  th e  advent o f  th e  autum nal c i r c u la t io n  and, rem ained more 

o r  l e s s  c o n s ta n t a t  £*1»

In v e s t ig a tio n s  o f  e s tu a r in e  w aters  o f th e  Chesapeake Bay near 

Solomons Is la n d  dem onstrated  t h a t  th e  hydrogen-ion  c o n c e n tra tio n  i s  i n

d i r e c t  agreem ent w ith  th e  in c re a s in g  eh lo rin ifcy  f a c to r  found l a  th e
: . 3

more s a l in e  w aters o f  downstream* Hals same .accord  i s  found l a  th e

v e r t i c a l  in c re a s e  in  s a l in i ty *  th e  work o f  Hash conducted on th e

e s tu a ry  o f th e  P a tuxen t E lver confirm s th e  pH c h a r a c te r i s t i c s  o f  th e
4

a re a  in v e s tig a te d  by Iru a t*  Hash found th e  pH o f  th e  su rfa c e  w a te r  

i s  alw ays more a lk a l in e  th an  th e  bottom  w a te r, fhe  minimum range o f  th e

1
6* Juday , 1*4* U rg e  and ?.W, M eloehe, “Chemical A nalysis  o f  th e  

Bottom D eposits  o f  W isconsin Lakes IX. Second H eport", t r a n s a c t  io n s  o f  
th e  W isconsin icadeisy o f S c ien c es , A rts  and L e t te r s ,  33*94-114, 1946*

%
D.S. law son, “Phy s i c a l  and Chemical S tu d ie s  in. Lake® o f  P rin ce  

a lb e r t  P ark , Saskatchewan” ,  jo u r*  o f  th e  B io l. Board o f Canada, I I ,
# 3 j 22?~283, 1936*

H*F* B rust and C.L. combe, “O bserva tions on th e  a lk a l i n i t y  o f  
l a tu a r in e  W aters o f  th e  Chesapeake Bay Hear Solomons I s la n d ,  M aryland.” 
jou r*  Mar* lea* X II, # 2 , 1940.

4
C*B* Hash, “E nvironm ental C h a r a c te r is t ic s  o f  a E lver E s tu a ry 11,  

Chesapeake Biol* L ab ., Pub* #64* 149-174, Dec* 1947*
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bottom  w a ter (pH 7*5) c o r r e la te s  w ith  th e  p e rio d  d u ring  which th e  

d is so lv e d  oxygen f a c to r  i s  lo w est, t h a t  being  from  dun# to  August

in c lu s iv e .

The p i  v a lu es  o f  W estern la k e  t r i e  were rep o rte d  by Chandler to
1

range from pH 7*5 to  pH 3*4* The maximum pH was reached from d u ly  to  

O ctober, th e  mXnimm  from November to  A p r i l ,  Although tem porary ther~  

m oclines ware p re s e n t ,  a  conspicuous v a r i a t io n  in  pH was not observed 

v e r t ic a l ly *

In  Buckeye la k e , th e  h ig h e s t p i  v a lu e  was recorded  i n  August 

(-pH. £*9) th e  low est read in g  was ob ta ined  in  du ly  (pH 7*3)* The hydro** 

gen*ton c o n c e n tra tio n  was roughly  i n  in v e rse  p ro p o r tio n  to  th e  f r e e  

carbon  dioxide*

Much re s e a rc h  has been conducted r e l a t i v e  to  th e  e f f e c t  o f  th e

hydrogen-ion  c o n c e n tra tio n  upon p la n t  and anim al a q u a tic  form e. B a lly

In v e s t ig a tin g  Lake M ichigan in  th e  v ic in i ty  o f E vanston , I l l i n o i s ,

found th a t  th e  p i  range v a r ie d  from pH 7*4 to  pH #*4 through th e  e n t i r e  
3

annual c y c le . fie i a  o f  th e  o p in io n  th a t  hydrogen*ion c o n c e n tra tio n  

produces a  n e g lig ib le  e f f e c t  on phytop lankton  se a so n a l p e rio d ic i ty *

. 1 , , .
0* C hand ler, ^.Idaaaological. S tud io*  o f  W estern Lake E r ie ” ,  Ohio 

Jo u rn a l- o f  S c ien c e , XL, #6*291~336, 1939.

2
W* Tr e a s i e r ,  L. t i f f a n y  and W. Spencer,  ̂ LimnologicaX S tu d ie s  o f 

Buckeye L ake, Ohio” ,  Ohio Jour* Sci* Xl#5i261*>290, 1940

\ 1f,JU l a i l y ,  ?A ta a n t ib a b iy c  S tudy o f  th e  F hy top lank ton  o f  Lake 
M ichigan c o l le c te d  in .:t h e  V ic in ity  o f Evanston, X H iK oie” ,  B u tle r  
U n iv e rs ity  B o tan ica l S tu d ie s . 4 ( 6 ) ,  193S.
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f  h# o f f s e t  o f  ^drogs***icm eonooatrstiuR  on tito population  o f  « iy

sp o o ls , oxtltsd ing o illa to *  In  sa p ro b lo lic  H tb lia ti^  i s  «$so#ti©sio«t ty  
I

Jtatchinoon.

l!la  stood ami I s i s  concluded th s t  %hs r a ts  o f  oxygon eoA sssp tloa  o f
<

gastropod sie littacs i s  i s  d iro o t proportion  So ska fcjrirogoiirlon a ssess*
' *

tr s iie m . Mym®* XilowX*0 found th a t iM #  r#X *ll*s»fcip a lso  s a la t s  i s  
3

X laaaria , mhllm t a l i  m aintain* th at In creasin g  ih #  p i toad# te  chock
4

ttia e*yg*» csnsusp& len o f  p u ffar fish *

pit vaiisa* a s  law a s  £*§ **r# fe u u i  i s  lit*  p o llu te d  area*  o f tho  
5

C urtis i r s t i t*  th s s s  a e id  reaOXug# mors s  r e su lt  o f d ir e c t m o ts  ee id  

d isp o sa l. fa  Xus s X sss then  4*1 isp a ired  a c t iv ity  acid growth o f pi*Hk- 

t s a le  forms* O lson conclude* th a t 4 1 sta ss  and p rsieaoa  p a r ticu la r ­

ly  s o s a it iv o  to  low hydrogen io n  comeeut ration # ovor a s ta r t  i is e *  u S llo  

a lga*  war# s o t  o t i t o  a s so n a iilv o *

1
£*B# " lesX eg lca l Aspect# o f ' S u ccession  i s  JCstoral

Papula t ie s e * , A serieea  Batura11s i ,  - JJEfft 404*4 X§, X?4X*

a
»«A* i le s i in s i  s s i  B*i* H al*, " la a y ir a tio s  tfeudie# w ith  Freshwater 

i* lX * s« st XX Oxygen O osausptias i s  fiela iiem  to  Jfergrugeifteu C cncsstra- 
t ie s * , froc* In d ies*  *eu&* U ci*, 4?«£tJN tfg, I f l i*

3
1 .8 . tf/sen , *0s th e  A ction  o f S e p tu la  o u tstsu o o s o s  Ooygss Ce»~ 

» « * p tio ® m , ttio  a s t i o s  o f  ac id # 11,  M ol* a m i .  i f i $ .

4
#*#* is IX , "fh* XmfXeatte* o f  fa ry ia g  CSxygou fo s s is n  8pen th e  ia to  

o f Cfcygea OcftausitpiiOR in  la r is *  Fl#he*% Am* dour. H iyeieX . f£#4X?-4tX* 
Xf30.

5
I*a« ®k*mt  B*f» tr u s t  and T roasior, " g ta ilu *  o f  ttie H fs o ts  

o f la d * a tr ia l P o llu tio n  is . th e &•*** Fatapioo l l n r  Aare#% Ofcesepeske 
B io lo g ic a l I s to r s to iy  fufeX lceiion  #4S i lM t , foeeabur* lf4 l»
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L i t t l e f o r d  i s  o f  th e  o p in io n  t h a t  th e  to x ic i ty  o f copperas t o  th e  

Four-3pified S tic k le b a c k , A geltea  ouadracua . I s  a r e  s a l t  o f  * low ering  

o f  th e  pH -of the-. so lu tio n *  th e  d ecrease  i n  t o x ic i ty  no ted  to  occu r 

w ith  a  low ering  o f th e  tem p era tu re  o f th e  c o n c e n tra tio n  can  be c o r r e l ­

a te d  w ith  a c o rre sp o n d in g -lack  o f d ec rea se  i n  th e  pH o f  th e  s o lu t io n .

The d if fe re n c e  e x is t in g  l a  th e  pH o f th e  s o lu tio n s  a t  low and a t  h igh  

tem p era tu re s  r e s u l ts -  from d if fe re n c e s  e x is t in g  in  th e  speed o f th e  chemi­

c a l  r e a c t io n s  th a t  ta k e  p la c e  when copperas I s  added to  w a te r. Copperas 

d i lu t io n s  h a rin g  a  pH le s s  th a n  5*®0 a re  to x ic  t o  th e  -s tick leb ack  t-o a  

g r e a te r  o r  lo s e  degree over very  sh o r t p e rio d s  o f  tim e . C oncen tra tions 

between 5*00 and 5 .70  have th e  p e r  c e n t s u rv iv a l  in c re a se d  t© s ix ty  p e r 

c e n t. In  th o se  cases  where th e  pH i s  6 .00  o r  o v e r, one hundred per 

cen t s u rv iv a l  was o b ta in ed .

In  c o n c e n tra tio n s  g r e a te r  th a n  2 ,000  p a r t s  p e r  m il l io n ,  i t  was

observed  th a t  d ea th  was hastened  by th e  form ation, o f  a th ic k ,  slim y ecu®

on th e  g i l l s  o f  f ish *  th i s  c o n d it io n  has been observed  by many w orkers
2

and i s  ad eq u a te ly  d isc u sse d  by S l l i s ;  th e re fo re #  no extended d is ­

c u ss io n  i s  needed.

The l e t h a l  a c t io n  o f  p o l lu ta n ts  h a s  been considered  by f i l l s  to  be 

o f two g e n e ra l  types* (1 )  e x te rn a l  a c t io n  by a com bination o f  chem ical

1
B.A ., l i t t l e f o r d ,  "S u rv iv a l o f  F eur-S p iaed  S tic k le b a c k , A geltes 

quadra cue, i n  Copperas D ilutions**, U npublished, 1 -8 .

a
M, E l l i s ,  "D e te c tio n  and k e asu re ae n t o f  Stream  P o llu t io n " , B u ll. 

U.S. Bureau o f  F is h e r ie s .  XlVXI*6$-437# m i *



1
jihyeieaX in ju r i# # ,  -mtI. ( a )  I n te m o l  t e l l e r ,  o r  I r e #  t e a l*  ultim a*

I t  eeemi l i l e ly  tmm  th e  in to  o r ie n te d  that, the le th a l e ffe c t o f 

eej$#?*s 1* t i l t  r# * u lt o f - ebeiideol.jMtf f l / s l t e l  in ju ry  rttfee* thus tru e  

texde action* Fiah heir# fe*e* Jtepfc fo r  th roe o r  Im p  month# la  co leiio c*

o f 125 #«d 500 p s r i*  f # r  niU&oft w ith o u t a#*y egworeot h a m  t o  th e
a

organic**

Ohlorlntty* Us# aallae chtfeeterioiio# o f . m $  #$u*tt# mm&mmwm%

1# o f  pwimmrj impeirtanco l a  th a t the degree o f a a U n ity  i«  css# o f  th e

f a c to r#  wMek &ei*i*ti&e* th e  ~ e e e le g le a l  o rg aa iee tle m  o f  mm

•RTlrom eBt* F urther, aim *  th i#  fe e  ter 1# v a r ia b le , I t  i#  inportmmt

that t ie  range mt v a r ia b ility , fe e te r #  ie f iu e a c in g  th e v a r ia b ility , and

the period* o f variability *11 he a feud led# . WXmm the mthoO of arriving

m% a e l ln l l y  1# o b ta in ed  tor chierifM* titration*, t£&# f a c t o r  1# by earn#

aethers expresaei a* eblea^laity*

Frobtblr th*- meet cooi^ ebeneive ate®to# o f  «alim £l0rlm  th ia  area
3  4

have haea dowe fey Bella, Bail*/ aM tfoMmtmn f ir « t , and later hr Hewlett

1 •
If* 1111*, * $ e tee tlea  and i###iirm »#t o f 1%m m  FoliuU on1*, M l*  

11*3* itsreau o f fith e ri# # *  Iia tlIs4 f-4S f#  113?*

a
S*l« H tt le f e r d , w# o rv iv al e f  FoaM ftJtaad BttefeXebftOfc, I s e lte e  

oaa®ga.coi * in  $9F$a?aa 011tifeieR*,‘r tnpml&lahmg*

3
**§, 1*11#, 1*1* B ailey $M  I«f« l*a€ir#o«i, s?3#linlt>y o f th e  

Water o f th e  gheaapeake *#/* , Qmpmrtmmt o f th e  In te rio r*  1*1* Oeel* 
ISurv. * fto f*  Fapar I54C*1jO>*U2, l?a t*

4
B*F# Hsswiea, i le X e g lc e l  ftuOy o f  th e  # ffc h o re  H ater*  o f  th e  

ghesepeake B*/11,  1*®* Bapt* of ©aoaseree* Bur. flail* Boll* I4FS, #1091*
i w »
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I t  wa# notwSk fegr HSU# and otteor# fctmfc ih #  c fe lo r in iif  o f  tte# g&aam- 

j>#*ic# <i#ox**a*#$ fro a  tli#  aantH o f ill#  teajr to  l i e  h*«<3« I t  wa* fu rth er  

©te##rv#& th » t ite# o a st aid# o f  tint t t y  tended t© 'hive mkmzm whlofe war# 

m®m m lX m  than t&os* m  %hm mm% *16te« '̂ S t#  d##r®r « * imm  war# mmm 

raJjitir#  t® iteia  fa o io r  iftaa war# fcfc# ta rfa o *  waters*

Ife# t®m§®£mg m *  l * t a r  Igr §«wl#a* fte* m | «  o f  cteX#?*

i t t l t j r  o f  tteo emrffi®# w a te r was 4*? (k**d # f  tfco baj?) to  t § * f i  o f

fch# teaj?)* ffe# m ug# o f  c k l© rl8 i%  f o r  i t #  bottom  w ater#  wa# 4*^0 to  

X7*0& ( B eliim or* a re * ) and t i « 5 t  (month o f  tit#  b a j ) .  S i*  m&p&wm 

a a X in i t /  f io ln i ooomr* I n  i t #  aprlng* i t *  'O om cantration Ix ioraaaiag  r-r#~ 

g r### iv# l£  d w d ag  i t *  i m r  a n i  f a l l i  f i n a l ly  m m M m §  a  m*MMtm 1* 

w l«i#r« £&wl#a p o in t#  o a t t h a t  ^ ? # s l f l t a t i o n  amort* a  n a g i i f i i l *  a f f a e t  

on teeyr a e l l n i t l a a .

I n  i t #  ant Iron* a f  Solomon# Xaland, I t  m *  £mt%& th a t #10# ta r i*

atlona «ati#t#d r e la t iv e  to  a a lin iila a  # f  i t #  anrfao# a# w#Xl a* bottom
1

waters* ffe* #hXmrlft&tgr rang* o f  i t #  *«*£*#* w ater waa te*tw«#n $«*#, th«  

lueximaw teeing a i ia imod te#iw«#m Oet*b#r an# Soeamte#?* Si# rang* of

•a X in ltf o f  ilia  bottom  warn between # an# IJ . S i*  in ta a iig a to r a  fo&nd 

th a t imal* foot#**  a* tig # #  a n i ra ln fa H  d id  *3f*ri * a ig n if lo a iit  M U m m m  

on ih# a felerlm ltf o f  t ill#  #*##• #utea*p*ni X nvaetigaiiogi* In  th l#  area

fla x # * #  *i*iX *r r##w lt* l a  th a t ite* m in eral # arf*c*  fig o r# *  fo r  eh lorla itjr
2  '

*r« ##ati**t #.n§ m aintain*# daring ib *  a p r iig  month** S te  ia|***f4 t**m£

)iWWnK#»*nii;Ŵ>tiiiiJ»>>i##wiii>iipii i.—inV «w>»i

X
0 ,u  te«wcowfe## i #Ju Sow# and 1.1*, » ilt iii# #  on th#

fk fa l* #  and Cfeawiatrj*; o f Saitiaria* fa iir *  in  ttee €^#aap#ak* i*ir## 
a * l o f  i i i r i t t#  lMi*#ir#h$ l l M I f 59*

i
llawowtlHi *M  4.0* la n i#  ^tte# ila it ile o ilo m  o f  fn o ifiia t# #  in  
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cw m m c**  1m A p r il  reach in g  a  peak d u rin g  jfovesiber and December, th e  

h ig h est ehiorlm ifcy readings f o r  th e  bottom  w aters were o b ta in ed  l a t e r  

in  th e  summer* I t  m e  n o ted  t h a t  th e  l ig h te r*  le e s  s a l in e  w aters  from  

th e has? t r i b u t a r i e s  made th e ir  g r e a te st movement over th e  spring and 

summer m onths.

In  th e  C u rtio  M y  region* g ls o a  found in s ig n i f i c a n t  d if fe re n c e #
1

In  s a l i n i t y .  th e  g ra d ie n t  e M a tin g  between th e  s ta t io n #  i s  in  con se­

qu en tia l*  A minimum v a lu e  o f 2 .0  was reco rded  f o r  March and a maximum 

o f  8 ,0  i n  September* As would be ex p ec ted , s t r a t i f i c a t i o n  wa# p re s e n t  

only  a t  th e  d e ep e r s ta tio n s *

A d i r e c t  r e la t io n s h ip  was observed by fa s h  between l i g h t  p e n e tra t io n

and s a l i n i t y .  In c re a se d  l i g h t  p e n e tra t io n  o c cu rr in g  downstream i s
2 ;

accompanied by an in c re a s e  In  chX orioifey, t h i s  agreem ent i e  a p p lic a b le  

t o  sea so n a l a s  w e ll  a s  v e r t i c a l  s a l in i ty *

Oxygen* th e  va lue  o f d is so lv e d  oxygen i n  a q u a t ic  environm ents can - 

n o t be overestim ated*  In  ai^r h a b i ta t  accom odating p la n ts  and an im als 

th e r e  a ssis ts  am ia m d ie te  in te r p la y ' o f  f a c to r s  in  which th e  anim als 

and p la n ts  u t i l i s e  th e  oxygen f o r  t h e i r  r e s p i r a to r y  p rocess and re le a s e  

carbon  d io x id e  a s  a byproduct of t h e i r  m etab o lic  a c t iv i ty *  fh y te p la o k -  

tom,* m  in  a l l  p la n t  fo rm s, i s  p redom inantly  a n a b o lic  and hence re q u ire  

la rg e  q u a n t i t i e s  o f  carbon d io x id e  f o r  th e  p h o to ay n th e tic  p rocess*  th e

1
It* A* O lson, S»F* Brmat and e*&* f r e t s l e r ,  " S tu d ie s  o f th e  E ffe c t#  

o f  I n d u s t r i a l  P o l lu t io n  i n  th e  lower P a tap eeo . l i v e r  Area” ,  Chesapeake 
H o i*  lab* Pub* #431140* ftovember 1941*'

a'
G*£* Mash, "E nvironm ental C h a r a c te r is t ic « o f a E lv e r E stuary* , 

Chesapeake M ol*  lab# Pub. #64*147»X74, Bee. 1947*
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p ro ce ss  by which t h i s  i s  accom plished.

The r o le  p layed  by Carbon d io x id e  w i l l  be g iven  su b seq u en tly . The

oxygen noceasary  f o r  th e  k a ta b o lic  p ro cess  o f a q u a tic  organism s and f o r

tb s  decom position  o f  c e r ta in  compounds i s  o b ta in ed  by t h a t  atm ospheric

oxygen which e n te r s  in to  s o lu t io n  and by t h a t  oxygen which i s  made

a v a i la b le  as a  byproduct o f p h o te s y n th e t ic  a c t iv i ty #  A ll conditions-

being  e q u a l, t h e  th re e  fa c to rs #  oxygen, carbon  d io x id e  and p lan k to n

form th e  t r i a n g le  o f a q u a t ic  l i f e *  anyone o f  which i f  found  w an ting ,

cau ses  t h i s  t r i a n g le  to  c e a se  e x is t in g .

Oxygen consum ption was no ted  by H a ll t o  be g r e a t ly  in c re a se d  by 
'1

h ig h e r tem peratures*  lie f u r th e r  found th a t  oxygen consum ption was 

re ta rd e d  by an in c re a s e  i n  hydrogcn-ion  con cen tra tio n *  Hie resu lt©  

tend  to  show t h a t  m arine f i s h  ta k e  approxim ately  46 p er c en t o f  th e  

d is so lv e d  oxygen from th e  environment*

As & r e s u l t  o f an In v e s t ig a t io n  of 510 la k e s  and l a k e le t s  in  n o rth ­

e a s te rn  W isconsin , Juday and B irge concluded t h a t  th e  d isso lv e d  oxygen

c o n te n t o f th e  su rfa c e  w aters  ranged from 3*4 mg* to  12*4 mg/l* o f
- 2

w a te r, As would b e .exp ected , bog lak e s  were oxygen-poor." The degree 

o f oxygen consumption, was i n  c lo se  agreem ent w ith  th e  q u a n ti ty  o f 

- v e g e ta b le  e x tra c tiv e s *  The p resen ce  o f th e  - la t te r  i s  in d ic a te d  by th e  

brown c o lo r  imparted, to  th e  water*

1
F*G* H a ll, ffThe In f lu e n c e  o f  fa ry in g  Oxygen te n s io n  Upon th e  

Bate o f  Oxygen-Coneu&ption i n  M arine f i s h e s * ,  Am* d o u r. P h y s io l* , 
88 :212-218 , 1929*

2 ’ * '

G* Juday and B*A* U r g e ,  d i s s o lv e d  Oxygen and Oxygen Consumed 
in  th e  la k e  l a t e r e  o f n o r th e a s te rn  W isconsin11, T ra n sa c tio n  o f W isconsin 
Academy of S c ien ce , A rts and l e t t e r s ,  2?#415-486, 1932*
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lb  was d«mo«8tr*t#d by Hawaon, th a t  because o f  th e  bottom  oxygen

consam ption, th e  oxygen d e f i c i t  appeared g r e a te r  th an  l a  u su a lly  ex -
I

pscfeed in  th e  t h e iw c l in e  o f th e  W f  o f  w a te r in v e s tig a te d *  The ex­

h a u s tio n  o f  oxygen-supply l a  deeper w ater# was extrem e d u ring  th e  

p e rio d  o f  w in te r  s ta g n a tio n , th e  oxygen range i n  bottom w aters  a t  mid­

summer appeared  to  be in c o n s is te n t  from y e a r  t o  year*

D e f in i te  oxygen s t r a t i f i c a t i o n  i n  c e r t a in  re g io n s  o f  th e  Chesapeake
3

Bay was observed by Ifeweombe and Home* T his a t r a t i f i c a t i o n  tended to  

lo o se  i t s  i d e n t i t y  i n  th e  upstream  areas*  S t r a t i f i c a t i o n  o f  oxygen 

was found  to  e x i s t  from  th e  f i r s t  ©f u n t i l  th e  f i r s t  o f  October* 

th e  c o n c e n tra tio n  o f oxygen o f th e  upper la y e r  i s  approxim ately  dec*/I*  

2h* c o n c e n tra tio n  a t  a  dep th  o f  10- m eters I s  approx im ate ly  2 c c . / i .  w h ile  

th a t  o f  th e  bottom i s  im p ercep tib ly  low* ftie  ©ayrgen-poor bottom  la y e r  

i s  accompanied by a h igh  s a l in e  c o n c e n tra tio n  above which th e  c h lo r in l ty  

decrease#  i n  con cen t r a t io n  a s  th e  oxygen c o n c e n tra tio n  in c re a s e s , a
3

s a tu r a t io n  o f  150 p e r c e n t  was re p o rte d  i n  January  i n  th e  bay w a te r# . 

This h ig h  f ig u r e  was e x p la in e d  by th e  p resen ce  o f  an abundance o f  pbybo- 

plankton* In  summer, a 33 p e r c e n t s a tu r a t io n  was re p o r te d !  t h i s  con­

c e n tr a t io n  was # r e s u l t  o f  su rfa ce -b o tto m  mixing* The oxygen va lu es 

f o r  th e  bottom  w a ters  were p ro g re s s iv e ly  low er from June to  August! th e  

lo w est Value was o b ta in ed  in  th e  l a t t e r  month*

1
11*21* haws© a , *  P h y s ic a l and Chemical S tu d ie s  in  la k e s  o f P rin c e  

A lb ert P ark , Saskatchewan*, dour* M ol* Id* Canada, I f ,# 3 i  227-283, 1936*

a
C*l* Bewcombe and ** H orae, ** Oxygen Foor f a te r #  o f  th e  Chesapeake 

Bay” , S c ien ce , BS, # i a f | i 3 S 0 - i l ,  193S*

3
0*1, Hemeombe, t ,  Home and S, Bhpphsrd, ^ S tu d ies  m . th e  Physica-

and C hem istry o f  S s tu a r in e  W aters in  Chesapeake la y 11,  d o u r. Iter* Baa*,
2*8?-116, 1939.



A v a r ia t io n  o f d is so lv e d  oxygen from I f  ,9 p . p.m. ( i n  Starch) to

5*0 p . p.m. ( i n  l a t e  summer end e a r ly  autumn) m s  observed by Chandler
1

i n  w este rn  la k e  B rie* A t t im e s , a  p o s i t iv e  o r  n eg a tiv e  d e v ia tio n  from

th e ' norm al value occu rred  which was in  p ro p o r tio n  to  th e  p lan k to n  o r

d e tr i tu s ,  c o n te n t o f  th e  lake* A v a r ia t io n  n o t g r e a te r  th a n  2*0 p*p.m*

d id  no t occu r between th e  su r fa c e  and bottom  w aters*

th e  w aters o f Buckeye la k e  were found to  be b o u n tifu l ly  su p p lied  
2

w ith  oxygen# The low er v a lu e s  were found to  occur in  th e  warmer 

summer months ,  t h i s  be ing  i n  conform ity  w ith  th e  laws o f r e c ip r o c i ty  

between gases and th e  w a te r-ab so rb in g  c a p a c ity  of th e s e  gases* th e  low­

e s t  oxygen va lue  (1*4 p . p .m .) occurred  In  a bog hole*

A seasonal, v a r ia t io n  o f  d is so lv e d  oxygen c o n c e n tra tio n s  i n  su rfa c e

as w e ll  a s  in  th e  bottom  w aters o f  th e  P a tuxen t fiive r was noted by 
%

Hash* The d e sce n t of oxygen v a lu es  o f  th e  su r fa c e  w ater began i n  

l a r c h  and reached a minimum o f 2*3 c * c ./ l*  in  August* The bottom  w a te rs  

a ls o  dem onstrated  a  comparable s e a so n a l v a r ia t io n  w ith  th e  e x c e p tio n  

th a t  m inim al v a lu e s  were fo u n d .to  occur in  dune* I t  was a ls o  found -that 

a su rface -b o tto m  v a r ia t io n  o f .3  e * e * /l  e x is te d  d u rin g  th e  o v e rtu rn  

p e rio d  and t h a t  t h i s  v a r ia t io n  in c re a sed  to  2 .2  e ,c * / l*  d u ring  th e  l a t t e r  

months o f  sp rin g  and in to  e a r ly  summer*

1
B* C hand ler, ^ l i i in o io g ic a i  S tu d ie s  o f W estern la k e  Erie*1* Ohio 

Jour* S c i . ,  X M 7?291-336 , ^ 3 9 .

2 •

If. f r e a d e r  f 1* f  i f  fanny  and If* S pencer, " lim n o lo g ie s !  S tu d ie s  o f 
Buckeye la k e ,  Ohio1*, Ohio Jour* S e i .  XL,#5 3261-290, 1940*

J
0*B* la s h ,  "E nvironm ental C h a ra c te r is t ic s  o f a E lver Estuary*5,  

Chesapeake B io lo g ic a l  la b o ra to ry  P u b lic a tio n  #64 s 147-174, beeembezv 1947*



It*# d e f ic ie n c y  o f d isso lv e d  oxygen r e s u l t in g  im m  p o l lu t io n  f a c ­

to r s  has become, u n fo r tu n a te ly  a  more s e r io u s  problem . B i l l s  has shown 

t h a t  v i t a l  a c t iv i t y  o f  most a q u a tic ' form s I s  dangerously  im paired  o r

c e a se s  when th e  d is so lv e d  oxygen concent r a t i o n  deops below 4,® t o  3*5 
1

c * c * /l i  Oxygen poor environm ents th u s -e s ta b l is h e d  g iv e  r i s e ' t o  th e  
■ • ■ -2 

l e s s  d e s i r a b le  f a c u l t a t iv e  and o b lig a to ry  a n ae ro b ic  form s. •

Param ecin which a re  su b je c te d  to  axuierobie.conditions:/-'for a b r i e f
1 3 '

t im e  reco v er when p laced  i n  a e ro b ic  environm ents* Prolonged an ae ro b ic

c o n d itio n s  . r e s u l t  in  a c e s s a t io n  o f p h y s io lo g ic a l  a c t i v i t y ,  b l i s t e r in g

and c y to s y s ie . An approxim ately  n e u t r a l  pU o f  th e  w ater in c re a s e s  th e

lo n g e v ity  o f  th e  organism s under decreased  oxygen co n cen tra tio n s*

fowsand, B ricksen  and E arn est found t h a t  la rg e  se c tio n s  o f  Grays

Harbor were p o llu te d  a s  shown by th e  low v a lue  o f d is so lv e d  ws&gm 
4

c o n c e n tra tio n . fh e  a re a  i n  th e  en v iro n s o f  th e  dead and d is t r e s s e d  

salmon in d ic a te d  a  c o n c e n tra tio n  o f  d is so lv e d  oxygen o f 1 p .p .m . a t  th e  

su rfa c e  and 0*24 p .p .m . a t  a d ep th  o f  15 f e e t .  Exam ination o f th e  dead 

salm on•in d ic a te d  v i s ib le  s ig n s  o f le ia o n s ,  tum ors and reg io n s  o f  bloody

1
II. U l i® ,  "D e te c tio n  and Measurement o f Stream  P o l lu t io n " , b u l l .  

U .S. Bureau o f  F i s h e r ie s ,  XLVIX *65-437, 1937.

2
J .  S. la c k ey , "Oxygen D efic ien cy  and Sewage P ro toxoa: w ith  Des­

c r ip t io n  o f  Some M m  S p e c ie s" , B io l. B u ll. IX 1 II, #21207-295* 1932.

3
*1. A* K itc h l in g , " fh e  E f fe c ts  o f a la c k  o f  Oxygen and o f  low 

Oxygen bn Paramecium", B io l, B u ll. 339-353, 1939.

4
1*$« fowaand, A. E rick so n  and D. Barn® at, "P ro g ress  R eport on 

F ie ld  In v e s t ig a tio n s  and R esearch", Bash. S ta te  P o l lu t io n  Commission

December, I f J S
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i n f  l i t  r a t io n  e n t i r e ly  wanting* I t  was c le a r ly  shown th a t  th e  re a c t io n  

o f th e  f i s h  a t  th e  s i t e 'o f  p o l lu t io n  e x h ib ite d  th e  same p h y s io lo g ic a l re ­

a c t io n s  o r  comparable r e a c t io n s  to  th o se  f i s h  i n  th e  la b o ra to ry  which 

d ie d  o f  oxygen d e fic ien cy *  On t h i s  b a s i s ,  th e  in v e s t ig a to r s -, concluded 

t h a t  th e  f i s h  k i l l  was a tt r ib u te d , to  a la c k  o f  oxygen o r  some e x t r in s ic  

f a c to r  im peding norm al r e s p i r a to r y  fu n c t io n s * .

C r i t i c a l ly  lo ir c o n c e n tra tio n s  o f  d isso lv e d  oxygen were found g en er-
1

a l l y  th roughout th e  O urtio  Bay -area* Although t h i s  c o n d itio n  was p re ­

se n t  in  th e  c o o le r  m onths, i t  was p a r t i c u la r ly  a c u te  i n  th e  summer 

m onths when th e  tem pera tu re  o f th e  w a te r was above 25 deg rees cen tig rade*  

I t  was a ls o  observed th a t  oxygen d e f ic ie n c y  a t  some s ta t io n s  was a  r e ­

s u l t  o f  copperas d isposa l*  O lson concluded th a t  th e  d e l i to r io u a  e f f e c t s  

o f copperas appeared to  be one o f  oxygen d e p le tio n  o f  th e  su b su rface  

w a te rs  over th e  e n t i r e  a rea  i n  summer and lo c a l ly  a t  o th e r  tim es*

Carbon d io x id e * As p re v io u s ly  s ta te d  (page 1 7 ), phy top lank ton  re ­

q u ire s  a  b o u n t ifu l  supply o f  t h i s  g a s  to  c a r ry  on th e  p ro cess  o f  photo­

syn thesis*  The carbon  d io x id e  supply  i s  o b ta in ed  from s e v e ra l  sources 

among which i s  th a t  d e riv e d  from th e  p ro cess  o f o x id a tio n  which i s  con­

s t a n t ly  o c c u rr in g  in  a l l  l iv in g  o rganism s, th a t  d e riv ed  from atmosph­

e r ic  carbon d io x id e  which i s  d is so lv e d  in  th e  w a te r , t h a t  d e riv ed  from 

th e  decom position of o rg an ic  su b s ta n c e s , t h a t  d e riv e d  from r a in  and 

th a t  d e riv e d  from bicarbon& tes found i n  th e  a q u a tic  h a b ita t*  The con­

c e n tr a t io n  o f t h i s  gas i n  th e  w a te r i s  v a r ia b le ,  s in c e  i n  th e  p ro cess

1
B*A* -Olson, H.F. B rust and W .l, T r e s s le r ,  S tu d ie s  of th e  E f fe c ts  

o f i n d u s t r i a l  P o l lu t io n  i n  th e  -.Lower P atapsco  l i v e r  A res.1*, Chesapeake 
Biol* .lab* Fub* #43*140, November, 1941.
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o f ■ p h o to sy n th es is  l ig h t  i s  req u ired *  That i s  to  sa y , th a t  d u rin g  th e  

l ig h t-  hours when th e  p ro ce ss  o f food m anufacture i s  .c a r r ie d  .on by phybo- 

plankton* . th e  carbon  d io x id e  i s  e x tra c te d  from  th e  su rfa c e  w ater le a v in g  

a  low er co n cen tra tio n #  i t  t h i s  tim e th e  oxygen being  i n  th e  excess* At 

n ig h t ,  w ith  th e  p h o to sy n th e tic  re a c t io n s  a t  a  s t a n d - s t i l l*  th e  carbon 

d io x id e  c o n te n t o f th e  su rfa c e  s tra tu m  o f  w a te r i s  in c re a se d . O bviously 

t u r b id i ty  o f  th e  w ater a p p re c ia b ly  a l t e r a  th e  c o n c e n tra tio n  of t h i s  

chem ical f a c to r  inasmuch a s  i t  reduces th e  amount o f l i g h t  req u ire d  t o  

produce th e  p ro cess  o f p h o to sy n th e s is . i t  may th e re fo re  be concluded, 

on th e  b a s is  o f th e  fo re g o in g , t h a t  th e  amount of -carbon d io x id e  p re se n t 

- tn  m ost ..bodies o f  w ater may. fu n c t io n  a s  an  index  t o  th e  p ro d u c tiv ity  and 

e c o lo g ic a l  ba lance  o f  t h a t  a q u a tic  environment*

Carbon d io x id e  p re s e n t in  th e  w ater i s  expressed  in  th ro e  wayss 

f r e e  carbon d io x id e , ha lf-bound  carbon  d io x id e  ( t h a t  which c o n v erts  

m onocarbonatce to  b ica rb o n a te s )  and bound o r  f ix e d  carbon d io x id e  ( t h a t  

which co n v e rts  calcium  ox ide  to  calcium  carbonate*)

The in v e s t ig a t io n  o f  th e  ■ la k e  w a te rs  o f  n o r th e a s te rn  W isconsin by
1

duday, S lrg e  and Meloche dem onstra ted  t h a t  the  su r fa c e  w aters o f th o se  

la k e s  'lacking  i n l e t s  o r  o u t le ts '{ s e e p a g e  la k e s )y ie ld e d  p o s i t iv e  ac id  

r e a c t io n s  w ith  a  f r e e  carbon d io x id e  range o f 0 .3  to  10 .7  rn g ./ l .  .The 

su rfa c e  w ater o f  th o se  la k e s  having an  o u t le t  {d ra in ag e  la k e s )  y ie ld e d  

p o s i t iv e  a lk a l in e  re a c t io n s  w ith  a range o f  0 ,7  to  10*7 m g./l*  o f . 

carbon  d io x id e . She bound carbon d io x id e  in  th e  seepage lak e s  ranged

1
C* duday, B*- B irge and V, M eloche, wThe Carbon D ioxide and % -  

clrogen-Ion C ontent o f . la k e  W aters o f  N o rth ea s te rn  W isconsin*, Trans­
a c t io n  W isconsin Acad, Be* A rts  and l e t t e r s ,  29*1-82, 1935*
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t h i s  ra##« i t  « r##tel£ o f  th# plM t«*jnkh#ti# o e ttv iijr  in  th### l#ig*t* 

f t #  cS iitrib tttiaa  o f  fi**# oftrkon 61oskIiSo otfiodi in  th#  6 if f« r « a t  Imkm  

m n§ i » f  f t m  * ink* in  th#f# *#a «n m m  d l t t r if e it lo a  £fcrou#hsmt

tit# lotto to  th©** l*k## in  mklch tli#  mmrbon dica&d# in  tfe# *#£•*«

Min morn «#a<s#8fc*#t*$«

l a  ttt# W&%m* rnlbmrb tmtem* i t  mm  ontod bjr %k*t tJ*# f t# #

4$*m£M o f  in# #arf#c# **%#* ** • i . j  &***/!* 1m th# **l##r aoaftti#
X

kof#*o th# I t*  braak* th is  t# l« #  m s  m *m m * #ffc#r th#  ie#~brft#k. M 

eoaeonttatloft of 1*5 e»c*/X* of diox&Ao m s $#*#?### froai tk*

tmgkmlmg to th* m iM l*  of Sm *t  m% it*  *h# of whiefc tin* tk# w *lif 

mm§*4 from mnktmk  to « lk « lia #  im iii Smptmhmr* 10k* ion o f

ft# #  eatb m  oiosd## o f  %$»# Xmm* rntm *m  mi *§#£#* mm found %m bm 4*4

c . c « / l .  in  i f t r t l  (a  hssigOTor o f  w iatar #t#£ii*tt»a}* # ith  v « r m i oltc**- ' 

tk# f*#o  mtbmm MmmM* mm pmbmmd t o  l » i  #*#•/!**  tsm X iiiig  

l a  a #$## ## i t s *  ofoaljr <&*trlhot#3 C M m m trz tim  #*#r hit* m il? #  I#k#« 

Jktoiog tk# wsr«#t oooth# i t  «*a found th at tk# m tb tn  dtm xld*  c#oe*i»» 

tvottot tot**###* ©a tk# feot&o* tad 4#eiin#4 mgmim in  ■dint#* tltk  *k# 

#i##at of tk# i m i r  %te* mmvbtn dioidi# vtlti#

1 . .

1* n?k$m%M*l *M iti#aii#«i itn ii#*  In tk# Ink#* o f
i lk # # t  «lonx*a»JL H o i*  io n M -o f  Ommti*, t t $
2f3# if|&*
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began t o  q u ick ly  r i s e  rea ch in g  & maximum range o f  9 .0  to  11.2 e .e ./X *

in  th e  m iddle o f  August* Autumnal o v e rtu rn  g ra d u a lly  reduced th e  c a r -
1

bon d iox ide  f a c to r  to  n i l .

The bound carbon d io x id e  o f  th e  tipper s tra tu m  was 21*8 e * c ./ l*  i n  

e a r ly  s p r in g , r i s i n g  to  32.8  c . c . / l .  by th e  m iddle o f  sp r in g  and c o n tin ­

u in g  through th e  summer w ith  a v a r ia t io n  o f  n o t more t h a t  2 c . c . / l *  th e  

c o n c e n tra tio n  i n  th e  lower s tra tu m  may be c h a ra c te r is e d  by a  r i s e  during  

v e rn a l  o v e rtu rn , a  d e c lin e  .in dun© fo llow ed  by a n o th e r  r i s e  a t  summer

s t r a t i f i c a t i o n  and an o th e r d e c lin e  a t  autum nal o v e rtu rn . Th© v a lu es
2

a re  e q u a lise d  throughout th e  lak e  a t  th e  o v e rtu rn s*

V a ria tio n s  o f  th e  f r e e  carbon d io x id e  c o n c e n tra tio n  between th e

s ta t io n s  in  Buckeye la k e  were ex p la in ed  by T re s a le r ,  T iffa n y  end Spencer
3

to  be caused by a  deep h o le . High winds were re sp o n s ib le  f o r  th e  mix­

in g  and rep len ishm ent o f  th e  exhausted  supply  o f su rfa c e  carbon dioxide* 

An in v e rse  c o r r e la t io n  was found between h igh  tem p era tu re s  and th e  abun­

dance o f d is so lv e d  oxygen w ith  carbon d io x id e j th e  l a t t e r  being de­

p le te d  by phy top lank ton  i n  th e  p h o to sy n th e tic  a c t iv i ty *  F ixed carbon 

d io x id e  was re p o r te d  t o  have in c re a se d  i n  th e  summer*

In  w este rn  la k e  E r ie ,  Chandler r e p o r ts  f r e e  carbon d io x id e  was 

p re s e n t  from December to  May; bu t found carbon  d io x id e  w anting d u rin g

1
D« Eawson, ^ P h y sica l and Chemical S tu d ie s  In  th e  la k e s  o f Frinc© 

A lb e rt P ark , Saskatchewan**, M o l .  Bd. o f  Canada, I I , #31229-283,1936

2 .  ' "

I b id ,  p . 276

3
W. f r e e a l e r ,  1* T iffa n y  and 1* S pencer, ftL im nolog ical S tu d ie s  o f  

Suckey© la k e ,  Ohio*1,  Ohio dour* S c i .  JPt, #5*261-290, 1940.
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1
th e  rem ainder o f  th e  year* th e  h ig h e s t  v a lu e  was observed l a  A p r il  

fo llo w in g  th e  lee**break, An even d i s t r ib u t io n  o f  carbon d io x id e  was 

found in  th e  a re a  in v e s tig a te d *

E xperim enting w ith  P u ffe r~ P ish , W all found th a t  in c re ased  hydrogen- 

ion- c o n c e n tra tio n  r e s u l t in g  from carbon  d io x id e , more a c u te ly  a f fe c te d  ..

th e  r e s p i r a t io n  o f  th e  f i s h  th a n  d id  th e  a d d it io n  o f h y d ro ch lo ric  a c id
2 '  '

a t  th e  same hydro gen -ion  con cen tra tio n *

Phosphorus* th e  r e la t io n s h ip  o f phosphorus s a l t s  to  th e  b i o t i c  

f a c to r  o f  m arine and f r e s h  w a te r has been e x te n s iv e ly  s tu d ie d  by many 

in v e s tig a to r s *  McHargue and p e te r  in v e s t ig a t in g  th e  sp r in g s  and stream #

o f  Kentucky concluded th a t  th e  phosphorus c o n c e n tra tio n s  w ere i o f lu -
3

enced by g e o lo g ic a l  s t r a ta -c h a ra c te r*  M ise isa ip p lan  and Pennsy lvan ian  

a re a s  y ie ld e d  much sm alle r amounts th a n  th e  O rdovician  areas*

The phosphorus c o n te n t o f  f iv e  la k e s  i n  Idaho and W ashington, a s

determ ined  by iem m erer, Bovard end Boorman, was found t o  range from
4

0*013 to  0 .026 mg# p e r  l i t e r *

A se a so n a l V a ria tio n  in  th e  phosphorus co n ten t was observed by

1
!* C hand ler, ^ lim n o lo g ic a l S tu d ie s  o f W estern la k e  E rie® , Ohio 

dour* S c i . ,  XX, #7*291-336, 1939*

2
F* H a ll, *Tbe In f lu e n c e  o f V arying Oxygen T ension  Upon th e  Bate o f 

Oxygen Consumption in  Marin© F ish e s” ,  Am* dour* Physio l*  68$212-218, 1929

3
d . McHargue, and A* P e te r ,,  ” lh©Bamoval o f  M ineral P la n t Food by 

n a tu r a l  D rainage W ater11,  Kentucky A g ric u ltu ra l. Exp* Eta* Bw.il*237-333** 
362, 1921*

4
0 , lem m erer, J .  Bovard and W* Boorman, ^N orthw estern la k e s  o f  th e  

U.S. i B io lo g ic a l  and Chemical S tu d ies  w ith  D eference to  P o s s i b i l i t i e s  
i n  P ro d u c tio n  o f F is h ” , B u ll. Bur* F ish * , 39**51-140, 1923*
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i
A tkins and H a rr is  in  th e  pond# in v e s t ig a te d .  These in v e s t ig a to r s  coi*- 

eluded th a t  phosphorus was u t i l i z e d  by phy top lank ton  e a r ly  i n  sp rin g  

and by amamor, th e  a v a i la b le  supply  was exhausted . The la c k  o f phos­

ph o rus, co n d itio n ed  th e  growth o f a lg a l  forms* The supply  o f phosphorus

m s  re p le n ish e d  d u rin g  th e  w in te r m onths,
2 3

A tkins and Brandt working ind ep en d en tly  on th e  con ten t o f phos­

phorus in  sea  w ater a r r iv e d  a t  s im ila r  c o n c lu s io n s , e . g . ,  A) th a t  th e  

phosphorus co n ten t' a t t a in e d  a maximum in  th e  autumn and w in te r  months 

and reached a minimum i n  th e  spring , and summer months and $) .th a t th e  

deeper ocean w a ters  co n ta in ed  a  c o n s tan t supply  o f phosphorus.

In  an in v e s t ig a t io n  to  determ ine  th e  in o rg an ic  chem ical f a c to r#  i n  

pond w ater th a t  say  a c t  a s  c o n d itio n in g  c o n s t i tu e n ts  in  p lan k to n  growth

and hence f i s h  p ro d u c tio n , Wlebe made an  in te n s iv e  s tu d y  o f  th e  p r in c i -
4

p a l  form# o f in o rg a n ic  n i tro g e n  and so lu b le  .and- t o t a l  phosphorus*. As 

a  r e s u l t  o f  th e  study  o f  th e  pond w a te rs  a t  f a i r  p o r t ,  Iow a, Wietee con­

cluded t h a t  so lu b le  phosphorus a c ts  as a co n d itio n in g  f a c to r .  S ince th e  

pond# were fed  by th e  w a te rs  o f  th e  M is s is s ip p i  B ivor, th e  in v e s t ig a to r

1
,W. A tkins. and-G* H a r r is ,  ^Seasonal Change* in  th e  W ater A H eleo- 

p lank ton  o f  F resh  W ater fonde11,  F roe . BoyaX B u b lia  See*, XSiX-21, 1924*

2 ,

W.K. A tk in s, "The Phosphate C ontent o f F resh  and S a lt:  Water l a  I t #  
l le la t io a s h ip  to  th e  Growth o f A lgal P lank ton”,  Jo u r Mar-* B io l. Assn. 
13*119-150, 1923*

3 ‘ ■ ‘ •
£ , B rand t, ”Uebor den S to ffw cchse l in  le e r #  l is s e h a c h ” ,  Meeresunter** 

such l i i l 0? -42f ,  1929*

4 . . .
. . • A.H. Wiebe, ”In v e s t ig a tio n s  on P lank ton  P ro d u c tio n  l a  F ish  Ponds'**, 

0*8* Bureau o f F is h e r ie s ,  Boo* XQ82*
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s tu d ie d  th e  l e t t e r  l a  an  a ttem p t to  determ ine th e  v a r ia t io n  o f  th e s e
1 ' ' "... /■ 

chem ical fa c to rs*  Wiefee concludes t h a t  th e  maximum phosphorus v a lue

c o in c id e s  w ith  th e  phy top lank ton  in c re a s e  arc} t h a t  th e  so lu b le  phos­

phorus content, may a c t  m  a  l im i t in g  fa c to r*  F isc h e r  m ain ta ined  th a t

upon . f e r t i l i s a t i o n  .of ponds by ground b a s ic  s la g  o r  super phosphate*
2

th e  p ro d u c tio n  o f  carp -.m as--.sign ifican tly  increased*  H utchinson i s  o f

th e  .opin ion  .th a t phosphates a re  o f  extrem e .importance to  a l l  a u to tro p lc
3

form s though th e  c o n c e n tra tio n s  a re  very  1m *

th e  phosphorus co n ten t o f  th e  la k e s  in v e s tig a te d  by Jud&y and

o th e rs  d id  no t d e c rea se  d u rin g  th e  sp rin g  and summer a lth o u g h  a heavy
4

p o p u la tio n  o f  p lan k to n  was p resen t*  F ky toplankton  p ro d u c tio n  and th e

s o lu b le  phosphorus c o n te n t o f  th e s e  w a te rs  d id  no t appear to  c o rre la te *

I t  was no ted  t h a t  th e  low er s t r a t a  o f  th e  w ater i n  th e  la k e s  con ta ined
5

le s s  so lu b le  phosphorus in  summer, th e n  th e  phosphorus c o n te n t o f  th e

1
A.H. Wiebe, d i s s o l v e d  Phosphorus and In o rg an ic  n itro g e n  i n  th e  

W ater o f  th e  M is s is s ip p i  H iver” ,  Science* 73*#1902;652* lu n e  1931*

a
H. F ischer*  **Tbe Problem o f  In c re a s in g  th e  P ro d u c tio n  i n  F ish  Ponds 

by th e  Use o f  Chemical F e rtilise rs* * *  In te rn e t*  Be** S cience  and Free#
Agr.* 21022- 030* 1924*

3
0* H utch inson , "G eo lo g ica l a sp e c ts  o f  S uccession  in  Naturml Popu­

lations*?* Am* Wat.* XJCXV; 406-41S* 1941.

4
0 , Juday , B. Birge* 0* Kecmerer and I .  Bo b ins on, "Phosphorus Con­

t e n t  o f  la k e  W aters o f  n o r th e a s te rn  W isconsin** T ra n sa c tio n s  W isconsin 
Acad* S c i . ,  A rts and l e t t e r s *  XXiIXs233-246* 1926* ' ■

5 V
' • C, luday  and I .  Birge* *4 Second B eport on th e  Phosphorus io n -  

t e n t  o f  .W isconsin lak e  Waters*1 # T ran sac tio n s W isconsin Acad. S o l . , A rte  
and l e t t e r s  XX?Is353-362* 1931. , :



la k e s  was c o r re la te d  w ith  th e  p resence  o f  th re e  sp e c ie s  o f bryophytes

found on th e  'bottom o f th e  la k e s  In v e s t ig a te d ,  r e s u l t s  in d ic a te d  th a t

th e  la k e s  i n  which th e  bryophytes were found appeared  to  have h ig h e r
1

phosphorus- c o n c e n tra tio n s ,

Ihe  maximum eo n een tra ticm  o f  phosphate  in  th e  Chesapeake la y ,

acco rd in g  to  Newcombs and Lang, occurred  in  summer and th e  minimum value©
2

were found to  occu r in  th e  f a l l ,  w in te r and e a r ly  sp ring*  Subsurface  

w aters  i n  th e  upper reg io n s o f  th e  bay were found to  c o n ta in  more phos­

phorus th a n  th o se  in  th e  low er reg io n s  o f  th e  bay* S ig n if ic a n t  d i f f e r *  

ences were re p o r te d  b e tw e e n 'lig h t  hours and d a rk n e ss , e * g .,  phosphorus 

c o n c e n tra tio n s  were found to  be h ig h e r from s u n s e t to  sun rise*  S a l ly

v a r ia t io n s  i n  th e  p h o sp h a te ' c o n te n t ©f th e  bay w a te rs  over a  fo u r  month
3

p e rio d  from  "dune, to- Septem ber were observed*- Maximum values* f o r  t h i s  

f a c to r  wore reco rded  i n  August w ith  descending v a lu es  e a r ly  i n  Septem ber, 

th e  l a t t e r  i s  c o in c id e n t w ith  reduced  tu r b id i ty  o f  surrounding  w a te rs , 

beg inn ing  a t  th e  tim e  o f  th e  low ering  phosphate c o n c e n tra tio n  and a x -  

ten d in g  in to  autumn* I t  was a ls o  noted  th a t  th e  c h lo r in i ty  o f th e  w ater 

and th e  phosphorus c o n te n t in  th e  headw aters o f  th e  fa iu x e n t  Hiver was 

in  in v e rs e  p ro p o r tio n , e .g * ,  in c re a s e  i n  th e  phosphorus c o n c e n tra tio n

1
G* duday, 1* B irge and ? . Meloche, ^Chemical A nalysis  o f th e  

Bottom d e p o s i t  a of. W isconsin Lakes IX* Second R eport" , T ran sac tio n s  o f  
W isconsin Acad* S c i , ,  A rts and l e t t e r s ,  33594-114, 1944*

a  . .
C. iewcombe and A* .Lang,. ttThe d i s t r i b u t i o n  o f  Phosphates i n  th e  

Chesapeake,-BayV Broc* Am. P h il*  Soe* t l , #3 *393-420, 1939*

3
C* Newcombe & H. B rush, 11 V a ria tio n s  in  th e  Phosphorus c o n te n t o f  

Xsttxarins. Water© o f  th e  Chesapeake la y  n e a r  Solomons I s la n d 11,  Jour* 
l a g  Reaearcfe, #$t,#l*7<H&S* 1940- ,
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w ith  d ecrease  i n  e h io r in i ty .  i t  was f u r th e r  observed th a t  th e  upper

re g io n s  o f  th e  P atuxen t E lv e r  dem onstrated h ig h e r phosphate cone a n tra -
1

t io n s  t h a t  th e  su rfa c e  w ater o f  the  bay, f u r th e r ,  h ou rly  sam ples r e ­

v ea led  a p p re c ia b le  v a r i a t io n s ,  th e  l a t t e r  be in g  more c h a r a c t e r i s t i c  o f  

sha llow  re g io n s  where m ixing i s  more p re v a le n t .  h ig h e r  phosphate  con­

c e n tr a t io n s  were a ls o  observed’ i n  th e  d eep er bay w aters*
.if

H lt r a te s . The n itro g en o u s  requ irem en t o f  th e  protoplasm , o f  a q u a tic  

organism s i s  provided  by the, n i t r a t e s  found, i n  th e  w ater* • dud ay and

o th e rs  m a in ta in  t h a t  th e  n itro g e n  requirem ent#  o f  organism* 1# met by
2

m ost a q u a tic  env ironm ents. ftbytoplataktoa form s in  t h e i r  an ab o lic  pro­

c e s s  a v a i l  them selves o f  th e  n i t r a t e s  to  sy n th e s is e  p ro te in#*  Vpon th e  

d e a th  ©f th e  a q m t ie  o rganism s, e i th e r  by n a tu r a l  cause# o r  o th e rw ise , 

they  d i s in te g r a te p  th e  dccem poeltlcn  o f which  r e s u l t s  i s  th e  fo rm a tio n  

o f  e i t h e r  aamonia o r  n i t r a t e s ,  P ro te in  decom position  i s  a ided  by bac­

te r ia *  The b a c te r ia  Involved in  t h i s  p ro cess  a re  c l a s s i f i e d  in to  fo u r  

group#? th o se  which o x id is e  ammonia to  f o r a  n i t r i t e # ,  th o se  which o x i­

d is e  n i t r i t e s  to  n i t r a t e s ,  th o se  whose a c t io n  u l t im a te ly  end a# ammonia 

and th o se  which change n i t r a t e s  t o  n i t r i t e s .  S ince th e se  b a c te r ia  a re  

found i n  th e  a q u a tic  h a b i t a t s ,  th e  end p ro d u c ts  which th ey  produce a re  

l ik e w is e •found there*

The n i t r a te - n i t r o g e n  v a lu e s  o f th e  M is s is s ip p i l i v e r  a t  f a i r p o r t ,

1 .

0* Hewcombe, t ,  Horne and ft, Shepherd , "d tu d ie#  on th e  Physic# and 
Chem istry o f  f ta tu a rin e  W aters i n  Gheaapaake Bay” ,  Jo u rn a l  Mar. Has*,
I I , #2107-114, 1939*

a
0* duday, 1 , B irg e , G* Keamerer and 1 , liobinaon, n$hm phora*  

C ontent o f Lake Wet e ra  o f n o r th e a s te rn  W isconsin, t r a n s a c tio n s  o f  
W isconsin ic e d . S c i* , A rts  and L e t te r s ,  n m * 2 3 3 - 2 4 9 ,  1928*
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Io n a , a* rep o rte d  by Wiebe wa® found to  range from {3*051 t o  0 .914 p .p .m .
1

a t  th e  su rfa c e  and 0 .060  t o  0 .776 p . p.m. a t  th e  bottom . Wieb# i s  o f th e  

o p in io n  t h a t  in o rg an ic  n itro g e n  i s  n o t a c o n d itio n in g  f a c to r .

The h ig h  n l t r  i t  e -n itro g e n  v a lu e s  observed by . Ilakestraw  were in

d i r e c t  accord  w ith  correspond ing  h igh  va lue*  o f  n i t r a te - n i t r o g e n  and
' . 2

phosphate phosphorus in  th e  upper s tra tu m  o f  w a te r. However, h igh  u l ­

t r a  t  e -n itro g e n  v a lu e s  were &bt in d ic a t iv e  ©if h igh  n i t r i t e - n i t r o g e n  

v a lu e s , p a r t i c u l a r ly  in  th e  bottom  w a te rs . With th e  sp rin g  bloom o f  

d ia tom s, u l t r a t e - n i t r  ogen c o n c e n tra tio n s  dropped..

A nalysis o f  W askeslu la k e  by kawson dem onstrated th a t  th e  amounts 

o f n i t r a t e s  In  th e  w ater were d is t r ib u te d  over a  r a th e r  wide range , e .g .
3 ‘ .. ■' : ;-~k  :

0 ,0 5  to  0*20 p .p .m . lUwaon i s  o f  th e  o p in io n  t h a t  Waskeslu W ee i s  un­

u su a lly  r i c h  in  n itro g en o u s substance®! t h i s  s u b s ta n t ia te s  h is  concept­

io n  o f  Waskeslu a s  -an e s s e n t ia l l y  e u tro p ic  la k e .

In  th e  su rfa c e  w a te rs  o f  th e  ocean and la k e s , H utchinson noted

marked seaso n a l changes, which a re  determ ined  by th e  organism® in h a b i t -  
4  •

in g  th e  water®. Spring  v a lu es  o f  u l t r a te - n i t r o g e n  and phoophata*ph©a~ 

phorus were low ered a® a r e s u l t  o f in c re a se d  l i g h t  and tem p era tu re  th u s

1
1*11, WIefea, "B iosolved -Phosphorus ■ and In o rg an ic  SJitrogen in  th e  

W ater o f th e  M is s is s ip p i  'Eiver**, S c ien c e , 73, #1902 *652, June 1931*

2 ■

N. 'lak estraw , 11 The O ccurrence and S ig n if ic a n c e  o f Wit r i t e  i n  th e  
S m nt  B io l, -B a n , 71*133-167, 1936* ■

B« Saw son, " P h y s ic a l and Chemical S tu d ie s  i n  .lake® o f th e  P rince  
A lb e rt P a rk , Saskatchewan1*, dour* H©1* M . o f  Canada, 11, #3 *227-283, 
1936,

. G« H utch inson , !iB co lo g ica l Papeete  o f S uccession  In  H a tu ra l 
P o p u la tio n s41,  M a r le a n  M a tu r a l ia t , . m ?#4© 6-41S , Sept* 1941*



y ie ld in g  c o n d itio n s  which worn more conducive to  p h o to sy n th e tic  a c t iv ­

i ty *  The s ig n i f ic a n t  re d u c tio n  i n  th e  n i t r a t e  and phosphate co n cen tra ­

t io n s  e a r#  in v e rs e ly  c o r r e la te d  w ith  oxygen and pH fa c to rs#

I t  has been shown by Harvey |h a t  f e r t i l i s a t i o n  o f  o f fsh o re  &m
t

w ater w ith  n i t r a t e s ,  phosphates and I ro n  supported  d ia to aaceo u s forms* 

The p ro d u c tiv ity  r e s u l t in g  from t h i s  type  h a b i t a t  was moderate# Fur# 

th e r*  t h i s  in v e s t ig a to r  i s  o f  th e  o p in io n  th a t  d ia to m -p ro d u e tiv ity  was

in c re a se d  percep tib ly  more i n  a  n i t r a t e  medium th an  In  a  phosphate
2

medium* I t  was shown t h a t  10*4 more n i t r a t e  n i tro g e n  was used  by th e

organism s th a n  was phosphate-phosphorus• T re a s le r  proposed t h a t  h ig h
3

n i t r a t e  v a lu e s  a re  in d ic a t iv e  o f  la k e -p ro d u c t iv i ty . th e  rang© in  va lue  

o f  th e  a re a  In v e s tig a te d  was from 1*00 p*p*m» to  0*050 p*p*m* Th© low er 

v a lu es  were o b ta in ed  a t  th e  end o f  summer*

th e  n i t r a t e  range in  th e  © atuarine  w a te rs  o f  th e  Chesapeake Bay
4

a s  re p o r te d  by Hash was from 0*00 to  8*2 X  10 mg* atoms o f  H p e r  l i t e r *  

The n i t r a t e  va lues d e c l in e  downstream, t h i s  d e c re a se  i n  c o n c e n tra tio n  

i s  due i n  p a r t  t o  t h e ' consum ption o f th e  n i t r a t e s  in  i t s  downstream 

p ro g re ss  and to  th e  io g re e a ie n  o f n i t r a t e s  in  th e  f r e s h  lo s e  s a l in e  

w aters* The a l t  r a t  © -n itrogen  va lu es f o r  th e  bottom w a te rs  were

1
H* Harvey, * Substances- C o n tro llin g  Growth o f e Diatom” , dour* Mar* 

B io l . ,  23*499-520, 1939*

2
H* Harvey, “Growth o f  Phytoplankton” 9 dour* Mar* H o i*  24* 115-123,1940

3
W* T re s s le r ,  1* T iffan y  and W. S pencer, “ lim n o lo g ic a l S tu d ie s  o f  

Hickeye la k e ,  Ohio**, Jour* 3 c i* ,  l i ,# 5 i2 6 l - 2 § 0 ,  1940*

4
€« Hash, “E nvironm ental C h aracteristic*  o f  a  E lver E stu ary ” ,  

Chesapeake Biol* Lab. Fub. 64*147-174, Doc* 1947*
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g e n e ra lly  h ig h e r and never l e a s  th a n  th e  su rfa c e  v a lu e . W inter concen­

t r a t io n s  were h ig h e r  th a n  a t  any o th e r  ©©aeon*.

W it r i te s . As p re v io u s ly  s t a t e d ,  b a c t e r i a l  a c t io n  i s  re sp o n s ib le  

f o r  th e  decom position  o f  p r o te in  compounds to  ammonia, n i t r a te #  and n i­

t r i t e s .  I t  can  he seen  th a t  s in ce  n i t r i t e - n i t rog&n i s  th e  in te rm e d ia te  

u n s ta b le  fo rm , i t s  p resence  in  th e  w ater can be in te r p r e te d  as an  index  

t© th e  n itro g e n  c y c le  e q u ilib riu m .

In  in v e s t ig a t in g  th e  Clyde t e a  a r e a ,  G rr found th a t  th e  range o f
1

n i t r i t e - n i t r o g e n  was from G.OOX to  0.003 m g ./I . In  o rd e r  to . a s c e r ta in  

th e  e f f e c t s  t h a t  a lg a e  m ight have on th e  n i t r i t e  c o n c e n tra tio n , th e  a l ­

gae were rea red  in  th e  w ater under v a ry in g  ex p erim en ta l c o n d itio n s  and 

th e  v a lu es were th en  reco rd ed .

I t  was found th a t  th e  n i t r i t e  c o n ce n tra tio n s  were a p p re c ia b ly  

r a is e d  even a f t e r  th e  p ro d u c tiv ity  o f  p lan k to n  ceased . I t  was t h i s  in ­

v e s tig a to r*  s o p in io n  t h a t  such f a c to r s  aa n i t r a t e  c o n c e n tra tio n , in ter*- 

c i t y  o f  l i g h t  and n a tu re  o f  th e  f l a s k  in fluenced  th e  r e s u l t s  s i g n i f i ­

c a n t ly .

I t  was a ls o  observed  th a t  n i t r i t e  value#  in  th e  summer ranged 

from O.GGX to  0 .0 1  m g ./ l .  i n  th e  upper s tra tu m  o f  w a te r , th e  v a lu es  f o r  

th e  low er s tra tu m  were g e n e ra lly  g r e a te r  th an  th e  su rface*  O rr concludes 

t h a t  n i t r i t e - n i t r o g e n  v a r ia t io n s  o f  se a  w ater may be a  r e s u l t  o f  a )  a c t io n

o f  b a c te r ia ,  b) u l t r a  v io le t  l i g h t ,  c) a lg a l  p lan k to n , and d) in g re s s Io n  

o f  n i t r i t e #  from, f r e s h  w a te rs  and th e  atm osphere.

The range o f  n i t r i t e - n i t r o g e n  as recorded, by Bawson i n  la k e

4. G rr , ^ n i t r i t e  Content o f  Sea. la te r* 1,  J o u rn a l Mar* B io l , ,  
14?55-36, 1$2?*
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i
W sskesin was from  0*00 to  0*003. p . p.m*

I t  was m ain tained  by Hakestraw th a t  th e  n i t r i t e  d i s t r ib u t io n s  and 

c o n c e n tra tio n s  were p o ss ib ly  c o r re la te d  w ith  such b io lo g ic a l  f a c to r s  as 

b a c te r i a l  and p lan k to n  d i s t r ib u t io n  and w ith  such p h y sio -ch csd ca l fa c ­

t o r s  as d is so lv e d  oxygen c o n c e n tra tio n , tem p era tu re , d e n s i ty  and in te n t
2

s i t y  o f  I llu m in a tio n *  This In v e s t ig a to r  found th a t  n i t r i t e  concen tra ­

t io n s  w ere g r e a te r  a t  decreased  w in te r  tem peratures*  With in c re a sed

tem p era tu re  and co rrespond ing  consum ption o f  n i t r i t e s  by p lan k to n , th e  

v a lu e  was decreased* P en a lty  and c o n c e n tra tio n s  o f n i t r i t e s  were in  

d i r e c t  c o rre la tio n *  Whenever t h i s  was n o t In  accord a t  h igher, v a lu e s , 

i t  was observed to  be a  r e s u l t  o f  p le n k to n -p ro d u c tiv ity * .

Except f o r  th e  s h o r t  d e c rea se  in  e a r ly  s p r in g  due to  th e  i n i t i a l  

bloom o f p ia n k te r s ,  th e  su rfa c e  v a lue  o f  n l t r i t e - n i t r o g e n  was low in  

w in te r  fo llow ed  by an  in c re a se  i n  s p r in g  w ith  th e  maximum v a lu e s  being  

reached between dun# and Septem ber.

Muddy bottom s tended  to  y ie ld  h ig h e r n i t r l t e - n l t r o g e n  co n cen tra ­

tio n s*  F u r th e r , i t  was found th a t  o x id a tio n  o f  o rg an ic  compounds were

g r e a te r  in  sh a llo w er th an  in  deeper water®*
' ' ' ' 3

The amounts o f  n i t  r i i  e - n i t  rogen found in  Buckeye la k e  was n eg lig ib le* '

T r e s s le r  and o th e rs  a r e .o f  th e  o p in io n  t h a t  t h i s  q u a a i- l ib o ra  c o n d itio n

1
' 0# Bam son, wP h y s ic a l end Chemical S tu d ie s  i n  lake® o f th e  F rio e#  

A lb ert P a rk , Saskatchewan**, Jour* Biol*' Bd* o f 0&nada,IX,#0*227-233,1936

2
$♦ H akestraw , ^The O ccurrence a n d . S ig n if ic a n c e  o f ’H i t r i t e  i n  th e  

Sea**, B io l. Bull* ?ltl33*»16?, If3& .

3
W* T re a s ie r ,  L* t i f f a n y  and W* Spencer* “L im riologlcai S tu d ie s  

of'B uckeye la k e ,  Ohio11,  Ohio dour* B el* , I I , #5 * 26I~29Q, 1940*
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r e l a t i v e  to  n i t r i t e - n i t r o g e n  c o n c e n tra tio n s , i s  in d ic a t iv e  o f  an ab­

sence o f  sewage p o llu tio n *

th e  range o f  n i t r i t e - n i t r o g e n  in  th e  e e tu a r in e  w aters  o f  th e
: I

Chesapeake Bay ranged from 0 .0 0  to  0*6 I  10~3mg. atoms p e r  l i t e r *

Some d e te rm in a tio n s  w ith  a maximum range o f 1*1 X 10*3.were a ls o  ob­

ta in ed *  th e  bottom  w a ters  were more r i c h ly  su p p lie d  w ith  n i t r i t e - n i t ­

rogen th a n  th e  s u r fa c e , f u r t h e r ,  se a so n a l v a r i a t i o n s . were evidenced 

by th e  f a c t  ' t h a t  s ig n i f ic a n t ly ' 'h ig h e r v a lu es f o r  n i t r i t e  n itro g e n  were 

obtained-, from J u ly  to  October* These va lues were not d u p lic a te d  d u rin g  

th e  o th e r  months*

l a  th e  P a tuxen t E lv e r , Mash found t h a t  th e  n i t r i t e  n itro g e n  ranged
2

from 0*0 t o  1 .5  I  10*3-.jag, a tom s-per l i t e r ,  H igher c o n c e n tra tio n s  were 

o b ta in ed  a t  th o se  s t a t io n s  i n  th e  bay o r  low er h a l f  o f  th e  .e s tu a ry , e .g .  

0 .2  X lQ-3mg. atoms p e r  l i t e r  f o r  th e  su rfa c e  w a te rs  and 0*3 1  10-3 f o r  

th e  bottom  w aters*  The deeper w a te rs  y ie ld e d  h ig h e r  va lues th a n  th e  

su rfa c e  w aters*  Ifcle was a t t r ib u te d  to  th e  muddy bottom s which po ssess  

g r e a te r  n i t r i t e - n i t r o g e n  regenera tion*  However, t h i s  c o n d itio n  was not 

c h a r a c te r i s t i c  o f th e  w a te rs  o f  th e  upper e s tu a r in e  w a te rs .

S i l i c a t e s * This,compound . i s  o f  p a r t i c u l a r  i n t e r e s t  s in c e  i t  i s  th e  

main c o n s t i tu e n t  o f d i a t o ^ s h e l l s j  one o f  th e  w aters m ost Im portan t p r i ­

mary producers* The r o le  p layed -by  diatom s in  th e  economy o f  any a q u a tic  

environm ent cannot be ignored* f u r t h e r ,  s i l i c a t e s  a re  in c o rp o ra te d  i n

1
C. Reweorabe, W* Horne and B* Shepherd, 11 S tu d ie s  on the  Physics 

and Chem istry o f ' V s tu s rin e  W aters in 'C hesapeake Bay, dour* War* Res*, 
11, #2107-116, 11939*

2 '
C* Wash,. "E nvironm ental C h a ra c te r is t ic s  o f  a R iv er E s tu a ry " , 

Chesapeake Biol* ■ la b .  Pub. 64* 1 4 ? -i? 4 , Oec* 194?*
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th e  s k e l e t a l  s t r u c tu r e s  o f  many o th e r  Im portan t a q u a tic  forms* th i s  

f a c to r  i s  p robably  one o f  th e  more v a r ia b le  o f  th e  chem ical f a c to r s  i n ­

volved in  a q u a tic  h a b ita ts*

S t r a t i f i c a t i o n  la  n o t uncommon* a lth o u g h  both su rfa c e  and. bottom  

c o n c e n tra tio n s  may be h i # *  Higher .su rface  values*  when p re s e n t ,  a re  

p o s s ib ly  due to  th e  in f lu x  o f  f r e s h  w a te r from  th e  r i v e r s ,  which a re  

more b o u n tifu lly  su p p lie d j w hile  h ig h e r  bottom  c o n c e n tra tio n s  a re -d u e  

t o  th e  d is s o lu t io n  o f  d iatom  s h e l ls  which a f t e r  dea th  because o f  t h e i r  

w e ig h t, f a l l  t o  th e  bottom*- Xhe absence o f a i l i e a te ^ s i l l c c m  from  th e  

upper s tra tu m  may be in d ic a t iv e  o f  p r o d u c t iv i ty ,  however, th e  In h e re n t 

la c k  o f  t h i s  compound does no t a c t  a s  a l im i t in g  f a c to r  in  phytoplank-* 

to n -p ro d u c t iv i ty *

th e  e s tim a ted  va lue  o f  s i l i c a  on th e  f l o o r s 'o f  th e  v a rio u s  la k e s .

in v e s t ig a te d  by Juday ranged frcm  14*6$ to  $2*7$ (d ry  w e ig h t) , th e  se c -
1

ond h ig h e s t  i n  m in e ra l v a lue ,

th e  fo u r  c lim a c tic  .periods noted by Meloehe and c o in v e s t ig a to r s ,

r e l a t i v e  t o  d iatom  p ro d u c tio n , occurred. In. J a n u a ry , A p r il ,  dune and
2

O ctober| th e  l a t t e r  being th e  moot p ro d u c tiv e  month* On th e  o th e r  

hand, s i l i c a  c o n c e n tra tio n s  appeared  t o  d e c lin e  i n  Hov ember and Jan u ary  

arx! r i s e  i n  e a r ly  spring* Summer y ie ld s  which were p ro p o r tio n a te ly  low , 

ware fo llow ed  by h ig h e r  c o n c e n tra tio n s . I t  appeared th a t  th e  r e l a t i o n

1
C* Juday , E, B irge and 7* E e lo eh e , "Chemical A naly sis  o f  Bat ton 

d e p o s i ts  o f  W isconsin la k e s  XX, Second .Eeport, t r a n s a c tio n s ' of- l i e  cons in. 
Acad* Sci* A rts  and le t t e r ® ,  33594-* 114, 1944* -.

a
7 , M eloehe, G» l e a d e r .  I* S a fran a k i and C* duday, f*Xhe S i l i c a  and 

.Diatom C ontent o f Lake Mendota h a te r ”,  t r a n s a c t io n s  o f  W isconsin Acad* 
Arts md  I*tt*ra, xm$36$~376s 1938*
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tort**** •ULie« population  i*  not « » * ifo s i« d , exoopt
/

in  ill*  Ottefcer VXeow* Us* range t o  t h i s  fae&er we* - between f# 4  t e  2*5 

?*$«*• fe a e e a a i c ir c u la t io n  r e e w lte i 1* * m & *m  difttrtb&tle& e f  dia~  

tains and a lH e a te » a ille * « »

tt»e e a c a m to tto io f  the e e te a r le *  water*. ■-«# th e  dtieaapeafc# S*f fa r  

e lite * . ee&fceaV y ie ld e d  r e e o ite  which were Mgfc M  w ith

water * f  t o  e e iln ity *  t ft** h igh est w l t i #  w eretote& aed in  th e  I t f  be­

tween a p r i l  end October when tlse rang# var ied  free, 19 1  10*3 %* 30 X
I

lower ta in t*  twtgglgg from 3  M W r& \to  20  X 10**$ war* ebfcettied In  winter*

JN@r wai*ra gta ld ad  lower value* than tit* lea*  s a l iv a  r iv er  w ater*, Hi* 

eens*Riratl*m fo r  th e  2* ties? ranged fro® 50 X ICT® to  120 X a te * » /t .

ir* # * l* r  and e th ers  found ilk* a i l ie a n  content a f  th*  water* o f  H&efc-
a

a t*  Imk* 4© rang* f>© Jil*4 4© i* 0  y*p#i». th e  loner valaea r e a d ie d  

free* an l#i*rea*e o f  b io lo g ic a l  a c t iv i t y  in  ilia  t o *  daring th a t mmmm* 

Further, i t  wee fewed th a t th e  lack  o f  e a t iv a l  rais* wee m l  eeedeolw*

4a High a liie o R  eeuceatratleau

th e rang* o f  e l l i c o n  tm the' fe iu atati M ter  according i t  Saak, 

varied f r e e  §  X 10**$ to  3 t f  X 10**$ eg* a t o e  per l i t e r *  fke lamer va l­

ue* were olMierved to  b* eemfiised l a  a narrower raage aa the water in -  

created  l a  ©tUorialiy* Surface values averaged 13 fa r  t e a t  higher than

t
C. ftewteghe, % Herat and 1* shepherd, *&%adig* m  t i e  ffejmie* a  

OtUMtifrtfy » t  fe ta e r fa e  Watera in  0h#a«p**ke Say*, daur*Mav*lea*# $&Mt 
m ~iM , X99»#

X
w* fr* t a le r ,  X* f if fa o y  tad  t*  Spencer, " ito ^ X iig le e l s ta d ia  * o f

Suckey* la k e ,  Ohio*, Otiio deer*  S o l* , X X ,# S it4 l~ if(l, I f 40*

$
$» Hath, *ih*irom *fit*X  0l*M»e%*ri*bie* o f  a  M?#t le tea v y * , 

£3****p**fce b io lo g ic a l  laboratory F u b liee tlo n  # 4 4 il4 ? * lf4 , Fee* 1949*
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th e  w a te r o f th e  lower stratum * S i l i c a te s  p re s e n t in  th e  a re a  were

predom inantly  a r e s u l t  o f  th e  in f lu x  o f  r i v e r  w a ters  r ic h  i n  s i l i ­

c a te  c o n te n t,  s in c e  th e  muddy e s tu a ry  f lo o r  does no t lend  i t s e l f  t o  

s i l i c a t e  reg en era tio n *  Because o f  t h i s  s i l i c a t c - s i l l c o n  c o n c e n tra tio n s

may be used a s  a  f  resh  w ater index*

Iron* I ro n  compounds a re  one o f th e  chem ical c o n s t i tu e n ts  o f
1

a q u a tic  env ironm ents. I t  i s  b e lie v e d  by Gran t h a t  h a b i ta t s  e i t h e r  ^

low o r  w anting  i n  i r o n ,  c o n d itio n  th e  growth o f p la n t s ,  w hile  Harvey 

and Thompson and Brenner observed  th a t  d la to a -p ro d u c tiv i ty  and iro n

c o n c e n tra tio n s  appear t o  be in v e r s e ly  r e l a te d .  However, i n  c e r t a in

a re a s ,  i r o n  compounds p a r t i c u la r ly  f e r ro u s  su lp h a te  and f lo c c u la t in g

f e r r i c  hydroxide in  h igh  c o n c e n tra tio n s , because o f  t h e i r  to x ic  e f f e c t

on m acro-and m icroscop ic  a q u a tic  o rgan ism s; a re  s e r io u s  p o l lu ta n ts .

While fe r ro u s  i ro n  p robab ly  does occur n a tu r a l ly  in  th e  hypolim nion o f
4 ' ■ ..

c e r t a in  w a te rs  acco rd ing  to  H utchinson ,  i t  i s  n e u tr a l i s e d  fey su b s ta n ­

t i a l  c o n c e n tra tio n s  o f  b icarbonate#*  ffee d e l i t e r io u s  e f f e c t s  o f 

copperas ( f e r r o u s  su lp h a te )  has been v a r io u s ly  in v e s t ig a te d .  W eigelt 

observed t h a t  copperas i n  iap w ate r i n  th e  c o n c e n tra tio n  o f  2 ,721  p .p .m .

1
B. G ran, n0n th e  C ondition  f o r  P ro d u c tio n  o f  P lan k to n  in  th e  Sea*, 

C o n se il Perm. I n t e r n a t .  Ix p lo r .  de l a  H er, Sapp, e t  P roc. V erb ., 75? • 
3 7 -4 6 , 1931.

2
S» Harvey, ^Supply o f  I ro n  to  BjUtoms1*, Jo u r . Mar. M o l . ,  22*205- 

219, 1937*

3
f .  fhompson and B. Bremner, wfhe O ccurrence o f  I ro n  i n  W ater o f 

N o rth east P a c if ic  Ocean11,  C o n se il Perm. In te rn a t*  I x p lo r .  de l a  M er., 
J o u r , du C o n se il, 10*39-47, 1935.

4
G. H utchinson, "Chem ical .S t r a t i f i c a t io n  and lake- Morphology*, 

P ro c . N a tio n a l Acad, o f S e i . ,  24 ,#2*63-69, W3$*
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was f a t a l  to  t r o u t  and C a lifo rn ia  salmon in  th i r ty -o n e  to  s ix ty - s ix
1

m in u tes . C lark  in v e s t ig a t in g  th e  e f f e c t s  o f  t h i s  substance on c a rp ,

sh in e rs  and puckers* dem onstrated, t h a t  t o x ic i ty  was evidenced in  fo u r  to
'*  2

tw en ty -fo u r hours w ith  c o n c e n tra tio n s  o f 2*9 p*p*su. i n  d i s t i l l e d  water* 

C arpen ter M ain ta in s t h a t  a  c o n c e n tra tio n  o f  3*5 p .p .m . 'in  d i s t i l l e d  wa­

t e r  m s  le th a l ,  to  Minnows ( le u c ia o u s  phoxinus) w ith in  a ’p e rio d  o f th re e  
3

hours# B i l l s  observed t h a t  g o ld fish *  C rasslu s aufcatus, su s ta in e d  

copperas i n  c o n c e n tra tio n s  o f  100 p*p#an in  h a rd  w ater over r e l a t i v e ly  

lo n g  periods*  however, c o n c e n tra tio n s  o f  1000 p«p#m* caused d ea th  w ith in  

two t o  te n  hours* I n  th e  case  o f th e  fo u r-sp in e d  s t ic k le b a c k , A peltea 

quadracue. L i t t l e f o r d  found a  wide d if fe re n c e  i n  th e  to x ic i ty  o f
5

copperas which was co n tin g en t upon a p a r t i c u l a r  env ironm ental complex#

At a tem p era tu re  o f  24*0 — 2 #0^0*, i t  was found th a t  any c o n c e n tra tio n  

g r e a te r  th an  12$ p*p#«n was l e t h a l  t o  some e x te n t ,  w h ile  a t  a tem pera­

tu re  o f 12*0- 2 .0°C , one hundred p e r cen t s u rv iv a l  was o b ta in ed  i n  a

1
C* W eigelt, 0* Saar© and 1 . achw ale ,tt0ee  chadegung von F re sc h e re l 

and F ischauuch t dureh  In d u s t r ie  and Hans A vervasser” , A rchev.Fur Hugien© 
3*39-117, 196$.

2  •

H* C lark  and G. Mams, n S tu d ie s  o f F ish  l i f e  and W ater f o l i a t i o n ” , 
F o r ty - fo u r th  Annual R eport o f th e  S ta te  B&. of Kea. Mass*, P u b lish ed .
Doc* #34, 4 :336-345 , 1913*

■ 3 • ■ * ' *
K* C a rp en te r, . l e th a l  A ction of S o lu b le  Meta l i e  S a l ts  on

F ish e s11, B ritish - .Four# Exp# B io l* , 4 :376-390 , 1927* 

4
II* E l l i s ,  d e t e c t i o n  and Measurement o f Stream  P o l lu t io n ”,  Bull# 

0*3* Bureau of F i s h . ,  X1VII:6$~437, 1937

3
E* i i t t l e f o r d ,  ”S u rv iv a l o f  Four-Spined  S tic k le b a c k , A peltea 

quadra cue, i n  Copperas D ilu tio n s 1*, inpub lished#  -



c o n c e n tra tio n  o f  500 p*p*m« Tem perature v a r ia t io n s  could  he c o rre la te d  

w ith  changes l a  th e  pit o f ik e  aolufclon, and i t  was concluded t h a t  th e  

to x ic  e f f e c t  o f  copperas i n  b ra c k ish  -water Was th e  r e s u l t  o f  a lower log  

o f ik e  p i  o f  th e  s o lu t io n  below th e  norm al H a l t s  o f  a d a p ta b i l i ty  o f 

th e  organism* I t  was suggested  th a t  th e  l e th a l  e f f e c t  o f  copperas was 

a r e s u l t  o f  th e  chem ical and p h y s ic a l  In ju ry  r a th e r  than  t r u e  to x ic  

ac tio n *  t h i s  co n c lu s io n  was su p p o rted  by th e  f a c t  th a t  some f i s h  ha4 

boon k e p t f o r  p e rio d s  o f s e v e ra l  months i n  c o n c e n tra tio n s  ran g in g  from  

M3 t o  1,000  p*p#«u w ith o u t apparoat kam «

acco rd in g  t o  T r u i t t ,  th e  p o llu te d  a ro se  o f  th o  F s tap seo  Id v e r were
X

n o t s e v e rs  a t  th e  tim e  o f h is  inv#a t i g s t i e s ,  ho s ig n i f ic a n t  change In  

th e  e a te r s  o f  th e  Chesapeake Say was observed  ae  a r e s u l t  o f  th e  pellw~ 

t i e s  o f th e  F a tapseo  iiv e r#  S ubsequen tly , however, T r u i t t  in v e s tig a te d

th e  e f f e c t s  o f  f e r ro u s  s u lp h a te , th e  most se r io u s  p o l lu ta n t  o f  th e
2

area*  th e  study in c lu d ed  th e  p e rio d  from th e  tim e  o f  copperas d is p o s a l  

to  th e  fo rm a tio n  o f  th e  f lo e  and ensu ing  d e p o s itio n  on th e  bottom* 

th e  b io lo g ic a l  s ig n if ic a n c e  o f t h i s  p o l lu ta n t  In  i t s  v a r io u s  form s was 

a ls o  s tu d ied *  I t  was found t h a t  adherence ©f th e  f l e e  to  p la n k te ra  

p a lle d  them to  th e  bottoaa i n  th e  p ro ce ss  o f  s e t t l in g *  f u r t h e r ,  th e  

g l l l e d  form# s u f fe re d  a sp h y x ia tio n  by th e  d e p o s itio n  o f  th e  f lo e  on 

th e  g i l l  lam ellae*

th e  h ig h  fe r ro u s  su lp h a te  v a lu e s  recorded  f o r  th e  F a tap aee  H ire r
0

1
h* T r u itt , 11 Annual Report Chesapeake B io lo g ic a l Laboratory”,  

Chesapeake M el* lmb«, #34# 1939*

2
ft* T ru it t#  ttln n u « l R eport11,  Chesapeake l l e l .  l a b . ,  #40 , 1940*



I
were found im  th e  a re a s  o f  .copperas d is p o s a l ,  t h e . eonceiib raiieas ' 

ranged from a  t r a c e  t e  1$ mg* p e r  l i t e r #  depending upon th e  p re x in l ty  

to  th e  senree* th e s e  in v es tig a to r©  e re  o f  t&e o p in io n  th a t  fe r ro u s  

I ro n  rem ains i n  t h i s  c o n d itio n  f o r  ©onetime# d u rin g  which p e rio d  th e  

copperas draw# s e r io u s ly  upon th e  d isso lv e d  oxygen co n ten t o f  th e  area-*

A subsequent o x id a tio n  to  th e  f e r r i c  f o r a  occurs*

f e t a l  i r o n  concentra tion©  were recorded  t o  a s c e r ta in  th e  course# 

a t te n u a t io n  o f  th e  p o l lu ta n t  and to  determ ine th e  i r o n  forma ( s o lu b le  

and in s o lu b le )  . r e c i t i n g  from f a r  roue su lphate*  fha  e x te n t  o f -p rec ip i­

t a t i o n  end th e  s ta g e  o f o x id a tio n  wee found by a com parison of th e  

value*  o f  so lu b le#  in s o lu b le  and fe r ro u s  iron*  th e  range o f t o t a l  i r o n  

c o n ce n tra tio n *  mm found t o  be h ig h e s t  % a  th e  en v iro n s  ©f coppers* d i s ­

posal#  and d im in ish in g  p ro p o r t io n a te ly  a t  v a ry in g  d istance©  from  th e  

sou rce  (*44? p*p«au to  IB#? $»3m u )»

fhe range o f so lu b le  i r o n  was found t o  be from  0*032 to  6*2b p*p*su 

t h i s  f o r a  o f i r o n  i s  an  Index to  th e  copperas p ro d u c ts  which h e r e .y e t  

to  f lo c c u la te *

Hie v a lu es  g iv en  f o r  in s o lu b le  i r o n  ranged from 0*:ti4 ?«p*»« to  

10*3 p.p*a*

O lsen .gad M s  eowevkers found t h a t  bo th  p ian k to n ic  form s and 

m acroscopic fo r* *  were a f f e c te d  fey th e  p o llu ta n t*  M decided  u p se t i n  th e  

e c o lo g ic a l  b a lan ce  o f  th e  a r e a  under in v e s t ig a t io n  was 'noted.*

1
B* f r u i t t #  "annual Report” * Chesapeake B io lo g ic a l lab o ra to ry #

#40# I f 40#



Jlth o u g h  a  w idening o f  th e  p o l lu te d  -area o f  th e  Patapac© E lver was
1

noted  by f r u i t  t*  to x ic  e f f e c t#  to  a q u a tic  © rgaalaft* ' wag m t  observed.*

1
I t  . f w l t b ,  ^Axumal Eftport15̂  Chesapeake B io lo g ic a l la b o ra to ry *  

#40* 1 W *
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o u p f n  i i

& m m * m  * m  m m o m  >

i t  each ©f th e  d e s ig n a te d  e la tio n *  (F lu te  I ) ,  w ater sam ples wet#

©oMaebed i^ r '-e h e iid c e l f^d  . j^ePeMoIcjg^G*!- d e ta r ^ n a t i e n s  by me*j|i,/©f

c o l l e c t io n  o f  jaaeraplju& toii* Surfac#  and dep th  asmpl*# wet# tak e n  a t

from th e  Akim* Beat dompany *o th a t  th e  © ffshore e t e t t a n s  cou ld  b* 

v is i te d *  th e  w ater' c o ile o ta d  we# p ieced  in  numbered c i t r a t e  b o ttle s*  

th e  b o t t l e s  use#  i© e o a ta ia  th e  w a te r f o r  chem ical a n a ly a la  wore 

ti&msmM** b e l t  le a  o b ta in ed  trm  th e  in iw a ra ity  o f  M aryland and eeoM  

be dlatlm gw lehad .fro*, the*#  e i t r a t e  b o t t l e s  uaod. t o  © entaiit th e  plank­

to n  sample* in  th a t  th e  form er bo re  b lack  rubber l i d  r in g s ,  w h ile  th e  

l a t t e r  bore re d  robber l i d  ring#* fb e  p re s e rv a tiv e  weed wee 10 per 

c e n t  f i l t e r e d  a e u lr a l ia a d  form aldehyde {6c*e. p e r  S50**e* c i t r a t e  

b o t t l e ) .  The tempore tore®  wore road  from a  ty p ic a l  rover'aim s th em e* *  

• t e r .

B io lo g ic a l J n a ly a ia .  th e  p lan k to n  sample* were a rranged  I n  -order 

and a llow ed  to  s e t t l e  f o r  a minimum o f  two weeks, a f t e r  which tim e , th e  

w ater o f  kmm& v e lu m  was siphoned o f f  by lep e r#  from th e  to p  t© bottom 

to  *#«**?# a minimum lo o s  o f  m a te ria l#  % *  p lan k to n  c o n c e n tra tio n s# 

ale© of'know n velum*, were p lac ed  l a  numbered 25 c#c. v ta i® . ^ a n b i -  

t a t i v e  p lan k to n  d e te rm in a tio n #  w ere mad* by -m m m im tim i o f  1 cue* o f 

tii#  ©©ncentr&te i n  a Bedgwick JKefter co u n tin g  c e l l ,  under h igh  m a g n if l-

m fC a ra t ' b o iila ,"  W hile' a ' nbkfeer Flankbom aab was need f o r  lit*  -

th e  o f f s h o re  s ta t io n s .  -Ska'd*aa-B  ( f l a t *  ? , T iger*  1} was c h a rte r* ^

e e tie n #

th e  fo llow ing ' component* o f  th e  w a ter saisplaa
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m m  dotojimUuM quanttiattiraV' hr ehoftleal *a*lr*l* according to the 

method i«d ie* ied *

mi&ed eeX aneirieallr to  tte ,n e tte d  jKroeerifeed i$r tie© J*orleai»
1

feb iie  Health m&mt&ttm* £he fra* earbeit dioxide wa* datottNtaed I f  

titra tion  of tfeo aaaplo «itt* i /4 4  f»g0§j m  i /4 4  1104 (dnjM&ing sjMm 

nhether l i t  mtiglml ««a»#le ««§ aitsaXis# o r aatd in  roastleii} osiiig 

pheaeIpbtbaleiu. a t  the indicator*

•l^ixed* earben dlonida *e» deieraiaed hr titration  to the oath?! 

er*n©« •&£ fo is t with i/4 4  IICU

1Wm tenia for fch* method- i«  t ie  feet 'tfeat oarteaaiee ere aii§aMjie 

to ipheaolphtbaXeia, bisartesafe* ere aeateaX and free ear bon dioxide la  

&eJ4* Stihyi arena* i* set affected % ear bon dioa&de* #o that fceae* 

l*r*#*f*f at oayteooto* can ©a titrated  direnfijr edtb ttMdard eeid* 

ianaa# i f  water i» m itral- or aoM to ^mmlphXhrnlmtn  ̂ the "telfwte&iia* 

oartes dioxide ia  w*ml te  the *£4jc«i* ear ion diei&de* I f  tfc* nates 

la alkalis* to  phemljsHfchaXaia* i t  m  free carbon dieaid* and

the "tel^traa#!4* earten dioxide w ill ha .lee# than 'tee m£i*ed# carton 

dioxide If1 as entrant «%siiralast to that determined I f titration  w ill 

aoii u n til the aointles ia mistral to  pk*mlphfa&* lain*

I s  s f f i f l n i  the aforeae-allened aethed* i t  it' aeeeoeerjr to  non ©ai» 

cartel dloadUt* free d istille d  water i s  tee of a il  a<Awbljift»*

itaod ofd  acid  and a lk a l i  ael&tJUma abetild ha stored in. hard f la t *  

© elfin *  a s i  o teu ld  he ehoiltod fr# s& esiir  a g a in st each ether*

M m i'im n  f e t& e  X ea ite  teoe*la*lo*» *ltendard n etted *  fo r  the
t ia tm im tim .  o f  l a t e r  end INiwtme11̂  te e r ie a i i  l a b i l e  l e a l t e  d e o o o la tla %  
**» forlct n»* 1$|&*

Mth “fined* am! *£?*#* eastern dloaids nor# deter*

X



S lides*  th e  p r in c ip le  o f t h i s  method i s  .the com parison o f  th e  

yellow  e e lo r  lo fisd . fey th e  r e a c t io n  &f s i l i c a  w ith  melyfedie a c id  w ith  

s ta n d a rd  c o lo rs  e f . v a rio u s  pi e r i c  a c M  eo la tio n *  th e  co le *  com parisons . 

a re  mads.‘i n - a  Xlefet-Sumiaersoa c o lo r im e te r  u s in g  a  b lu e  f i l t e r *

I t  i*  im p o rtan t to  make th e s e  aisaXyaes as- q u ick ly  ee; jweeifele- 

a f t e r  the- sam ples a re  o b ta in ed  s in c e  . s i l i c a  from  g la s s  ho t t i e s  used f o r  -; 

e o l l e c t io a  and s to rag e , may .dXetolv© l i t  th e  w ater pm e ta ftd isg . aed. tha»  

f i e ld - h ig h e r  E ls ie s . ,*1% is -  a le e  .necessary . b© cheek th e  s i l i c a  c e s te n t  

o f  a l l  d i a t i l l e d , w ater used i n  th e  p re p a ra t io n  o f  m lu t io m  o r  f o r  

d i lu t i o n  o f  sam ples which a re  Myfe in  s i l i c a  content*

iXbfeeugh i r o n  and phozphom s i n te r f e r e  i n  t h i s  p ro ced u re , th e se  ■ 

e lem en ts , excep t i n  th e  p o llu te d  a r e a s ,  a re  n e t a e m s l l f  encenntered. i n  

h ig h .enough c o n c e n tra tio n s  i n  th e  w ater- anaXfsed- t e  o f f e r  any a p p re c i­

a b le  In te r fe re n c e * '

F h eash a te , l a  t h i s  p ro ced u re , pkmpkameXybdic. a c id  i s  reduced 

w ith  ntafm ous « h lo r id s  and- th e  r e s u l ta n t  molybdenum b ine  l a ' compared 

'with th e  c o lo rs  produced when s ta n d a rd  phosphate  s o lu t io n  i s  t r e a te d  i n  - 

the, same way* t h e  c o lo r  com parison i s  made w ith  a Elett-Swm merssn 

c o lo r im e te r  u s in g  a grmm f i l t e r *

InamttOti. as Beer* s law i s  a p p lic a b le  ©y«? on ly  a , sh o rt .range o f  

c o n c e n tra tio n  in* tfe ie  method, i t  i t  n sc e ssa ry  t o  p rep a re  s e v e ra l  s ta n ­

d a rd s  o f  v a ry in g  conceat-ra tlons and t o  mm  - t h a t  s ta n d a rd  which m ost 

c lo s e ly  approxim atea th e  c o lo r  produced by th e  sample fo r  comparison* 

a lth o u g h  h igh  c o n c e n tra tio n s  o f  c h lo r id e  i n  sea ''W ater in tro d u c e -a  

* sa lb  error*" caused fey change in  i n t e n s i t y  and hue ©f th e  c o lo r  pro­

duced, th e re  a re  so- «any e r r o r s  inherent- i n  th e  -method t h a t  i t  i s . no t 

n ecessa ry  to  a llow  for- th e  s a l t  cen t e a t  o f  th e  w ater i n  th e  fta&apsen
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!&*«* which I s  mrm or l e e s  about ©me-fostrbb that o f  son water*

M mm mkm  produce m c o lo r  s im i la r  to  t h a t  o f  phosphates- and hence, 

t r a c e s  ©f a r s e n a te s  would be included  l a  th e  phosphate  values*

I ro n , tfe* b a s is  o f t h i s  method i s  f i r s t ,  th o  d e s t r u c t io n  o f o rg an ic  

m a tte r  i® th e  sample tgr o x id a tio n  w ith  potassium  pittMxigft&st# end s u l­

f u r i c  a c id  atid second , development- o f  a  rod  c o lo r  upon th «  a d d it io n  

o f po tassium  tfciocynsts*  f h ia  c o lo r  i s  than  compared w ith  s ta n d a rd s  1® 

a  ftletfc-Somaaarson c o lo r im e te r  asirig  a b lu e  f i l t e r *

Jfc ts , c o lo r  developm ent #e*s o a t  .cor*fom to  Beer** £•** so ,,th a t  I t
,r' * • -N f . .  , : ' . > ; ;». .. - *  > \  •:• ':- I. ' J ;; •■-. ’.*

,4te'*a*$#sO«̂ 4r to .prsfaM  e ever al/standard solutions o f varying eoisssn»

t r a t io o s  as. l a  th e  phosphate  .method*

S u lpha te  io n  has s o  ad v e rs  a  o f f  s e t  upon th e  c o lo r  o f  th e  th io cy fia t#  
>. ■ ■ v i*

complex end hence ($0^) i t  IntroduGed in to  the standard solution to

compensate fo r  th is *

I r a n  u t e n s i l s  and I ro n  h o t p la t s *  should n o t he used  d u rin g  th e  

p re lim in a ry  e v ap o ra tio n  o f  th e  a ample because m  e r r o r  isay r e s u l t  fro® ■ 

accidental contamination*

D isso lved  -fltty^en* t h i s  method i s  the. w e ll  .known W inkler method 

baaed upon th e  r e a c t io n  between th e  ojsygen sad  ma&giincus su lp h a te  i n  

a lk a l in e  so lu tio n *  th e  r e s u l ta n t  manganese hydrox ides r e a c t  w ith  

po tassium  io d id e  I n  th e  ■ prss-sncs o f  s u l f u r i c  a c id  end th e  l ib e r a te d  

io d in e  i t  t i t r a t e d  w ith  sodium ih lo s u lp h a te  u s in g  s ta r c h  a s  th e  in d i ­

cato r*

f t#  g r e a t e s t  p o s s ib le  sou rce  o f  e r r o r ' i n  t h i s  method l i e s  I n  th e  

c o l le c t io n  o f  th e  sample i t s e l f  * Ixfcreme c a re  m ust be ta k e n  no t to  

e n tra p  a ir ' i n  th e  c o n ta in e r  d u rin g  th e  aam ple-e © fle c tio n  process*

% e  d e te rm in a tio n  ‘i s  based upon th e  m rnm m m m t  o f  th e
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volume o f efcead&rd s i l v e r  u l tr a * *  s o lu t io n  which Is . n ecessa ry  to  p r e c ip i ­

t a t e  a l l  * f  tli*  c h lo r id e  in  th e  sam ple a s  s i l v e r  ch lo ride*  Ttoiaesluit 

chreat&t* fa  used m  t h e  in d ic a to r*

th e  on ly  p re c a u tio n  to -b e  observed  in  t h i s  m other l a  to  be c e r ta in  

- tha  t  e l l  g lassw are  fee® been sc ru p u lo u s ly  cleaned  w ith  d lchreaia t*  s u l­

f u r i c  - a c id  c le a n in g  m ixture*

M frrlt;»~»it.rogen* . th e  re d  c o lo r  which develops w hen/as a c e t ic  

a c id  sa lta tio n  o f  a lpha  napbhyfam|ji® arc added to  a s o lu t io n  c o n ta in in g  

n i t r i t e  f o n t s  th#  h ast*  o f t h i s  p ro ced u re , th e  c o lo r  i#  compared w ith  

s ta n d a rd s  in  a ' K ia tt^ o a u & rse n  c o lo r im e te r  u s in g  a g roan  f i l t e r *  £ ti 

a r t i f i c i a l  s ta n d a rd  o f  b a s ic  fu e h e la  may bo used in s te a d  o f  sodium, 

n i t r l t s  e o la t io n  w ith  w a te rs  h igh  i n  n i t r i t e *

I t  I s  im portan t t o  make these , d c tc m in a iie is a  on f re a h fy  c o l le c te d  

e s p i e s  because b a c t e r i a l  a c t io n  cau se s  a  s teady  and rap id , conversion , 

o f  n i t r i t e s  t o  n i t r a t e s  and ammonia*

jf i i r s te - M ir e g e n .  S o lu tio n s  c o n ta in in g  n i t r a t e s  g iv e  a ye llow  

c o lo r  when t r e a te d  w ith  a  re a g e n t made by t r e a t in g  phenol w ith  fuming 

s u l f u r ic  acid* This c o lo r  i s  i n t e n s i f i e d  when th e  s o lu t io n  lo  made 

a lk a lin e *  The d t i iv o  re a g e n t i s ' l j 2 #4 ' phe& > l*dlsu lfonic acM * •' f id e  

rea c tio n , f o r e s  th e  b a s is  o f th e  p rocedure  weed* The c o lo r  developed I n

With s ta n d a rd s  i n  *; fvletb-Suis&e^#ori o s lo r iw e te r  

u s in g  m b in #  f i l t e r *  ~ ■.

'j h lo r id e s  p re s e n t  up  t o -,30 p*p*at. d® *m t in tro d u c e  a s ig n i f i c a n t  

■ errof -but i f - p re s e n t in  g re a te r '■ co n cen tre  felons, th ey  m ust b a r  snored* 

l ik e w is e , c a r  h ow tos*  o rg an ic  n a t t e r  and  la rg e  cooceabfabio iis o f  n i­

t r i t e s  asu it be removed f o r  h ig h e s t  accu racy .

f e r ro u s  Iron* F e rro u s  i ro n  p roduces a deep c o lo r  when t r e a te d



with fa rric /* * 1 4 a  *&& ih ia  mX®v ia  o s ta  as tha

M am  ®f difaml&tci§' th a  $mm tjuaftiiia iiva iy  * tha to la ?  pwi*ea«t la  

' wmj***4 w ith ataatfaa&i i& s a a ia a ta i ta r  asing  a  gaaaa

f i l t a r .

Ta ia» w #  a m i  raaa lta*  th ia  ta a t  afecntldl llfeaalaa ha

4at*rain*a i a  tha  f i a ld ,  alas#  tha  fam m a loa  la  spick*# oxi£i*a<t to  

tha f a r M s  l«*u

ara  4 a ta r* iiia i a laa i# ^* t* ica lJI# : V  aaaaa of a Baakaan pit aater* !*»#•* 

eautions taham iirrolvad mt&Xmg tha a la e tre ta a  w ith hi*fcilia<I w atar 

a f t a r  aaefe a a a W iiii and ka^p ing  th a  a lac taM taw  £ r a *  X*<s» jfa p a ig * js a tia r#

Conaaiitgafctoa (#1)* tha % i.rOfa^*leo eoaeantpatioaa
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PLATE 52

RELATION OF ATMOSPHERIC AND 
SURFACE WATER TEMPERATURES
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n a m n

th e  f b f a t c s l  ta d  chem ical f a c to r s  o f  th e  a re a  in v e s t ig a te d  demon* 

a t  r a t e s  a  iM #  d e v ia tio n  from tfeo c h a r a c t e r i s t i c  p ro p e r t ie s  o f  s im ila r  

bodies o f  a ttar*  f l it  greater divergence from th e  norm al appears fa  ‘ 

the p o llu te d  area® , d im in ish in g  p ro p o r tio n a te ly  $mm  th e  fo o l  o f  

p ollu tion*  Although th a p b y s ie a i  tad- chem ical fa c to r s  a r t  g iven  sep­

arate ly*  t h e i r  l o t# r  * r  *l*tiois»hlo'- e«d : In ts p a e t lo n  w i l l  he  dlaet&eaed 

attbaequea&l?*

,  , f tm » tg» tdg» l th e .i« £ tf* ra to r#  o f both e m t lm e m t i  bottom -maker* o f  

th e  reg io n  In v e s t Ig a ie d , p a r t i c u la r ly  th o se  o f  th e  deeper s ta tio n ®  n e a r 

t i l t  month o f  I h t  r iv e r  ̂ c l o s e ly  resem ble a f b e l l  curve* { F la t#  fl.*
.*" V ,• ^ '■* 't ?

F igure  1}* fl$« low er t i t t p t r t t a r « » ' ©eeur between January  and February 

and beg in  to ' r i s e  g ra d u a lly  reach in g  a peak i a  d u ly , a f t e r  which tim e 

th e r e  i t  a g ra d u a l tow ering  o f  th e  tem pera tu re  a g a in  reach in g  a sdMasum 

in  daiuiary* th e  bottom  w a te r tem p era tu re s  shoe a s im ila r  graphic, re*  

sem blance which l a  no t c o in c id e n t with th e  su r fa c e  w aters i n  t h a t  th e  

ascen t*  c ra sh  end d e sce n t occu r l a t e r  In  th e  form er b ecam e not on ly  i s  

I t s  trend: iml& ted %  th e  temperafemree o f th e ' upper s tra tu m  b u t a ls o  

because i t  l a  no t s u b je c t  to  f lu c tu a t io n  a i n  a tm ospheric  tem perature*  

th e m  m m i  t e w v t f , -  tend t o  converge grap h ica l!#  a t  two p o in ts ,  

s p r in g  and f a l l *

Me would- he expected* w ater temperatures- v a c i l l a t e  co rrespond ing  

t© ' f lu c tu a t io n s  o f  atm ospheric  tem pera tu res*  a lthough  th e  fo rm er 

@l$f#ara to  ha more r e s i s t a n t  to  change* th e  mean atm ospheric  tempera*, 

to r e  was f o r  th e  m ost p a r t  found t o  im h ig h e r  th a n  th e  mean w ater 

tem p era tu re  during, th e  summer and- low er i n  th e  w in ter*  th e  s u r fa c e
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TL/TE VI
„ _ TEM PERATURE ,  „
Station I  Station U40 AO
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m

f l # F igu re J}#. this- 1# probably  due t o  the decreased in flu en ce  

on the part o f the more s ta b le  waters o f  th e . Oheeapseke Bay*

th e r e  ap p ea rs  %# .bo a  s ig n i f ic a n t  r e la t io n s h ip  between tem­

p e ra tu re  end e h io r i f t i iy  'i b i e l  i s  ‘c h a r a c t e r i s t i c  f o r  most ee tu & ria e ' 

w a te rs  (P la to  |F>* t h i s  e o r r e l f t t le a  i s  o b se rv a b le ' f o r  th e  deepe r  a a 

, w a ll a s  i lia  s u r fa c e  m to rs*  ' I t  w i l l  be ac ted  t h a t ,  f a  g e n e ra l ,  in ­

creased  bempei&ture* a re  accompanied by increased- s a l in i t i e s *  l a  th e  

tem p era tu re  o f  th e  d c e F l im *  # co rrespond ing  d e c re a se  i n

s a l i n i t i e s  i s  a ls o  evidenced* t h i s  c o n d it io n  l a  c h a ra c te r  i s  t i e  f o r  

o th e r  s t a t i o n s  o f  th e  e a t  nary  in v e s tig a te d *

Although no e fg n jtf le an t d if f e r e n c e  co d e ts  beta>een 'die 

tem pera tu re#  o f  th e  p o l lu te d  and, n o n -p o llu ted  reg io n s  o f  th e  Fatapsco 

E lv e r , th e  m agnitude o f  i t s  e f f e c t  i s  considerab le*  t h i s  w ill. be 

ehewm l a t e r  *

jly d rcg ea rfo a  C oncentration*  th e  p i  (hydrogen-Ion  concen­

t r a t i o n )  o f th e  F atapaco  E lv e r shows a wide ran g e  fen? bo th  su r fa c e  and 

bottom  w a te rs , th e  l a t t e r  y ie ld in g  th e  w id e r■range* p i  v a lu e s ' 

s u f f ic ie n tly -  low to  c o n d itio n  th e  grow th o f  pXautictma h as  been found to  

fee a r e s u l t  o f  th r e e  chem ical f a c t o r s ,  m ain ly , ( 1)  th e  d is p o s a l  o f 

f e r ro u s  su lp h a te  which . upon h y d ro ly s is  low ers th e  p i ,  (a) d isc h a rg e  o f 

v a r ia b le  am ounts-of f r e e  s o ld  from chem ical m anufactu ring  p la n ts  and 

( 3 ) d i s t i l l e r y  w astes which draw upon th e  d isso lv e d  oxygen co n ten t o f 

th e  water*

the va lu es observed fo r  th e  o ffsh ore  su rface waters ranged 

from p i 1*1 to- p i  f*2*  the p i  o f  th e  o ffsh ore  bottom waters ranged

from p i  1*0 to- pH f*f*  the pH range o f  th e  shore s ta t io n s  was found to

fee from p i  2*0 to  p i  t*a*
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I t  w i l l  6# obasrved th a t  w a ta ra  in  th e  v ic in i ty  o f  c e r t a i n  indus­

t r i a l  a re a s  were very s tro n g ly  a c id ,  ( F ia t*  V II, F ig u re s  1 , 2 and J )  

w h ile  th o se  appraaehlssg th e  mouth o f  th e  r i v e r  became norm ally  a lk a l in e  

o r  n e u tr a l  (F la t*  ? I 1# F ig u re  4}* th e  h ig h e r  a c id  v a lu es w are, found In  

th e  w ater o f S ta tio n ' f  th rough  W  (S e e r  Creek area}  and S ta t io n s  XXIX 

through I I I  IF  ( G u rtis  Creek a re a )*  C onealt T ab le  4 and Table $•*

The average pH f o r  th e  su rfa c e  w ater*  o f  th e  S eer Creek a re a  wee 

■found to  he 5*2# w h ile  t h a t  o f  th e  deeper w ater*  vraa 5*6 w ith  a rang* 

from pH 2* 1 t o  pH 7*6* th e  average  pH d u rin g  th e  stunt** month* wee 

found to  he 4*6# f o r  th e  su r fa c e  and 4*7# f o r  th e  d eep e r water** I t  

wi-H he- noted th a t  no s ig n i f i c a n t  d if f e r e n c e  i s  found between th e  pH o f  

th e  su rfa c e  end bottom  w a te rs  o f  t h i s  region* I t  w i l l  a ls o  he o bserved , 

however, t h a t  th e  pH tend*  to  be low er i n  th e  summer th an  a t  o th e r  seas** 

one o f  th e  year*

$b* pH v a lu e s  in  th e  C u r tis  Creek a re a  were found to  be on  e  w hole, 

much low er th a n  in  any o th e r  a re a  in v e s tig a te d *  th e  hydrog«n-ioa  con­

c e n t r a t io n  ranged frost pH 3*3 to  pH 6*© f o r  th e  su rfa c e  and pH 3*1 t o  pH 

6*1 f o r  the; d eep er w aters*  th e  eve rage  pH f o r  th e  su rfa ce  sam ples i n  

t h i s  re g io n  was pH 3*99* w h ile  t h a t  o f  th e  bottom  sam ples was pH 3*79*

The hydrogea-ion  c o n c e n tra tio n  d u rin g  th e  summer was n o t s ig n i f ic a n t ly  

d i f f e r e n t ,  from th a t  o f o th e r 's e e  son* o f  the- y e a r ,  y ie ld in g  an average  pH 

o f  3 * f t  f o r  th e  su rfa c e  end 3* I f  f o r  th e  bottom*

C o n s is te n tly  low pH v a lu e s  a ls o  o ccu rred  a t  S ta t io n  4 and a t  S ta t io n  

6 ( F l a t s  t i l ,  F ig u re  1 and 2 )  and o n ly  o c c a s io n a lly  a t  S ta tio n s  1,  f y ’5 , 

and 13*

The low pH v a lu e s  o f  th e  w a te r found in  Bear Creek h as  I t s  o r ig in  

In  Humphreys C reek , in to  which a re  em ptied la rg e  ^ ts n fe it le s  o f  p ic k l in g



fAMS 4* pH falues of Water Samples taken from Sear Creek Area

Sate
! •■

S ta tio n  
?As ?M

S ta tio n
' fBs v m

Station  
VCa VOd

Station • 
VDs VOd

Station
- ■ v u - '- 'm -  ■ ■[

sta tion-.-a/ '

. . ....... _ _ ! .

S ta tio n
‘.‘7§ r

7 / 9 / 4 8 3*6 4.49 5 * 7 5 * 3  “ 5 . 2 5 5*25 .■****■. 6 * 0 5 6*21 **»

7 / 2 7 / 4 8 2.1  2*0 2*5 2 .5 2 . 3  2 . 6 2 . 5  2 . 5  ■ 2*4 2*4 4*4 3*4*"^' 2 * 7  4 * 4

8 / 5 / 4 8 4 * 0  *■*> • 3*3 *"** 4 . 1 3 * 9  "** ; 4*2 ***■’’ ■ .5*0 ■;**»!»■/.V~’ '
t

:6 . 4 " ,!*^“

8 / 1 9 / 4 6 4*& 5*9 4.5  5 . 7  ; 4 . 9  6 . 0 6 . 2  6 . 3 6*4 .6*$ ^ ? 6 , a  ;® J 7 6 .7  6 . 8  \

9 / V 4 8  ' M  1*5 7 . 5  7 . 5 '  ; 7 . 5  7 . 6 7 . 5  7 , 4 ; 7fb  7*4 ■ * 7 . 4  7 . 4  '
"*V •

7*5 7*3 ;

l D / Q / 4 8 7.3 7.3  ' ' • 7 . 3  . :' 7 * 3  ; • 7 . 5 ;  7 . 3  ■v 7 . 3  7 . 3 ^7*3 7*4 ';;" 7 .2  -7*2 ;

l l / 2 < / 4 8 5 . 3  6 * 0 4 . 3  4 . 2 S i o  5 . 0 4 , 8  4 . 6 6*0 4*6 / S . 8 v 6 . ®  ■*; /
"■ .. ' ■' ' -

5 . 3  5.5

4 / 1 5 / 4 9 ' 7 . 3  7 * 5 3 . 6  4 . 0 3 . 7  3 . 7 3 . 6  3 . 6 4 . 0  5 * 5 '  4.3  ■ 4 . ^ /; 5*6 - 5*3

5 / 2 7  4 9 4*4 4*# . 3 . 9  6 . 6 4 . 6  4 . 6 5 . 4  6 . 3 4*8 6*5 ^ 6 . 7  6 . 1 ^ 1 6*S 6 .7

6 / 3 0 / 4 9 3*4 4 .1 5 . 5  6 . 2 6 . 2 6 . 0  4*6" 6 * 4  6 . 5 6 . 5  6 . 7  : 6 * 8  6 . 6

7 / 2 8 / 4 9 3 * 6  6 . 5 3 . 5  3 . 6 3 . 7  3 . 6 3 . 5  3 . 7 3 * 5  3 . 6 3.9  C% 1: 4*4 4*3
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l iq u o rs  tm m  th e  s t e e l  in d u s try ,  t h i s  i s  ev idenced by th e  f a c t  th a t  a t

S ta t io n  4* th e  m m th  mi Humphreys ®?#©k, f e r ro u s  Aron h a s  coiteieCeot Ay 

been p resen t#  fhm h y d ro ly s is  o f  t h i s  Ion  qu ick ly  lower# th e  pH ©f th e  

water#

The i n f  Aon m i copperae ,f  rom Humphreys 0r##k i n to  B ear Creek r e ­

duces tli#  pH o f  th e  w a te r o f  th e  e n t i r e  e re#  oxtcmdAstg fro st th e  -heed a f  

th e  c re e k  t o  th e  mouth* th is  d is ta n c e  i s  approx im ate ly  f iv e  m ile s  In  

length*  th e  e f f e c t s ,  however, a r e  m% d i r e c t l y  e v id e n t in  th e  w aters  o f  

th e  low er f& tapsco  l iv e r*

hydrogen-Aon aan eaa t r a t i o  a s  o f l e t h a l  v a lue  (below  pH 1 .5 )  have 

a ls o  been observed  In  th e  C u r t is  Creek a re a  ( t a b le  4)* These low va lues 

a re  a ls o  a r e s u l t  o f  e f f lu e n ts  from c e r t a in  chem ical p la n t#  in  t h a t  a re a ,  

see  m p  ( f l a t #  I I ) .  The p o llu te d  a re a  In c lu d e s  t h a t  re g io n  ex tend ing  

frost C u r t i s . Creek th rough  H arley  end fu rn a c e  C reek, approx im ate ly  seven 

m ile s  In 'le n g th *  l ik e w is e , th e s e  Xow v a lu e s  do n o t p e r s i s t  l a  th e  

f a ts p e e e  l i v e r .

Tit© lew pH o f th e  w a te r a t  S ta t io n  4 , C olgate  Creak, em anates from 

c h e a le a l  w aste p roducts fro© th e  iAM tlen Chemical and P igm m t Company* 

th i s  w i l l  he d is c u s se d  subsequently*

S ta tio n  IX w i l l  be tak en  a s  th e  example used to  dem onstra te  norm al 

hytirogeft-len  eenssaftra-tieiw* I t  w ill, be no ted  t h a t  th e  w a te r shows a 

c h a r a c t e r i s t i c  s l i g h t l y  a lkalis*#  pH- (F la t#  f l l ,  f ig u r e  4 ) .  The average  

pH o f t h i s  s t a t i o n  As 7 .45  f o r  th e  su rfa c e  w ith  a  range o f  7*2 t o  7*f * 

fit# average  pH f o r  th e  bottom was found t o  be 7# 5$ w ith  a  rang# from  p$£ • 

7*2 to  .pi S*C# I t  c an  bo observed  fm m  th e  eoK ^arisen  o f  th e  su r fa c e  

and bottom  pH v a lu e s , t h a t  th e  la tte r  a re  g e n e ra lly  h ig h e r  and nev er 

lower in  a lk a l i n i t y  th an  th o se  o f  th e  s u r fa c e  w ater* f u r t h e r ,  a  su rface*
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bottom  com parison a ls o  dem onstrate*  t h a t  f lu c tu a t io n s  appear to  ho g r e a te r  

f o r  th e  bottom  th a n  f o r  th e  s u r fa c e  s tra tu m  o f  w ater* A s ig n i f ic a n t  

d if fe re n c e  In  p$ was obsarvad n e i th e r  r e l a t i v e  to  a t r a t i f i c a t i o n ,  no r 

to  se a so n a l a a r i a t i m $  a lth o u g h  i n  c e r t a in  im ataaeaa th e  pH was h ig h e r 

$mm  August to  Jtecember, th e  in c re a s e  i n  th e  bydr©g«it~loo c o n c e n tra tio n  

never exceeded 0*3.

S a l in i t y , th e  s a l i n i t y  o f  th e  su rfa c e  o ffsh o re  a re a  in v e s tig a te d  

ranged from 0 .6 0  p .p .t*  t o  6*3? p .p» t*»  w h ile  th e  .lower s tra tu m  o f  w a te r 

ranged from 2*2 p*p* t. to  6 .5  P*P*t. fh a  e h lo r ln i ty  range f o r  th e  ahora 

w a te rs  was found to  he- from 0*1 p . p . t .  to  6 .5  p .p . t*  th e  low er v a lu es  

f o r  h a th  sho re  and o f f  ah o r  a su rfa c e  sad  'ho t t e a  w a te rs  occu rred  i n  th e  

upper rea ch e s  o f th e  t r i b u t a r i e s  o f  the- Fatapsco  g iv e r  i f  l i t©  V III,

F igu re  1 ) .  th e  h ig h e r  va lues#  a s  i s  to  be ex pec ted , were found s i  th o se  

s l a t  io n s lo c a te d  a t  th e  mouth o f  th e  r i v e r  n e a re r  th e  more s a l in e  w a te rs  

of--the $fees£$*«&» Say tfS U te  f l i t #  F ig u i»  i * ) .  th e  average s a l i n i t y  f o r  

B ts t io a  F i l l  was 3*?6 p .p . t*  f o r  th e  su rfa c e  and 3*95 p . p . t .  f o r  th e  

hotto® w aters*  th e  low er v a lu e s  norm ally  occur i n  th e  sp r in g  w ith  a  

g ra d u a l in c re a s e  d u rin g  th e  sum s?* Hie h ig h e s t v a lu e s  norm ally  occur 

In  th e  f e l l *  ' S t r a t i f i c a t i o n  r e l a t i v e  to . a * U n ity  o ccu rs  a t  th e  shallow ­

e r  s ta t io n s  a s  w e ll  a s  th e  deeper s t a t i o n s ,  w ith  th e  bottom  w a te rs  gea** 

o r a l ly  exceeding  th e  su rfa c e  w a te rs  (P la ta  f i l l ,  F ig u re  3 ) .  A su rfa c e  

'bottom d i f f e r e n t i a l  o f  1 .5  p .p . t*  o f te n  e x is t s  in- th e  d eep er w aters  

p ro x im ete ly  .lo ca ted  n e a r  th e  bay w aters* O ther s t a t i o n s  dem onstra te  m  

average  d if fe re n c e  o f  l e s s  th a n  # .4  p .p . t*  P r e c ip i ta t io n  was found to  

a p p re c ia b ly  in f lu e n c e  th e  s a l i n i t y  o f th e  a re a  In v e s tig a te d *

fhe, s a l i n i t y  f o r  th e  B ear Creek a re a  averaged 3*3? p .p . t#  f o r  th e  

su r fa c e  and 3*64 p .p . t*  f o r  th e  bottom , th e  l a t t e r  hav ing  th e  h ig h er



values* Although th e  o v e ra l l  « n s f « |i  fo r  t h i s  a re a  i s  lew ar th an  th a t  

f o r  th e  F a tapsco  M ver* i t  i s  p robably  a r e s u l t  o f  f re e h  w a te r  i n f i l ­

t r a t i o n  irnrn th e  t r i b u t a r i e s .

th e  s a l i n i t y  * o r th e  C u r tis  Creek a re a  shows a w ider rang#  th a n  

th e  o th e r  s t a t i o n s  (0*6® p*p*t* to  5*50 p*p*t*}* S tr a t i f ic a t io n  appear# 

t o  be mere pronounced i n  fcble reg io n  even i n  th e  sha llow er areas*  th e  

average  c h lo r in i iy  f o r  th e  a re a  was found to  be 2*93 p#p*t* f o r  th e  sur~ 

f a c e  w a te rs  and 3*4 P*P*t. f o r  th e  bottom  w aters*  The su rface -b o tiem  

d i f f e r e n t i a l  ranged  f mm 0*08 to  4*35 p*p*t. w ith  a n  average  d i f fe re n c e  

o f ©*37 p*p*t*

J  com parison o f  l A i t t  6 c le a r e r  shows th a t  th e  lower s a l i n i t y  

v a lu e s  f o r  th e  sho re  s t a t i o n  were found e t  th e  head o f th e  fa ta p sc o  

R iver w h ile  % km f e l l e r  v a lu es o c c u rre d . tow ards th e  mouth o f  th e  r iv e r*

I t  w i l l  be f u r th e r  n o ted , t h a t  s e a so n a l v a r ia t io n s  do no t e x i s t  a t  th e  

upper re a c h e s  o f th e  r iv e r*  w h ile  a t  th e  mouth* minimum c o n c e n tra tio n s  

were found to  occu r i n  w in te r w ith  a g ra d u a l In c re a s e  in  th e  s p r in g  

reach in g  th e  maximum in  f e l l *

th e  w ide v a r ia t io n  i n  th e  c h lo r ln i i y  o f  th e  Fatapace l i v e r  a re a  I s  

due t o  th e  combined e f f e c t#  o f  #uch f a c to r#  a s  tide#*  p re c ip i ta t io n , ,  

e e n v e c tle n  c u rre n ts*  in f lu x  o f  le e s  s a l in e  w ater#  from t r i b u t a r i e s  and 

■vernal and autum nal c irc u la t io n .w o rk in g  more o r l e s s  independently*
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m

tAMM 4* Oomparisen o f S a lin ity  Values

Date
... 0

S ta tio n  10
o n c e n tr s tio e ...n*p*t* .... ©oncei

S t i t i o a  7 1 . T 
afemftfeiwxi . , ......

7 / h A a 0*1 l . 3*5
3*45
3# I f

7/ 29/ 4.9
e A /4 8

1*45
$*n

« /J 8 /4 * 1*15 3*48
a /3 i/4 ® 0*30 .4*3t.
9 /1 6 /4 8 1*55 5*00.
10/ i A i 0 . i f 5*20.
a /25/ 4f
4 /15 /49

0*60
0.20

1*60
2 .3 0

4 /26 /49 3*25 3*6©
6/28 /49 .1*1# . . . 

8*10 .
3*5©

, J b l L — -------------- ----------- -------

Oxygen* The d is so lv e d  oxygen i n  th e  a re a  in v e s t ig a te d  ranged  from  

0*4j p*p#m* to  14*25 p*p*au f o r  th e  su rfa c e  o ffsh o re  w a ters  and 0*45 

p*p*m* to  9.&1 p*p*m* f o r  th e  lower s tra tu m  o f  water# itt-ore samples 

ranged from  *14 p.p.m# to  f * i  p«g*«*« f a b le  ?  g iro #  th e  averages f o r  

oxygen c o n c e n tra tio n  fo r  Ooth su r fa c e  and bottom o ffsh o re  w aters*

H is supply o f  oxyg«n i n  ih s  aurf&ee w a te rs  appears t o  vary  w ith  th e  

eeassna* 'The mssimam c o n ce a tra tio n #  occu r in  th e  m int**  w ith  a d e c lin e  

in  v a lu e  beg inn ing  i n  sp rin g , and reach ing  a Miniums* in  th e  summer* th e  

oxygen f a c to r  i s  in  in v e rse  p ro p o r tio n  to  th e  tem p era tu re , see  f l a t s  IX* 

f ig u r e  X* th e  low est vainest. f o r  s u r fa c e  oxygen o ccu r c o n c u rre n tly  w ith  

th e  h ig h e s t  tem p era tu re  read in g s  end v ice -v e rsa #  This c o n d it io n  e x i s t s  

th roughou t th e  u n p o llu te d  a re s  in v e s tig a te d *

A s iadX ar seaso n a l v a r i a t io n  o f d isso lves! oxygen I s  found in  th e  

d eep er w aters* Hie h ig h e r  and  low er v a lu e s  occu r s3.multftnesus.ly w ith  

th e  su rfa c e  w ater** . th e  c o n c e n tra tio n  o f  th e  fe m e *  never emceedi« g  th e  

l a t t e r *  H ie su rface -b o tto m  d i f f e r e n t i a l  ap p ea rs  to  be g r e a te s t  d u rin g  

suiMfter months and d im in ish es  d u rin g  th e  o th e r  eeaeosa* Hie. s u r fa c e -  

bottom d i f f e r e n c e  of, d is s o lv e d  oxygen ra n g e s  from  0*00 p#p*m* t o  7*5?
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p* p* au w ith  mu average  d if fe re n c e  o f 0*66 p*p.m*

B i l l s  re p o r te d  t h a t  m m m t m t t m s  o f  oxygen,

below 4 f t * ? * * *  o r  3 .5  e c /I*  f a i l e d  to  su p p o rt U f a  o f  m ost a q u a tic  

organism®* I f  t h i s  be t r u e  i a  th e  a re a  in v e s t ig a te d  i n  t h i s  study* 

c r i t i c a l l y  low oxygen va In©* occur f r e q u e n t ly ; i n  th e  p o llu te d  areas*  

fa ls ie  # shows oxygen m X w es.fe r th e  v&rio&s w ta iien e  th roughout th e  a r s e  

s tu d ie d . Gxygen p e e r  water© occu r i n '  Sear. Creek end, Our t i e  C reek through* 

o u t th e  e n t i r e  year*  however* c r i t i c a l l y  low v a lu e s  a r e  found more f re ~  

Quenfciy, i n  t h e  swemr* ' O ther sfce tiom  (I*  11* 1* 4# and 6 )  show* m m  

o r  l e s s  c o n s is te n t ly * h a rm fu l  v a lu e s  th roughou t th e  jrasr*

th e  d e tr iw e a ta l iy  Ic e  v a lu es  o f  d is so lv e d  oxygen do not norm ally  

ex ten d  beyond th e  mouths o f  Bear Greek and C u r t is  Creek* However* on 

s e v e r a l  o c ca s io n s  c r i t i c a l l y  low v a lu e s  have been observed  ex tend ing  

tram  Bear Creek t© S ta t io n  f i t  and s t a t i o n  V1XX* th e  Mhttsapaftke Bay 

region* t h i s  h as  been found to  be p a r t i c u la r ly  t r u e  i n  th e  summer 

months when th e  w a te rs  o f  t h i s  reg io n  a re  a lre a d y  oxygen-poor a s  a  re*  

em it o f In c re a se d  tem pera t a r e  o f th e  w a te r. Deeper w a te rs  ten d  t© dem­

o n s t r a te  p a r t i c u l a r l y  a c u te  oxygen d e f ic it©  i n  t h i s  area*

low oxygen v a lu e s  a re  i n  most c a se s  in v e r s e ly  c o r r e la te d  w ith  tens* 

fse ra iu re  and d i r e c t l y  c o r r e la te d  w ith  hydrogen-lorn c o n cen tra tio n *  ml* 

though th e  l a t t e r  need n o t he tru e*  See F la t s  XX# Figure© 3 and 4* Hie 

re lm tle ii  o f  d is s o lv e d ' oxygen t o  th e  hydrogen-ion  m m r n m m tlm  i s  on ly  

s ig n i f ic a n t  i n  th o se  a re a s  where copperas d is p o s a l  re su lt©  i n  th e  re ­

d u c tio n  o f  th e  pi* s t a t i o n  1 and 11 m r m l l ?  have hyd rogen -Ion  geesea* 

t r a t i e n s  which hover tiround n e u tra l#  I n  t h i s  c a s e ,  th e  oxygen d e p le t io n

1
M» Bill© * ^ D e te c tio n  and Measurement o f  atrssaa P o l lu t io n ” ,  Bull*

11.3* Bureau ©f F i s h . ,  B&VXli 65*437, m t *
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o f  th e se  s ta t io n *  i s  p robab ly  a  r e m i t  o f  o i l  which has been  fount! 

©overing th e  e n t i r e  a re a  on ©very sam ple- co l 1« © b i ag tr ip *

jyutt c o n d itio n in g  oxygen © eneen tra tion*  a t  s t a t i o n  1 a re  a  r e s u l t  

o f  th e  decom position. o f v e g e tab le  w astes from  th e  c a s i n g  f a c to r  l a s  i n  

t h i s  e ra s ,  P b ilu tis f i .  o f  t h i s  .type occurs, a long  th e  no rthw est sh o re  o f  

th e  h e r  h e r f o r  a  d is ta n c e  o f  s e v e ra l  m ile s .

farbgm  d io x id e . Of th e  chem ical env ironm ental f a c to r s  in v e s t ig a te d ,  

corns show a w ider range o f v a lu e s  nor a  g r e a te r  v a r ia t io n  th a n  dees 

carbon dioxide* p m  o ffsh o re  su rfa c e  v a lu e s  rang* t r m  ,0?S$ c c /1 . to  

26# 5 e c . / l .  th e  d eep er water© have a  carbon  d iox ide  rang* o f  0*73® e c . / l  

to  24*23 ea/1*  Shore sam ples demonstrate a correspond ing  w ide ran g e , 

e . g . ,  'from  .510 eo /l*  to  25.C0 c e / l ,

Carbon d io x id e  concentre t le a s  o f th e  Pa taps cc id v e r  show to p ic a l  

■■ aeaaew al v a r ia tio n s*  th e  supp ly  o f  carbon  d io x id e  appears to  be most 

b o u n tifu l  i n  s a r ly  summer f o r  bo th  su rfa c e  and bottom w a te rs , th e  l e t t e r  

norm ally  R id d in g  th e  h ig h e r values* as  th e  a im e r  .p ro g resses, th e  

amount o f  carbon  d io x id e  ra p id ly  d im in ish e s  reach in g  a minimum in  

O ctober, a t  th e  t im e .o f  autum nal c i r c u la t io n ,  when both su rface , and. 

bottom eo ac im trs iio n s . c o in c id e . I  s l i g h t  r i s e  I n  v a lu es  o ccu rs  i n  win­

te r*  With v e rn a l  c i r c a  1 s t  io n ,  when th e  e o n c s n tr s t io a s  ■ o f carbon d io x id e  

a re  a g a in  more o r l e s s  even ly  d i s t r ib u te d  v e r t i c a l l y ,  th e  v a lu e s  beg in  

t© r i s e  .g radually  rea ch in g  th s  maximum a g a in  in  summer*

the- p o llu te d  a re a s  o f C u r tis  Creek and Bear £r*«k g iv e  m  ev idence  

o f  a t  r a t i f i c a t i o n  r e l a t i v e  to  carbon d ioxide* thm su rfa c e  w a te rs  a re  

in  some In s ta n c s a  o f  e q u a l value, to  th e  low er w aters? i n  f a c t ,  f r e ­

q u e n tly , they  appear t© have auop h ig h e r  v a lu e s  ( TABLE f  and TABLE 1 0 ) . 

l e l i t i v *  t o  se a so n a l v a r ia t io n  i n  th s  Bear 6r**lc arid C u r t is  Creek



re g io n s , however# i i  can read ily  fee seen feimb th *  aunter v a lu es  *3?# 

much h ig h e r th a n  a t  o th e r  eeass&e ©f th e  jeer*

th e  su r fa c e -h e tto *  d i f f e r e n t i a l  ran g es  frees. 0*0 c « * /l»  t o  12*74 

c c . / l .  The h i p e s t  d i f f e r e n c e  o ccu rs  in  aummar w h ile  th e  -absence o f 

t h i s  d if fe re n c e  occurs d u rin g  v e s ta l  and autum nal c ir c u la t io n *

S f l i c e t gg, ' Waters e f  e ac h 'lo w  s a l i n i t y  a s  t h a t  found l a  t h e - 

Pwtapeee Iklver mre> hatw raliy high  In  s i l i c a t e  cone ea tra tio n * ♦ I t  h as  

been observed t h a t  th e  head w a te rs  o f th e  Fatapseo H irer and i t s  t r ib u ­

t a r i e s  y ie ld  somewhat h igher r a i s e s  th a n  th e s e  approaching th e  gore  

s a l in e  - hay w a te rs . The su rfa c e  w a te rs  o f  S ta t io n  J tf  were found to  he1 

on an.average o f  41#- h ig h e r  th a n  th o se  o f  S ta t io n  f i l l * '  th ese  d i f f e r -  

©aces a re  a c t  a s  g r e a t  a s  one would e x p e c t, s i  use th e  d i f f e r e n c e  i n  

eh ler ln itjr  are l ik e w is e  n o t large...

The upper re a c h e s  o f  th e  JPstapaee l i v e r  a r e  r i c h ly  su p p lied  w ith  

s i  l i c e t  •~& llie© n th roughou t th e  y e a r ,  a lth o u g h  c e r t a in  ©aaaon® demon­

s t r a t e  an in c re a s e  i n  value* The h ig h e s t  e o a e e a tr s tio a e  f o r  s i l i c a t e -  

© ill  con i n  t h i s  a re a  were observe# in  e a r ly  ©usewar w ith  a  sharp  de­

c l i n e  im v a lu e  during , th e  sp r in g  an# autumn* T his c o n d itio n  was 

c h e r a c t e r i s t i c  f o r  bo th  su rfa c e  an# h e ttc is  sam ples o f  th e  head a s  w e ll 

a s  th e  mouth w ater*  o f  th e  F a tapeee  Stiver,

f o r  th e  most p a r t ,  © .lightly  h ig h e r s i l i c a t e  v a lu e s  w ere observe# 

f o r  su rfa c e  w aters*  T his c o n d itio n  was p irti-euX arly  obvious in  th e  

p o l lu te #  waters o f  Bear Creak# C u r t is  Creek an# th o se  waters o f  the 

fforthwest B ranch . o f  th e  harbor (f&WM 11*) * ■ The g r e a te r  su rfaco -esm - 

centr a t io n s  were p robably  in d ic a t iv e  o f  e i t h e r  poor d ta tess-p ro d u e t- 

i v i i y  i n  t h i s  a re a  o r indicative o f  th e  in f lu x  o f  f r e s h  w a te r from  th e  

t r i b u t a r i e s  1ft which c a se  th e  more r i c h ly  su p p lie d  f r e s h  w a te r flow s



76

t&WM Wm freer (for t o n  M o x id e  $ o a c e $ t  r a t  lone* C u r t is  Creak

£fot* Bepth l l l i e - x m b \  ■ X ll le x m d 1X11* X l l l f

? /2 ? /4 8 Surfhe#4-.. 
depth

' 1 6 .f l" :  
13.30

': 11*1# • 
m a $

11 .51
14 ,60

11 .49
24.23

7 .16 8 .8 9

8 /5 /48 ...
> . ■ /

_ Surface
\ ;#epth

1.30
' I  & 3 # r

2 .6  
- 1 .5  %

1 .5
■■ u-*,k -

1 .3  
? 1 .3

.7 1 0 .0

8/19/4® -Surface 
d ep th ■

a. m  
a*53

1 .78
2 .02

2 .02  ’ 
3.03

1 .54
2 .80

1*02 '. 
i , 8 0 .

1 .02' • -• 1'

9/1/4® Surface
depth

iu¥§ , 
3*7r

* . 3 .0 2  
-'■ 3 .02 3.1® ,

> 2 .53  
•'• 2 .53

1.76
1.76

*ym

10 /8 /48 Surface
depth

• 153
.115

.126

.202
.113
.164

.101

.164
.050
.139

*074

4 /1 5 /4 9 Surfaco
depth

s. as
13*70

12.64
10.11

12.64
10.11

12.64
10.11

7 .58
7 .58

7*50
7*58

5 /27/49
depth ,

X5.1?
0*05

17 .70
18 .98

12.64
12.64

1 0 .U
12.64

1®. l l  
15.17

xa # 
15*1?

6 /3 0 /4 9 ■Surface
depth

1 .77
a*a?

1 .77
2 .022

1 .5 1
2.02

1 .77
2 .27

1 .77
2 .2 1

i ; n
a .27

7 /2 8 /4 9 Surface
depth

2 .53
3*2?

2 .27
3 .0 3

2.53
3 .2 9

2 .28
1.77

2 .0 2
2.53

X.77
a* 53

• *€©jacent r a t  l o n e  e x p r e s s e d  i n  c c . / i .
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w

over th e  d en ser more m l t m  w aters* th e  l a t t e r  was ex em plified  by 

S ta t io n  X H If ,  a t  which s t a t io n  th e  average su r fa c e  vain#  was found to  

be * 1154 g / l  and *©66$ $ f l  f o r  th a  d eep e r water* However, th e  s i l i c a t e  

v a lue  a were In  some in s ta n c e s  h ig h e r  f o r  th e  bottom  w a ters  th a n  f o r  th e  

su rfa c e  w aters* t h i s  wee p a r t i c u l a r l y  t r u e  a t  sh o re  s t a t io n s  more press** 

i i t a l ly  located: t o  the- Bar* fh ia  l a  p o s s ib ly  doe to  e l i ic * ie « - f fx a tie o  

by d ia to m s, a  p ro ce ss  in  which an  amorphous o p s lin e  s i l i c a  i s  found 

which i s  m ost in so lu b le *

fh e  su rfa ce -feo tto e  d i f f e r e n t i a l  v a r ie d  from 0 .0  g / l .  to  ©.©AS? g /l*  

th e  a p p aren t lac k  of d i f f e r e n c e  e i t h e r  o c cu rs  more o r  l e s s  e o n iif ie o s ly  

In  th e ' sh a llo w er w a te rs  o r  se a so n a lly  a t  th e  tim e o f  v e r t i c a l  mining* 

th e  g r e a te r  d if f e r e n c e  i s  norm ally found in  a earner and w in ter*

f e r ro u s  Iron* fh e  q u a n t i t a t iv e  v a lu e s  o f co pperas , f e r ro u s  i r o n ,  i s  

in d ic a t iv e  o f  th e  degree o f p o l lu t io n  and th e  oxygen engaging  power o f  

th e  water*, th e  h ig h e s t c o n c e n tra tio n s  a re  found a t  th e  sou rce  o f  d is~  

p o a e l w ith  d im in ish in g  v a lu e s , more o r l e s s  p ro p o r tio n a te  t o  th e  die** 

tan c e  from th e  f o c i  o f  p o llu tio n *

F erro u s i r o n  was g e n e ra lly ' found, th roughou t l e e r  © reek, C o lgate  

Creek and C u r t is  C reek, However, no t r a c e  o f t h i s  io n  was found in  th e  

low er re a c h e s  o f  th e  Pat&psc© l i v e r  a lth o u g h ,  th e  e f f e c t s  o f i t s  pres** 

eaee  i n  o th e r  bod ies o f 'water were observab le*  th e  range o f  f e r ro u s  

i r o n  was- found t o  be from  a t r a c e  toK>©0*0 p .33**1* t h e . h ig h e s t v a lu e ' 

was found  i n  C olgate  Creek n e a r  th e  .Fain t and Figment p la n t*  S im ila r ly  

h ig h  concent r e  t i e e s  o f  co p p eras , fid*©  p*fum» were found a t  S ta t io n  6 ,  

th e  mouth o f  itamphrejr* freak*  fh e  h ig h e s t  v a lu e  observed  * t  th e  mouth 

o f S ear Creek was 430*0 p*p#«u

f  t r i a n g le  o f  d e i i to r io u e  e f f e c t s  ( P la te  X) r e s u l t s  from  th e
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REACTION O f COPPERAS DECOMPOSING 

___________ F.SOt HYDROLYSIS____________

F.SO, _  H>° ----------- F.m
4"

2 HaO ' 2C

F«(C

+ set"

)H” +  2H+ 

=>H)S

F.SO* OXIDATION

4F.S04 z r-:— ---------- ~  4fiT  +  4SCT
-H

4H +
o t
1

4 fijT +  2 H P
12H P  _  : - t  12<

!j
v

Colloidal 4F<

ppl. 4F

D H '+  I2H*
i k

■(OH),

■(OH),
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REACTION OF COPPERAS DECOMPOSING 

j __________ FeSQi HYDROLYSIS __________J W 4  1 1 1 L /IN V -/L .I  J l

F.SO, - — ^ ------------„ f / '
■f

2H20  =— --------------- —  2C

11

F«((

+ set"

)H’  +  2H + 

3H)2

F.SO* OXIDATION

4F« S01 ^ 4 Fe
+

4h-+
C
i

: 4F. 
I2H.O " t  12'

V

Colloidal 4F<

ppl. 4F

t* +  4SO r

r

) z
•

jT +  2H p
OH"+ 12 H+

11

■(OH),

«(OH),
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PLATE 3H
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fA-BLE 12* t o t a l  I r o n  Average*. f o r  Shore and Offafcor© S ta t io n s

1I«* Depth 0© agen t ra tio n # • S ta t io n Depth " C oncentration*

X ' S u rface 2*36 11 D ep th ’ 1.43
I Depth 1*81 • I I I S u rface 1* 96
11 S u rface 2.26 I I I Depth 2 .57
11 Depth 2 .04 I I I 1 S u rface 3 .33
111 - - S u rface 2.25 m i -Depth 2 .1 8
h i -Depth ' 2.10 XXXX* S u rface 8*15
i v S urface x .m i i x i a Depth , 7 .2 ?
i ? Depth 1.6V tX l lB S u rface 7*8?
? Surface 3 .06 U M B ' D ep th ■ 7.80
t . . Depth 2 .93 11X16 S u rfa ce 7*55
VA •Surface 3*13 n i i e Depth 9.63
U Depth 2 .93 XHXD S urface 6 .6 1
VB S urface 2 .54 XXXXB Depth 7 .99
f  B . Bepth 2.33 XXXDS S u rfa ce 5.33
m S urface 2.22 n i i i D epth ' 6 .5 0
m Depth 1.86 XIXXF S u rface 6 .1 7
m Surface 3 .00 n n r 'D epth . 2 . 6?
m Depth 2 .94 XIV S u rface 3.63
v s S urface 2 . 6V ■xtv Depth 2 .76
v s Depth 2 .3 3 XT S urface 4 .4 1
?v S urface 2 .2 9 I ? Depth 2*33
VF Depth 2 .2 f 1 S u rfa ce  * 3*94
V0 S urface 2 .3 9 2 S u rfa ce 1*57
va Dapfcfc 2 .63 3 Surf&ce 1.88
VI S urface 2 .1 2 4 S urface 14.5
VI Depth 1 . 23 5 S urface 3*63
V II S u rface 1*94 6 S urface 36 .15
V II Depth 1 .55 7 S u rface 2 .4 0
V III Surface .1*76 8 S urface - 2 .1 2
f i l l Depth 1 .94 9 S urface 3*33
i x . S urface 1.63  - * -10 ■ > - S u rface 3*64
IX Depth ' ; 1*99 >■ ^  l l  ■ -Surface _ 2 .02
X Serfaee- 3 * t o ’ 12 S urface 1*94
X Depth 2 .8 2  , 13 .Surface a .6 0

■ XX , ..Surface -1*64- ;i 14: -.. ...Surface- ',-3 .00 -

♦^pTpTH r^



*-93
O
40*ei

m
2

9
< 0

&0
vi

%
ftHi
*

0s
mU

*

0 *
m«f
IS1

1#

3
m
m0
0
ms
c*'»»

w>

*
&&

<s
J*■#
1#
*4

<9

tJS

<*4
a

**»

tG0t

0

*
3*

p
iI•f1!
ft
4S
0«;

s
w

t#I:«5

•n
ft*
9#
0
**

o 93
0

I w4
G 1

.0
<n>«w tf*

9 * $*■0 ic p3 %4
M 9 •
9 9 0*
0 9 a
m 0 *

9
40 a

m

. aif
i f  «* s
% i

I  i
*4el Ik& 0

*©
0 9H «RJO .HI
$  tf
#*l H

2

J

X
ms
t
v i

00H9
S#

m
m
mM
n
■mIkH

9
*rt

e9
O
m

m%

«3T
.

n
m0

MO
J  <**4

w 9

* ■&
9 H
•  45
ft»
« 9

*
9
U

$

9
«•*&

M
m

5a
9

■%♦
9

fk
9
2
d

*
*
*fit
■m

m

Q
0
*

mm
G,*

m
IP

9
9
s

*0
6

N»

9
H
40

40
«

M

a

a
9

m

.«*
a*
9*

■<r

H H 
«* 9
9 ^0  fi 30 9

HI 
0  0  
9 0

40
£
9
9
9

1 
9

3

I  8
§

#

*

« 0Ik 0
0 *

£  S

r*{
ft§

«<
! 

t$m
 

%& 
04

.2
0 

js
.p

.0
* 

wi
tfc

 
m

 
uv

er
ag

# 
oo

m
ift

K
isr

at
io

p 
of 

i?
*3

f 

p
.0

.9
. 

to
pt

la
 

O
re

ik
 

jri
*1

4*
0 

pp
. o

ut
ru

n 
«v

#r
«g

9 
of 

3*
46

 
p.

p.
ift

* 
an

d 
lo

or

Cr
oo

k 
»i*

9*
i9i

§ 
an 

*ir
er*

go
 

of 
3.6

3 
p. 

p.
p.

 
&c

e«
pi>

 f
or

 
a 

fo
*

0

a

s t

9

£
.4

»
H
k»
9

49

5
4*
4#
9
9'%t

0

«H
H

4»

3

9
33

0
#*

9

*
91
9

0
9

9
H

0
9
49
9'
II

*4
9

9

9
t it

9

2

4#
«

H
vi

0

9

9
9
m
%*
u

u
9

3
%

#
fk
H

2 «
■9
0
tL #  1<M 9} H
9  9 0

9
0

1JSt
4>

9
4»

##

A

0
S.
0
%«

0

■*#

0 H 
H 0
a  *o
H H 
o  9

9
P4
9

9
o

f
9

I9
0

O
0

«
9
i t j t
o

9
0
m
&

H
9

0

3

S

mm

M

a*
H

i.
0
*4

JE

0
0
J®
#$

p4

tk.
01

•H
0

n

0
tu
0
m
9

0  fl
*4 4ft

f
9*
#■4 OH H

0 
9
0 9
#  #  J»lit m* *m43 w

<w
m

x  d
0 0
0 &Ik 0

•0 0  0
HI 0  9
4 8 *
3  3 .9 9  9
<9 0 0

Sit
4



PLATE
88

S D L  I c - T B T M  F e  -  F c ous

z

STM ON 4

l "

'

> \
\

\
1

f
/

/
/

\
\
\
1

/
/

\ 1
/

Ft«..l MkM F̂ .Z. 
1120 16 S T M I O N J l * ^

1090

*980 14

4io

840 11

*170

-TOO io

6 3 0

540 8

490

420 6

390

-280

210

-140

TO

*$ S '$



89

g*>

«n*"**

*

no

s i*2 a* ■a « m o,

a

JC3

a

■■H**
I

4
%4m

m
33-
5*&

#4*4' *4 <4 <4 -4 ^  4  4  «a-^ 4 -4  4  '*£ 4  4 4  4  4  A  4  4  4  4  4 4 * 4  4<p\ <Vi

C3 m

mmS o #  ■#' #  « #• #41 , «  . <© . & w _ O «■*»«*
m s t i i f s s i s i f t s s s.# i* . JT J  J* J| .# I  P *f 9r M M M m s  s  &

$
%* ^  ^  \r* ^f* V* $* $4 9«

OOo i s s g g
- « ^ n$* h

* 4 A « £ ' £ « 4 « * f i < * * < 9 4 8 a l

g 8 3 $ s s «
g g H «  — 5 & t s h  oi «n*<f *v®-fr-iO^

■ **o ^“H *00* O*3 8 t S & 3 3 3 $<!>̂ > o r o  <v»© e>»  « v M r\« e n (> N < * * » ifn i t» - » P '! i®  n  " ■ isR iH .e ■ e ii e -«■ v>
4 , 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  * * 4 4  * #  ■ *

8

H *4 {$ Sf &» i» «* <01H . K ' ^ H r - l N N H  . js* $»■ it** H 'H r t  S t *  S  H H  ^ | -  $* {&* gjp*. $* f*. £*» |a* ft* 4*- 9n» |tw 0* O* |»  ¥► ** SO H 3*4



f t

they# does n e t  soei* to  be any c o r r e la t io n  between th e  two fa c to rs*  { F ia t#  

iH H , f ig u re  2)*

H o a  S ta t io n  6 to  S ta t io n  f# tfe* so lu b le  i r o n  c o n c e n tra tio n  has 

been reduced b /  94*65 p# f cant- anti t o  S ta t io n ' f i l l ,  th e  c o n c e n tra tio n  

waa reduced 96*4? p a r  cent*  I*  i n  th e  c a se  o f  t o t a l  l r e %  so lu b le  i r a a  

ta la # #  rea ch  h b e ir  sBasdmna d i lu t i o n  b e fo re  th e y  lea v e  th e  re g io n  o f  t h e i r  

o r ig in *

In so lu b le  Iren*  In s o lu b le  i r o n  re p re s e n ts  th e  e x te n t end a re a  o f
j

f e r r i c  h f d r ^ M e - p r e o ip i t a t i o n ,  end can th e r e f o r e ,  be d i r e c t l y  c o rre ­

l a t e d  w ith  th e  f e r ro u s  I r e n  dee®ttgx»sltle&*fe.efeers. Hie in s o lu b le  i r o n  

range f o r  th e  su r fa c e  o f fsh o re  a re a  s tu d ie d  ranged front. 0,30  f**p*»* to  

3*9# p«p«ft* B*e deeper o f f s h o r e w a te r s  dem onstra ted  soaewfcat h ig h e r  

average  value a ran g in g  fro®. #*30 f»»jp*au to  5*66 p .p .n u  i s  e j e c t e d ,  

th o se  s ta t io n *  y ie ld in g ’ h ig h e r eoneex tra tio jaa  o f  o th e r  fe rn s  o f  i r o n  

showed & s ig n i f ic a n t  In c re a se  I s  t h i s  f a c to r  ( H a t#  119}* J a i n  th e  

c ase  o f so lu b le  i r o n  sad  t o t a l  I ro n , th e  h ig h e r v a lu es  f o r  in so lu b le  

i r o n  were found i n  C o lgate  C reek , tuapb rsy#  C reek , C u r t is  Creek anil S eer 

Creek i n  descending o rd e r  o f c o n c e n tra tio n  (74B&& 16)*

f r e »  MMi&m 6  t o  S ta t io n  f# th e  * # eaa t o f  in s o lu b le  i r o n  i s  r e ­

duced by ?§*6 p e r  c e n t  f ro #  th e  l e t t e r  s t a t i o n  to  S ta t io n  f i l l *  th e  i n -  

s o lu b le  iron- v a lu e  h a s  been d ecreased  by 1 2 ,3 6 .par c e r t*

l i t  r a t e s * 'the c o n c e n tra tio n s  o f  M tr s t s - f d t r o g e f t  i n  th e  F a tapsco  

E lv e r f e l l o e s  a  c y c le  which I s  c h a r a c t e r i s t i c  f o r  b o th ■su rfa c e  and 

bottom  w ater* Hie ran g e  f o r  tM «  f a c t o r  v a rie d  tm m  0*6© p .p .#*  be S.oO 

p»p*m* f o r  th e  s u r f  ace  offshore , w a te ri and from. 0*80- p .p .# *  to  §*6© p*p*su 

f o r  th e  toobtoR o f f  sh o re  w a te rs . TABU 15 show* average  e o n s e a tra t le a e  

f o r  each s ta tio n *  th e  su rfa c e  n i t r a t e  v a lu e s ,  w ere g e n e ra lly  exceeded by
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* E xcept f o r  th e  v e r t i c a l  m ixing a t  th e  tim e o f  v e rn a l  end autum nal 

c i r c u la t io n ,  th e  bottom  e a te r s  o f  th e  d eep er s ta t io n *  appear t o  he  more 

c o v e n t r a te d  th a n  th e  s u r fa c e  w a te rs  r e l a t i v e  b© n i t r i t e - n i t r o g e n *  th e  

range o f  th e  su rface -b o tto m  d i f f e r e n t i a l  v a rie d  t r m  0.0D t© 5*04 p*p,*u 

fh a  g r e a te s t  d i f f e re n c e  l e  ev idenced in  th e  summer when s t r a t i f i c a t i o n  

I s  a t  i t s  flypdaa^u fh«  ap p aren t la c k  o f t h i s  d if f e r e n c e  i s  found on ly  

i n  th e  more shallow  s ta t io n s  w here s t r a t i f i c a t i o n  le  wanting*

Although n ifc r i te -n ltro g « n  v a lu es  fo llo w  th e  same g e n e ra l  p a t t e r n ,  

r e l a t i v e  t o  upstream  v a r ia t io n ,  a s  does n i i r a te - n i t r o g e n j  th e r e  appears 

to  he  no co rrespond ing  in v e rs e  c o r r e la t io n  i n  s p e c i f i c  in s ta n c e s  r e l a -  

t i v e  to  sea  so n s! v a r ia t io n s '.  I n  many e a s e s , an  in c re a s e  i n  one o r  th e  

o th e r  o f  th e s e  f a c to r s  i s  n o t p a r a l le le d  by a s im ila r  d e c rea se  i n  va lu es 

by th e  e th e r ,  llor i n  t h i s  study  has lb  been  found t h a t  h ig h  n i t r a t e  

v a lu e s  a re  a s s o c ia te d , i n  m ost c a s e s , w ith  co rrespond ing  h igh  v a lu e s  o f  

n i t  r ib  e ~ n it rogan*

Ho s ig n i f ic a n t  d i f f e r e n c e  h as been  observed  betw een th e  n i t r i t e  

c o n c e n tra tio n s  o f  th e  p o llu te d  w a te rs  and th o se  o f  th e  n o n -p o llu te d  

reg io n s*

ffhoaphatee* . th e  c o n c e n tra tio n s  o f  phosphates i n  th e  Pmtapaco B iver 

and th e  c re ek s  t h a t  fee d  i t  e re  exceed ing ly  h ig h , jPJbosphate-phos phorus 

v a lu e s  ranged from 7 ,4 i  p,p*su to  14*8G p,p«m, f o r  s u r fa c e  w aters from 

7*91 p«p*m« to  15*93 p«p*m, f o r  bottom  w atere  and 7 ,97  p*p*m, to  11*06 

p*p,m* f o r  sho re  w aters*  O onsolt T1&U5 17,

Seasonal v a r i a t i o n  was ev idenced  a t  a l l  s ta tio n * *  Hie h ig h e s t 

phosphate  c o n c e n tra tio n *  were observed  in  l a te 'w in te r *  Phosphate-phos- 

phorus began t o  d e c l in e  i n  v a lu e  i n  March w ith  » sh a rp  drop  i n  v a lu e  in  

i p r i l  and c o n tin u in g  i t s  g ra d u a l downward tre n d  i n  May, Ju n e  and J u ly
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, reach in g  a  minimum in  th e  la  t t a r  month* th e s e  v a lu e s  beg in  t#  r i s «  slow­

ly  fro® Jugua t t o  O ctober a t  th e  end o f  which t in *  ih # r*  i t  a  audden tap** 

ward *m $*  i n  v a lu a  reach in g  a amudmum i s  w in ter*  See F la t s  %f$ f ig u r e  

3* th e  g r e a te a t  rang# i n  v a r ia t io n  wte no ted  i n  th e  upper reach## o f  th e  

r i v e r  where th e  le a *  s a l in e  w ater#  a re  found.

Accept fa r .  v e rn a l and autum nal c t r c a i a i l o n ,  th e  su rfa c e  w ater#  were 

found t© he -eatceeded b? th e  d e ep e r 'w a te r#  i n  phosphafce~pho# phorus ©©»•* 

c e n t r a t io n #  # a t  am* t s t a t i o n s ,  p a r t i c u la r ly  th o se  n ea rin g  th e  mouth e f  

th #  Fatapsco  g iver*  S t r a t i f i c a t i o n  wee most ap p aren t d u rin g  th e  summer 

when th e  w a te r as a  whole we# a c r e  he te rogeneous. The su rfa cs -b o tto m  

d i f f e r e n t i a l  d u rin g  t h i s  #«a»on v a r ie d  from ©*© t© 3*5 p*p*m* th e  ah** 

senca  o f  s t r a t i f i c a t i o n  w a s fo u n d , e x p ec te d ly , a t  th e  sh a llo w er s t a t io n s ,  

i s  th e  w ater#  became m ore . henegeaeotxe becaaas o f m ix ing , th e  s u r fa c e -  

bottom  d if fe re n c e  desu»nstrated a co rrespond ing  narrow ing o f  range* 

l u r in g  w in te r  s ta g n a t io n  th e  s u r f  a c e -h o t t  ok d i f f e r e n t i a l  ranged from  0*0 

to  l* f  p.p.m* Again#,.* su rfs c s -b o tto m  d if f e re n c e  was found w anting  i n  

th e  sh a llo w er w aters*

tfe* ' head w a te rs  o f th e  Petapaco  M vsr*  l e e r  t r a s h  and t u r t l e  Cm&k 

dem onstra ted  s ig n i f i c a n t  d if fe re n c e #  r e l a t i v e  t o  phosphate  concent r a t io n s ,  

th e  h ig h e s t  v a lu e s  f o r  t h i s  f a c to r  w ere found i n . t h e  upper reach es  o f  

th e e #  w ater#', w h ile  th e  low est va lue#  w ere found a t  th e  mouth o f th e  

r i v e t  I . a lthough  th e  l a t t e r  were by ne means phosphiit e~poor * I t  w i l l  t m 

n o te d . th a t  s t a t i o n  I l f ,  wMeb c o l l e c t s  w a te r  from th e  head o f  th e  

Patapec© l i v e r ,  y ie ld e d  an average  c o n c e n tra tio n  o f %h*$® P#f«as.* f o r  

s u r f  s e e  w ater#  and. 11*3# p-*p#m* f o r  th e  bottom  waiter#, l ik e w is e , In  

l e e r  Creek ( S ta t io n  f t  and ?g ) h ig h  e o n csa tra tlo rt#  o f  th e  heed w a te rs  

a re  fu r th e r ,  ex em p lified  by th e  re s p e c tiv e  s u r fa c e  va in#  average# o f



$3*03 p .p .m . and 13*33 p .p .m . 5 and bottom  w a te r v a lu es  o f  U * a t  p*p*m*

a ad 15*43 p*p*m* th e  amount o f  j& o s j& a t« ~ a ila tio n  fjpoa t ia t lo m  f  to

S ta t io n  f i l l  i s  34*15 p e r  t e n t  f o r  th e  s u r fa c e  and 46*52 p e r  c e r t ' f o r  '

th e  bo ttom . However, from S ta t io n  %  t o  ?* th e  amount o f phosphate  •

d i s s ip a t io n  amounts t o  3*i f  p e r  eem t-f**  th e  su r fa c e  amt 0*12 p e r  c e n t

f o r  th e  bottom* I t  1c obv ious th a t  th e  amount o f  phospfeite-phoaphorue

a v a i la b le  f o r  p lan k to n  u t i l i s a t i o n  i s  n o t s i g n i f i c a n t ly  decreased* t h i s

same c o n d it io n  i s  c h a r a c t e r i s t i c  f o r  S ta t io n  1 through S ta t io n  ¥ on th e

n o r th  s id e  o f  th e  Fatspse©  l i v e r  and S ta t io n  I I ?  and M 3Z  on th e  so u th

s id e  mi th e  r iv e r*  - ih e  .fo regoing  c o n d it io n  does • n o t e x i s t  i n  Car t i e

Creek* For example* 0iosphate**phosphorus o f th e  su r fa c e  w a ter l a  re**

d u o e d t% :k3*53 'per c e n t w hile , th e  d eep er w a te rs  a re  reduced by 43*32 p e r '’

c a n t  from th e  head w a te rs  to  th e  mouth o f  C u r t is  Creek*

O il and' Q resse . O i l  and g re a se  i s  known to  k i l l  o f f  *11 form* o f

o r g a n ic  l i f e #  ex cep t f o r  a  fungus which th r iv e s  I n  th e  a re a  o f  se v e re  *
1

p o llu tio n *  • t h i s  p o llu tio n . I s  am e x c e p tio n a lly  se r io u s  one i n  th e  . a re a  

in v e s tig a te d *  so  a c u te  was t h i s  c o n d it io n  th a t  s e v e ra l  tim es during' th e  

y e a r  t h i s  study  was conducted# th e  beaches o f Bear Break am* S ta t io n  13 

and 14 were com plete ly  covered w ith  o i l*  On sev era l- occasions#  th e  

g re a se  h a l l s  washed a sh o re  were a s  . l a r g e  a s  spsedbalX a, F i s t s  I I#  f ig u r e  

1 , This c o n d it io n  was a c u te  a t  every  s h o r e - s ta t io n  30 p e r c e n t o f  th e  

tim e  sam ples were c o lle c te d *

■ fh e  g re a se  b a l l s  have t h e i r  o r ig in  from Humphreys Creeks# a n o th e r  

w aste  r e s u l t in g  from th e  s t e e l '  in d u s try #  . i t  h a s  been rep e rb e ii-ib ab  th e s e

1
S ta te  o f  lew  f o r k  C onservation  B *partm ent, 111 B io lo g ic a l  Survey 

o f  th e  B rie~ B iagra  System* # Supplement to  th e  ,Hgbt«©nfch Im nual ie jto fi#
1 9 2 « . ± 7 0 6 8 7
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NITRATE , NITRITE — NITROGEN PHOSPHATE 
STOTION 2D
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i t  was observed  th a t  p hy top lank toa  was th e  predom inant f e r n  in  sp r in g  

and  t h a t  t#eae. o rg a n ism  m ain ta in , th in  .m uaerieal sioprettaey 

th e  summer. Qi th e  p h y to p lan to n ic  forme ,  a lg a e  were few th e  meet p e r t  

i n  dominance l a  the. headw aters o f  th e  JPatepseo H ire r  end i n  i t i y t i a  

Greek ire s u  Hie w et ere , o f  i s r t i a  Greek w ere so bottixfcifttiUy su p p lied  

w ith  a lg a e  t h a t  th e  w a te rs  w ere g?a*e~gre«ii. t h i s  c o n d itio n  e x is te d  

f r e e  'la te  sp r in g  th roughou t the- sem ier* however, i n  h e a r  Greek, th e  

predom inant p tiy iep lam kters observed  were th e  diatom s* a lthough  a lg a e  

d id  a x i a i ,  i d e n t i f i c a t i o n  o f  th e  f e m e  i n  meet case* wee im pose tb le  doe 

to  th e  se v e re  f lo c c u la t io n  o f  I r o n  -hydroxide on th e  fom a#  f in e *  a lg a l  

forms fa v o r  low ered pH v a lu e r ,  one would expect th e  w aters  o f  C u r t is  - 

Creek to  he e a H r e s a e a ia l ly  wore eonduelvs to  t h e i r  growth p a r t i c u la r ly  

s in c e  th e  hydrogcn-ion  c o n c e n tra tio n s  o f  t h i s  reg io n  were c o n s is te n t ly  

much low er than- o th e r  reg io n s  in v e s tig a te d #  Sooplankten was found to  

be i n  th e  m in o r ity  i n  th e  r i v e r  and i t  a t r i b u t a r i e s  th roughou t moat o f 

.the year* . Of th e  aeop&aatetoii observed-, I t  was. no ted  f o r  th e , m eet p a r t ,  

th e  p ro teg e e  «M  the- r o t i f e r s  were i n  ■ in c re a sed  members tow ard the , 

headw aters o f th e  r iv e r#  Copepods appeared  to  fa v o r  th e  a c r e  sm iiae  

w a te rs  n e a r  th e  mouth w a te rs  o f  th e  e s tu a ry , s in c e  th ey  were found in  

sm a lle r  members i n  an  upstream  d i r e c t io n .

th e  fo reg o in g  was c h a r a c t e r i s t i c  f o r  th #  -unpolluted w a te rs  o f  th e  . 

estuarim e. w a te rs  o f  th e  P a tapseo  l i v e r ,  i n  th e  p o l lu te d  reg io n s  o f  th e  

r i v e r  end t h e _ c re e k s , th e  c o n d it io n  was s p i t e  d i f f e r e n t#  I n  some .la*  

s ta n c e s , c e r t a in  f o r m  o f  ^ y to p M n k to n , namely th e  a lg a e , were w anting! 

th e  d ie  toms were found in  r e l a t i v e ly  sm all a m b e rs . In  o th e r  o a se s , 

n e i th e r  a lg a e  m r  d i e t e r  were -in evidence.#. In  s t i l l  e th e r  e a s e s ,  

n e i t h e r  aooplank ton  no r phytcplaiikbom were found* Diatoms ap p ea red , is-



g e n e ra l, t o  b© mrm to a lo ta n t  to  'gollsMLon th a n  e i t h e r  th e  alga© o r  

pratom o* {fA&lM I f} *

X t't t ta  observed - th a t th e  diatom* were l e a s t  a f f e c te d  tey law ewgjrem
/

c o n c e n tra tio n s  end low pi! va lu es * floeeuX aM en o f  i r o n  appeared t o  be 

th e  c o n d itio n in g  fa c to r , f o r  i t  w i l l  tee no ted  th a t  i n  th e  Bear Creek 

area#  a lth o u g h  c o n e e a tra tio n s  of' oxygen, which norm ally sup p o rt p lank - 

to n ic  grow th d id  e x i s t  j a  t o t a l  abseae© o f  a l l  form s was observed* f u r ­

th e r#  In  C u rtle  Creek low ered pit v a lu es  accompanied by r e l a t i v e ly  Mgjh 

oxygen c o n c e n tra tio n s  and l e t s  sever© f lo e  produced mmm d ie t tm  growth* 

I t  seems p o s s ib le  t h a t  th e  s e v e r i ty  o f i r o n - f io c c u la t lo n ,  pH v a lu es  and 

f i n a l l y  oxygen c o n c e n tra tio n s  e re  i n  descend ing  o rd e r  th e  f a c to r s  

l im i t in g  th e  grow th o f  diatom s*

E elattv©  to  a lg a l  growth# i t  appear» t h a t  th e s e  o rg a n ise s  fa v o r  low 

pH v a lu e s , bu t cannot w ith s ta n d  se v e re  f lo c c u la t io n  and low oxygen con­

c e n tra t io n s *  t h i s  i s  suppo rted  by th e  c o n d itio n  which, e x is te d  i n  Bear 

Greek where t h e i r  absence w m  conspicuous *

th e  p ro to co s  appeared  t o  be m eet au scep tite le  to  u n favo rab le  e n v ir ­

onm ental co n d itio n s*  f o r  s a m p le ,  m evidence o f  th e  p ro to so a  was en­

co u n te red  in  th e  e s tu a ry  o r  t r i b u t a r i e s  in  which oxygen c o n c e n tra tio n s  

f e l l  'below 4*60 p*p*nu o r re g io n s  in -w hich  th e  hydrogen-ion  co n cen tra ­

t io n s  f e l l  pH 4*5* I b i s  p robab ly  accoun ts f o r  th e  absence  o f  th e se  

organism s in  th e  B ear t r a c k  re g io n  end i n  p a r t*  o f - th e  C u r t is  Greek a re a  

and i n  th e  n o rth w es t branch o f  th e  harbor*

. With re fe re n c e  to  the, r e l a t i v e  abundance o f  th e  v a rio u s  s p e c i f ic  

p lan k to n -fo rm s , i t  w i l l  be observed  from  f l B l l  IS# t h a t  m ost w idely  

d i s t r ib u t e d  d iatom s were Q y e lo te lla  comta.* C v c lo te l la  M eneghinlans.

balsa. and S u r i r s l l a  n u lc h e l la . Obviously w ide d i s t r ib u t i o n



o f p la n k to n  does m% n e c e s s i ta te  abundance o f t h a t  p a r t i c u l a r  fo r* ;  f o r  

i t  nos observed t h a t  a lthough  c e r t a i n  fosses d id  not dem onstra te  a wide 

rang# o f d i s t r ib u t io n  i n  th e  e s t u a r y  when p re s e n t ,  --they war# observed 

i n  abundance ( fABU IS)* th e  fo reg o in g  c o n d itio n  mmm no ted  r e l a t i v e  to  

a l l  fo r* #  o f  eoopXankton soft phytoplankton* F o r .exaffipXe, C h o re lla  

v a r ie g a ta  was observed  I n  eneh treaiendotts q u a n t i t i e s . i n  th e  d u r t i*  Creek 

a re a  t h a t  i t :  im parted  a  v iv id  g re a a  c o lo r  to. the  w ater l a  t h a t  re g io n , 

w h ile  i n  o th e r  re g io n s  o f  th e  e s tu a ry  th e y  ««r#  found to  b© very sc a rc e  

o r  wanting*

th e  eopepads were found i n  v a rio u s  a t  ages o f  d e v e lep sen t a t  a lm ost 

a i l  o f  th e  s ta tio n # *  t h e i r  q u a n ti ty  vary ing  ttm  very  sc a rc e  to  very  

abundan t, depending upon th e  lo c a l i ty *  t h i s  l a  lik e w ise  t r u e  o f  th e  

r o t i f e r s *
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f i l l  IB  PXankton-Forfa* and K e la tiv e  Abundance Observed

Forms Mo. S tation©  Abundance

Matoma

Achnanthes a f t  l a t a  Grun 
'M b b to ro ra  paludoaa W. Sxn 

a c u tlu s c u la  Eta*
Amphora c o ffa e lfo rm ls  (A g.} Eta* 

o v a IIa  E ta .
O iaatoceroa  au b tlX ls  S ie v e . 
C haatoceros &p«
Cocconeia Blfainuba Faat*
C y c lo te lla  comta"T S h r .) I t s .
C y c lo te lla  g loaiera ta  a»ch«ann. 
C y c lo te lla  « e lo a iro id e s  (K irc h .) Laiwu 
C y c lo te lla  M aneghiniana I t® . : 
C y c lo te lla  p lan k to n lca  ISrunnt h a le r  
C y c lo te lla  G uadrllunc ta  S chro t

a t r i a t a  (E ta* ) Grun 
C.yinbella a f f i n i a  K t».
C.vmbella ap .
Cymbella v e n tr ic o s a  K tg.
Cymbal!* e ie tu la  (H c a p r.)  Grun.
& guetu lia  rhombidea (Bhr*} Be fo n t  
F ru a tu lla  aaxonica Rabenh.
Goatchonegm ollvacetua ( ly n g b .) Kta*

ambbto^ys (E h r .)  Kta# t , 
i ie lo s l r a  . B o r re r l i  Qrev* ' ' k ■
M closira  i t a l i c a  {Bttp*} It®* "
M oloalra m o n illfo m e e  Ag*
M eloaira mmmtuloidea (B illw t)  0*A*^Ag*;.
H alo P in a ' octogona A .S if  M.' l l e r ib iu d i i  Brun) 
l ie lo d ire  ©p i  I ^ ..... •- ..
K avicula aiafelaua Ehr*
M ayleuia c ry  n t peephole I t  a*
K avieula e X llg tic a  .Its*  .. .
I fe r lc u la  (B lpioneia) i a t e r r u p ta  E tc . ' 
M a^cS &  la n c a o la ta  (Ag*) & ta.
MavXcula p e re g rln a  (B h r .)  K ta .
N avicula pp.

. 1 #
3 ' it-
1
3 #e
3 *
% **

- a *
a
20 *#*#'
1 #
1 #
M
1 a#
3 eee#*
7 ##
4 «#
1 ft
a ft#
i *
i *
i *.
i *
l #
i *
i *
X #
2 e#
kWm

r- 1*
■ ■ ■,

> i  * : 5. t
2 «e
1 #

. a. ##
v 1 •a

x
4

-W- Jt*t?wPl»W
6 ■ ft

1  Id e n tif ic a tio n ©  by FauX S,
####& ,* very  abundant 
# * « # ' *  a b u n d a n t  #
■*## *  average

Conger
• eeeraee
* v e ry  toerece-
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1# JPXaoktoi^foms and R e la tiv e  4bundane© Observed

ir,rj| n (.......... V  . - .. . - r ..... r........ '• - Jt . 5 . •*

F©rms ' ■ " " No . S ta tion© Abundance

Diatoms - con tinued  ^  , , -

K avicula v i r id i g  (K itz seh ) K tz . 2
f f i ts s c h ia  f i l i f o r m i s  {’$ . 3m*) Bust* 2
B it& seh ia  K u tz in^ iana  H ilee* 1 *
M itzsch ia  ob tuse  §♦• Sm* 4 *****
N itis c h ia ' pale©  CK tz.l'W . 3®* u ««#«*
M itzsch ia  M a c i l i a r i a )  paradbxa (G m el.) 1 #
R itz seM a  parv \ila  le w is 1
W itzsch ia  s c a la r ia  (Ehr*) W* 3m* 1 ©
Sitg&CMa sistmoidea ( £ b r . ) W* Sm* 0 . Tv #1 <Mi IN?*̂
W itzsch ia  sp . 3
M itzsch ia  T r /b l io n e l la  Hantsach v a r . 1 *
H ite e c h ia  f p ^ l i o n e l l a  v a r .  salinarw m  Grun. 1 *
H itz sc h ia  ^vem icula.^ is (K tz .)  H antzsch 1
Pleurosicm a so* ' 2
P leuro  sigma ■' Spence r i i 2 #
R ho icosthaen ia  c u rv a ta  (K tz .)  Grun 1 ## ■

Skeletonem a costatum  (G rev .) C l.' 1 & .

S ta u ro n e is  S p icu la  H ickie 2 ##
S u r i r e l l a  an su s ta  Ktz* ■J* JuLaiaLW*T
S u r i r e l l a  Gemma Bhr. 1 *
S u r i r e l l a  l i n e a r i s  W. 3m. 1 **
S u r i r e l l a  o v a lis  Breb 1
S u r i r e l l a  ovata  K tz. 2 ■&
S u r i r e l l a  su ev ica  Z e ll 1
S u r i r e l l a  te n e ra  G reg.’ - 1 •»
Synedra • D u lehelia  --Ktz.' 13 , ■jhhhhj*
S y m d m  sp . 4 *
Synedra Dina (N itzsch ) B hr. 4
T faai& ssiosira condensate 01*' 1 *

Cblorophyceae 2

C a r te r ia  s p # 5 ##
Cbalam^domas sp . 3
C h o re lla  v a r ie g a te 12 *****
jftnkistrodesm us s p . 3 *

1 I d e n t i f i c a t i o n  by P a u ls *  Conger .
2 I d e n t i f i c a t io n  by R obert A* L l t t l e f o r d
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'TAM& %M' Continued Plankton^-For ms and Belatiy© Abundance Observed

Forma

Cyclops ■ vernaX is, F isc h e r 
C yclops sp .
Cyclops s p * '
Copepod n au p liu s  
Enrytem ora sp* 

sp*
B££ M Mmryte. 

K a u p lii sp

Ciadocera

R o tife rs

Ho* S ta tions Abundance

- a

1 
20
2
14
7
I
1

.r '' i

■ «#

**#
■ti JULjMt.W 

**•*

m  
*#  ■ 
& ■

e

1 Id en t i f  ic a  t io n s  by ..Paul 1* I l l g
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Qmrm&  i f  

'fiXdomxQV

from  th e  pmreedimg c h a p te r  i t  i s  apparen t t h a t  th #  r t i i l t i  v a r ie d  

se a so n a lly  from s t a t io n  t© s t a t i o n  r e l a t i v e  to  th e  p h y s ic a l  and ch eed ca l 

fac to r©  in v e s t ig a te d .  A d is c u s s io n  o f tk e  f a c to r s  as© t h e i r  in te r a c t io n  

fo llo w s;

fm tEperatnre* Hhe tem p era tu re  ©hftraetttvifttlem  o f  th e  fa ia p a e o  l&ver 

as© i t #  t r i b u t a r i e s  a re  m t  u n lik e  th o se  o f  o th e r  e a tu a r ln e  w ater#  o f  

% Hie geographic  area*  th e  low er tem p era tu re s  appeared  in  January  as©

February  w ith  a g rad u a l In c re a se  reach in g  a mnwdmm i s  Ju ly*  th e  low est'

tem p era tu re  record©© i s  tfei# a tm #  w a s '?*§•£# fo r  b o th  su r fa c e  an© bottom  

w a ters  w h ile  th e  h ig h e s t  tem p era tu re  reco rd ed  was 3 2 * 0 °t fo r  th e  su r f ace  

as© 3 |# d °0  f o r  th e  deeper w aters*

.Harked tem p era tu re  s t r a t i f i c a t i o n  was observed a t  th e  s ta t io n s

where deeper w a te rs  p re v a ile d #  w h ile  s t r a t i f i c a t i o n  a t  th e  sha llow er

s t a t io n s  we© s l i g h t  o r  wanting* th e  sarfacm^lftsttom v a r ia n t  d id  n o t  ©a©*

cecd 3*0®S and expected ly#  th e  deeper w ater#  dem onstra ted  t h i s  differ**

•erne to  a  g r e a te r  degree than , d id  sh a llo w er w aters* ' d i a l l e r  r e s u l t s
1 2 3

were o b ta in ed  by Cowles# lewcombe# Borne and Shepherd# lew coabe & long#

1
K.F* Cowiee, **A B io lo g ic a l  S tudy o f  th e  O ffsh o re  Mater# o f  th e  

eheaapeake May” ,  C*$. S e p t. o f  fesm eree# Bur* f ish *  Bull* S 9 I ,  #10912 
a f i - j i i #  1930*

a
0*1* fewcotabe# W* Mo ru e  end B* Shepherd# ^ S tu d ie s  on th e  Physic# ft 

ih e m ie try  o f  l e tu a r in e  M aters i n  Ofeesapeake Bay? J o u r .  Her* K esearch. 
X 2 £ 2 t3 7 * tt6 «  1939* . '

3*
C. Mswcomfee 4  A* lang# l,B i* tr ib u t io n  o f  Phosphate# in  Qhm&pwk*  Bayf 

P roceed ings o f  American P h ilo so p h ic a l S o c * .S l,# 3 *393-420, 1939*



1X4

X
and lash .

su r fa c e  w a ter tem pera tu re*  v a c i l l a te d  w ith  f lu c tu a t io n s  o f  at** 

m espheric  te m p e ra tu re s , th e  fo rm er e x h ib i t in g  a lag g in g  o f f  act*  - Bio 

mean. atiaespkeifie tem pera tu re  m m  o b served , i n  g e n e ra l ,  t o  be h ig h e r  th an  

t h a t  o f  th e  s u r fa c e  w a te r  i n  summer and low er i n  w in ter*  I t  s i g h t  be 

s ig n i f ic a n t  t o  n o te  a t  t h i s  p o in t t h a t  th e  summer o f  194$ a r t  a ty p ic a l  

In  t h a t  UBsaaaonahljr law tem p era tu re s  p re v a i le d  w ith  la rg e  amount a o f  

l ^ e i j j i i a b lo f w

Ms p re v io u s ly  m entioned {peg# $ f ) # m arled  tem p era tu re  d if fe re n c e #  

between, th e  p o l lu te d  and non p o llu te d  a re a s  in v e s t ig a te d  were n o t an*' 

countered#

Hydrogen*ion •-,C oncentretlon* th e  pH o f  th e  w ater#  mi t h e  fa ta p s c o  

E lv e r showed a ,w ide  v a r ia t io n  ran g in g  from very  a c id  w ater#  in  th e  f e a r  

©reek and O u rtis  € reak  a r e a  t o  t h e  c h a r a c t e r i s t i c  a lk a l in e  w a te rs  a t  th e  

mouth o f  th e  r i v e r ,  th e  low pH v a lu e s  o f  th e  w a ters  o f  C o lgate  Creek aw# 

a  r e s u l t  o f  th e  w*#te p ro d u ct#  from, th e  (Hidden- Chemical and Pigment Co* 

th e  (H idden Chemical and Pigment Oo&pany l a  a m an u fac tu rer o f  - w h ite  

p a in t*  I n  th e  p ro cess  o f  i t  a  m anufactu re  t i ta n iu m  d io x id e  l a  o b ta in ed  

f ro #  fe r ro u s  t l t a n a t o  (FoTiO j) ,  l lm e n it#  enpdU She r e t r a c t i o n  i s  aceom* 

p lia h e d  by th e  mm  o f  s u l f u r i c  a c id  which removes th e  i r o n  from  th e  i l -  

m enlte* form ing fe r ro u s  auXphato* th e  h y d ro ly s is  o f  th e  . l a t t e r  r e s u l t#  

i n  a  ’ d rop  o f p i*  t h i s  #cme c o n d itio n  i#  p a r a l le le d  l a  C u r tis  Creek f y  

th e  copperas d isposed  by tli#  Krebs pigment p lan t*  th e  d isc h a rg e  o f  th e

X
$«!* Ia#h* ^Environm ental C h a r a c te r is t ic s  o f  a  E lv e r  B #tuary%  

Chesapeake S io l*  la b o ra to ry  P u b lic a t io n  #64?X47~X?4, ©eoeatb**, 1947*
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m

m t  t o  am w n& l v a r i a t io n  w m n  though %h* pB value**

though a lig h t*  m m  h igher imm. l a t e  »mmm* through tfc* e la t o r .  IM s ig
X

i n  agreene&h w ith the etu d lea  o f  t m e t  and Iftmeaafe** $X*9J»» Breat sad 
* • I

frts -sX er, ftfst I teh *

$*&!)&*' o f  v ie*  r e l a t i v e  fce th #  e f f e e t  o f  j»K em plm%& «d*
4

tm m  *r*  v a ried *  D aily  l»  o f th e  e p io io a  t h a t  p%

exerte  l i t t l e  i f  gay ig&Xue&e* a* th e  m m m tiI  p e r io d ic ity  o f phyte plank-*. 
5

ton# lt#fee&UK9& fueafcloet th e  o ffaetr  o f $$ on the population o f a*y

OptOl#. i n ? w r ,  he aaeteded e i l ia ta a  4n aaproM Gile «f*vireaa&f*i§*
6

HleataaO aa# JKal* a&l&iai® th a t of ia a tre p ed . m X lm m

1 -, : ; ' ’■ . ' .
ft«F* i f  o a t  and $#4* lewcoafee, *0bterv£4i*m e on th e  d lk a l if i l t j f  o f  

*a%m&rXa« l a t e r  a. o f  th e  Cheeepsake Bay Hoof te lonenft I s la n d ,  Maryland* 11 
J w f e  Bar* .«*•» XXX* J&# 194©.

a  / , - * ,

©l#oti* E*F* Bra at mat 1*1#.. f r a s a le r , **ftu41#a of' I f  fa c t s  o f  
Xodtati* F o lia t io n  l a  tm w t  B atepace Mm®  lr e a * # ©has. M olog* la b . tub* 
#43*X£Mt©» %v«fcber# 1941

I
&.S. $*ab* ttlaa£,foiiBi®atal © b a ra c te r ia t ie a  o f a E lver Baiuary** 

theaapaak#  l i e l *  £ * to * a te ry  ffefeiieatioA  #& 43l47-l?4 , Dee «*&*?., i f 47*

4
£*#*■ *A Ix ta n tlta h lv #  0%v&f o f  th e  i$yt«piaalKt«K& o f  la k e

Michigan © olleeted  I»  the V ic in ity  o f  Ivanetoft* I l l in o i s * » f e t l e r  
tlftiveraiiy  B otan ica l gtudioa* 4(& )* 193$.

5 ..
0 . I .  :ie ich la§#«f " D ee lo g le il tep eet*  o f  iu ec* sa lo n  l a  la t e r a l  

F©poiat£oa8*,# th e  ilm oricaa i a t b r a l i a i ,  &2Clf * 406*4X1# X941*

4
1#. 4 . l i o a t o a i  aad  D* M. Hale* .• I te io f lm tle a  H a l lo o  w ith  Freatb- 

viaier loM u scat I I  ©2iyg«n te&sumptlojs l a  D e le t io n ' t© tydrogan^lonO oB- 
e en irab lee* *  F roo . Xadiaam ioatfpKr o f  fe lo n a * , 4 f * i f 3 ^ 9 f # IfII* .



1X7

£* proportion*!* t#  tH# m m rnm m tl& n* i l a i l o r  *««ult*
i  a

n w  ofct#Sfto*I i$r *&t& |fc!j^ri*« . B a ll not#* t in t  ossygtm «oa#*i**i~

t io n  o f  fm ffor £i#& w*s «tt#ek#0 kjr in tfO a o lb t ik# pB.

JNOiMt£* fk« s» iia it,y~f> itt##n  ©f fch* ffctopse© Blvor fo llow * til#

mm* gmmrml pm%mm m  th m t' tm  ofciof #rttt#*t## *s*%#ri# I t  mm  ©k*#rv#3

mrn% tit#  Mm$ m%mm mi thm ffeto j#*# ' i i * # r  * # r#  1#*# o tM iio  m m  tfe#

mkmm m% Ik# mm%h and %k*t tk *  $m*p*r i t W i  m m  m m  m m m tm m *

ttmn tit* #*#£*#• oof***** th l#  i#  in  w ith  lb #  m m  o f  B u lls ,
1  4

BaiX#jr mn* W*M*mm ### € # # l* t .

• t * * t i f l t * t lo n  ### f  mind both a t  Ik# #fcalXow#r atmiiosui m  wo 11 mm

Ik* d**p*t m%#*» s ta t io n * , *lthou#k ik «  mm?f###*k#t to #  di£fsro*stl»X o f

tk# fo m o r  m *  fo r  th* *©#% p o rt, lw*» pmmwm *&  %k*n th a t o f  ib o  Xsitor#

f t  was forth **  *fe##rv«d th a t  gw oolpltatl#©  had an afjHroeiahl* #f£#Ob on

Ik# ssiiw ik jr, O tliiiiisji th *  surf**# annooatraiiom#. 4s provionaljr mm~

th# «#a*#afe**ti#ii# fo r  itsi*  im % *t m m ld m m  prohahJjr booit #**~

km&l? <§M£mmm ha€ aofc th# p*m  Bisrifif ohiak t h i s  o t a l f  *•* eoioifcCiiod,

fmmk *# b*mntamX%p m ppltm A  w ith  rsia*

t
%M* % ##« , *%m %km m & tm  o f  § # r t* l»  m&mtmmm  ©m ©a*-

*h# n a tio n  of loftt#*, Mol* U til*  4 f# t t§ -3 i i# 1985*

8  .

. 1*0* B i l l ,  *fit# Ahilitjr o f  t a w m  li.cfc*raX. aisd OortsXm gfchar 
B irin* fin k ##  t o . nm m * M sm k m d  ®xs$§m im m  »** Bat**®# m**+ Joor* 
J^T#* H#9*

I
11*0*. Boll#* 1*1 * Bail*/, ir s*f*. &#ia&#***% **$#Xliiit$r of th# l# t#f 

o f  8h###p#*fc# Soy** o f  Hi# l» t# r lo r # i* t*  0#ol* Bmm*,
im i* m r n tm X  ?*P*» w m *  *

4
l* f*  H  M o loM ,#^  o f  tb# t f f ik o r #  f o i t r a  o f

18i##0p«#to II# «*§*!* lap* o f f iib o r io #  Ifeli* 1939*



II*

t a a s o n a l  v a r ia t io n s  ware m b  In  ev ld eaee  a t  th e  head o f  tfee Pabspaee 

l i v e r ,  w h ile  a t  th e  natith* th e  low er a m c m b m ti® m  were found to  occu r 

_ la  w in te r  w ith  a g ra d u a l Increase i n  sp rin g , reaching- %m h ig h e s t  coscen- 

i p a t i e s  in  th e  f a l l #  J^n lX ar r e s u l t s  have boon rooertfod i n  the wesfe* o f
1 s  3

iewaattbe, Borne, & Shepherd , liewcembe and hang $ amd Bash. *
4

OlftoiV m® T m m l m  £mm$ i m l 0 a t i i m n b  d i f f a r  e ase s  i n  t h e

s a l i n i t i e s  o f  th e  w ater* o f  C u r t is  Qveak* I b i s  i s  s o t  I s  agreejw m i w its  

th e  r e s u l t s  o f  t h i s  study* ftea s a l i n i t i e s  f o r  th e  s ta t io n s  i s  C u rtis  

Oreek d o n o ss trs ts d  a w ider rang#  tb o n  aianp of th e  o th e r  e ia iie iia *  f o r  

exam ple, th e  sa M fiik f  f o r  Bear f r e a k  and i t #  t r i b u t a r i e s  averaged 3*39 

p»p*t,. f o r  th e  su r fa c e  and 3*64- f o r  th e  b a tb s*  e a t e r s ,  w h ile  t h a t

o f  C u rtis  Crook averaged  £*W  £*fufc* f o r  th e  s u r fa c e  and 3*40- p * p . t .  f o r  • 

th e  b e tte d *  a lth o u g h  th e  o v e ra l l  average  s a l i n i t y  o f C u r t is  Creek was 

found to  be lo s e  then t h a t  o f  Beer- Crook, th e  range and- s u r f s e e - b e t ie * , 

d i f f e r e n t i a l  «** bp -fa r  th e  -g re a te r  4a the- fe rn e r*  i n  th e  case  e f  th e  

l a t t e r ,  th e  range o f  d lffe r e i^ e -.iiM ’foaisd. t o  be f  p en -0»&Q to  4*3$ *g>«p*t*» 

w ith  a s  a v erag e  d i f f e r  once o f 0*3? fr#j**t*-

1
$» Hewcoaho, 1* Borne and. t*  Shepherd , *S tu d ie s  o s  P hysics % Chea* 

o f  I s ts o r ln o . ISO to r#  i s  th e  $hes*pe*ke gey* * 4 a n rn * l Bar* Bos e a r eh
23$&t.«9WU6* 3939*

2. .

0 * 'io eco ab o  i  1 .  ta n g , l l ,# l* 3 f 3 ^ 4 S 0 , i f 3 f ,  « fila tr lfe * tle f t o f  ?h es* i»  
Chesapeake l a p 11* P roceed ings o f  th e  J M r is a a  P h ilo so p h ic a l Society*

f*B:* Hash, ^ M v ira im e s ta l  C h a ra c te r is t ic s  o f  a l i v e r  B stu a ry * , 
Chesapeake B iol* la b * , f*ub*#64ti4?~l?4, Bae* 194?*

4
&.JU O lsen , i*F* t r u s t  and t*4* f r # s a l« r # °8 tttd la a  o f th e  I f f  c o ts  

o f  I n d u s t r i a l  P o l lu t io n  l a  th e  low er Patagneo l i v e r  J r e a * ,  Chesapeake 
B io lo g ic a l  la b o ra to ry  P u b lic * t  ion  #43*1-40, Movember, 1941*



I n  I t  m ight b* abated  t h a t  %hm wide v a r i a t io n  i n  th e

s a l i n i t y  « f th e  • • t t t i r £ * e  m % m § *# th e  faiayae©  M t« r  I*  « s e n n i t  o f  th *  

ca&blned e f f e c t s  o f  hide® ,  convec tion   ̂c u r re n t* , in f lu x  e f

le e *  se liise  w a te rs  f  r m  th e  b r ib a ta r ie *  and v e rn a l  a»<t a n t i^ n a l  e lrc n l* *  

blest a l l  working soar# o r loee Indefwadently*

I n  ife« uapellafcad tre e *  o f  th a  y& ia^see H 4 « y , fchle f a c to r  

jmeaeesees til#  nan# e h # ra e ta r ta b le *  o f  ©they ty p ic a l  b o d ies  ©f w ater#

Sea atonal v a r i a t io n  o f  esjrgen oencmiVaiioK® was observed  f o r  -both th e

a u rfa e e  a iii  bottom  w a te rs . These v a r ia b le s *  mm- in  a e a f o r a l ty  w ith  ih©*o
X

o f o ther in v e s tig a te * * *  -Aeeerding be-Sash  ,  th e  v&lme* f o r  th is  f a c to r  

in  th e  S e ta x a a t l i v e r  wsr© ale© no ted  to  vary  on th e  aarfe 'ea  no w a ll  m  

I n  th e  deeper w a te rs . A d e c re a se  i n  eonem t  r * t i e s  was no ted  beg inn ing  r 

In  M arch, a t t a in in g  th® iowont v« l$ e  in  August# I b i s  was, l ik e w is e , ob­

served t a  t h i a  *£udy. In- th #  €ho**p*ak# Bay, s a a s e a s l  v a r ia tio n *  ccnpay-
f

a b le  t o  the*  a ah em  b a re  war# re p o r te d  by Esweomh* and Horne & Sewcembo,
i

Hgml* and Shephard.

|b #  fo re g o in g  in v e s t ig a to r*  ale© found d e f i n i t e  oaygen s t r a t i f i c a t ­

io n  i n  th e  F a ts ^ a a t  Hive a* and Chesapeake Hay re sp e c tiv e ly #  l a  th#  l a t t e r

1
-@*i# Jfaah, C h a r a c te r is t i c s  o f  a i liv a r  la t 'u a ry w, -

dftaaapoak* g& oiogtcel la b o ra to ry  Jh tfe ltea tlon  #$4 f 147^X74, tee *  1947*

0* Havre©***#' and W* H orae, "©gy-gon fo u r  Water® o f  th e  Chesapeake 
&jy*« S c ien c e , l f | i .

0# fsfeweceibe, W*. U o v m  and B. Sbepfeer#.,. on th e  fb y e ie *
and €&«tt£ftfery o f  l a tn a r i e #  W ater* l a t h #  m m m pm km  lay**  Jo u rn a l  
M arine Jtosaaveh, m f «



120

bedy o f  w a te r , Newceahe © there a r e  e f i h e  © pinion th e h  s t r a t i f i c a t i o n  

tended  to  become Im p tre e p tib ls  i n  upstream  areas*  f t i is  c o n d it io n  was

n e i th e r  observed  In  th e  eshm iirina w ater#  o f  th *  P a tu x en t in v e s tig a te d  ■ by
I

Hash ,  no r i n  th e  p ra a a a t  s tudy  o f  th e  P a tap sco ; a lth o u g h  a  d i f fe re n c e  

l a  %im s u r f s  ea -h o t t e a  w arland mm  ob served  jtvaparhlajiafca to- i t #  dep th  o f  

th e  w a te r  l » t t  which th e  sa n p le  was c o lle c te d *  I t  i s  proha h i#  th a t  th e  

g r e a te r  d if fe re n c e s  o f  th e  su rface -h o ii© #  oxygen e o ttc a n tra tie n a  re p o rte d  

f o r  the. {ghaaapeafe* Bay th en  th o s e  observed l a  th e  e a tn a r le #  a re  a r e  s u i t  

o f  g r e a te r  d e n s i ty  s t r a t i f i c a t i o n  o f  th e  hey we to re*  t h i s  g r e a te r  den­

s i t y  s t r a t i f i c a t i o n  'In- th e  Chesapeake la y  w a te rs  way accoun t f o r  th e  - 

s e v e re r  d e p le tio n  o f  oxygon i n  th e  deeper w ater*  d u rin g  th e  a im e r  .months* 

I n  th e  'p o llu te d  a re a s  o f t h e  Patspec© g iv e r  and I t s  t r i b u t a r i e s ,  

which e m p r i s e s  by f a r  th e  g r e a t e r  p a r t  o f  t h e  e s tu a ry ;  c o n d itio n s  e re  

q u i te  d i f f e r e n t ,  L u c e n t  r a t io n #  o f  low V alue p re v a i le d  d a rin g  Most o f  

th e  y e a r  th ro u g h o u t th e  B ear Greek and th e  C u r t is  Creek re g io n s . The 

lo w est v a lu es w ere observed to  have oecu red  i n  th e  a tm e r*  This i s  prob­

ably  due to  th e  a a a t ta a d  e f f e c t s  o f h ig h  te g p e ra te re e  coupled w ith  t m  p i  

c o ^ e n tr e t lo n e *  Ih e  l a t t e r  appear#  to  mtem th e  s i t u a t i o n  even m ere a c u te , 

th e  c o n d itio n  o f  oxygen d e f ic ie n c y , w h e th er s  r e s u l t  o f  low ered tem pera- 

h a re # , o r  t o  low hydregen-icm  c o n c e n tra tio n  r e s u l t in g  tm m  Indus t r i a l

p o l lu ta n t#  o r  to  th e  ccj&Masd e f f e c t s  o f  the- tw o, - s t i l l  stake# th e  enviJh*
2

©seaent u n f i t  f o r  n g a a ti*  l i f e *  ttaygon consum ption wee observed  by h a i l  #

©*I* f e a h , #Iuvir<siuaenteI C S m ra tte r ie tle a  o f  e E lver S s tu a ry 1*, ~ 
dhaaapaafta B io lo g ic a l  la b o ra to ry  fw h lie e t le n  #64;147-174 , Bee* I f 47*

g
F*0, f a l l ,  wTIte In f lu e n c e  o f  f a r / l a g  ©xygefi fe n a io n  % oii th e  

l a t e  o f  Oigrgan doswuapfcloa i n  S e r in s  flebs#**, i n .  lo u r .P h y s io l . ,  66 s212-21B 
I9 2 f .



m

to  to  Jd»e«tttigNMt W  * to  .pmmmmM t$  m  Immmrn
I

t a  lqr£tei*tt"’&*f mmm%m%&m* H U to  - has ^ a ^ a to -ra it#  th to  «to$topj>o»# 

•wdt$«MMt&t4i (4#0 to  J # f  i§i%toi* wm^mwM m  m®**

$ te te l r  ttof$*te t e t e i  t f U f i t t i i i  o f  «##.& « to « ito

StsA te& atoto tesis too&aio to te ftU o to f ft& te  mm_ ooatootoo tm  %h® g*m%k

~  * * * —  -  '■ • * « * “ ; -  -  — * * •  * —
• a te *  cm*kmb*4 'I^ .tt to k M a § , on  p i w m ^ l a  t o to t e t e  t e t o  too**  o#**&iaiMi

f  t o t o i  t o  *»vte*«toafco to *  os$# te o te  j w t o t o  m i too*  fw ooro toU

' Wmmmmt  A t e  to * lo te  -of m?$»®  to f io to to r *  t e #  mmrnmm

4te?toto$ to to te r to f*  tig to to o to  o a i ooftoolto* o f A te&  i i i i l i i i i  -

t i t e  t o  ten  f o l l t e t o  -##*00 o f  #i-ityjrst flreto** ool&totM t t e a  aten  te r a to  

riMMi^ite# «* « o » to * te to  i m t t t o n g  t o  %&©*« f& te I n  t t o  to to * # » ; 

to*# t e i t e  4to4 iw m  a f  f i i i  4#ftoloi&$ (to fo o o i}  *

to  t t o  CXiKIs ftoffe **««* e rU ic * lly  lm  m m m rnm him * a t  aoogot*
4

o§## to to i  ^  :# tom  . 'ten oator# wont t  to te to  mi mp&mtm

f i t o  «& taatS*n t o  t e l t o  t o  %hto « f to  t o  t o to t e a l to

to to  to  mmmmtt* - tm  totter* o f $*** Q-rmmH

I
M# MMm$ * § § to teto it ami lto * to to * te4  o f  O tto** tototetoa,** Halto 

f #$*  H * ra * u  i f  J & t e o r t o o *  I f 3 7 *

f•4 * ^ % eA to g »  If to te * ' o f o to o f  o f  mmt mi tm
B ill#  l i l t #

3
InUft ttooaoft#  '*»£ §• m#m&%  t o p t o t  on

i to to .  to i to t l f to to f i i  to#  to tto tte * *  fa te*  f t e to  tolto&toft CtoOktoototo 
f to o te to #  l i l t *

4
f»/«« i»F* H fnto  f to i ^ r o if to f #  o f  to #  i f i t o t o

o f  to to fto H te  l l a  teo  Ig p w  Iteopino  Aooo ^oaoftoiEo
S to l i^ o t e  fijb lSootioa ftootooir# m i *



l a a

lb *  t r i b u t a r i e s  and W  C olgat*  C reek, l ik e w is e ,  ar© dee t o  th e  in f lu e n c e  

o f i n d u s t r i a l  p o l lu t io n ,

J& o th e r  s t a t i o n s . i n  th e  fa ie p sc o  is iv e r , llfa '-eo ad ltd .o n in g  oxygen 

c o n c e n tra tio n *  r e s u l t  i r m  f e r t i l i s e r  p ro d u c ts  m&  re fu s e  oil*. In  th*  

m m  o f  th e  o i l ,  * ik if*  f i lm  ©f t h i s  was found c o v erin g  *11 o f  th e  sh o re  

s ta t io n *  and a c s t  o f  tii*  s t a t io n s  a t  th *  tipper r e tc h e s  o f  th e  h a rb o r , 

ag g rav a tin g  th e  e ea d lb lo ii o f  oxygen d e p le t io n ,  in. th e  head w a te rs  o f th *  

ffctepee* a long  U»* n o rth * * * ! s h o re ,  f a  a d d i t io n  t o  th e  a fo re a s n tic n o d

f a c t o r s ,  I s  oao which r e s u l t s  im m  th e  decom position  o f  v e g e tab le  w aste*
1

from th e  camming f s o t s r i e a  tm t h i s  re g io n . T r u i t t  i n  m

o f . th e  gh**ap*a&* g e o lo g ic a l  la b o ra to ry  re p o rte d  a  s im ila r  s i t u a t i o n  i n

%h» J&vert

**—  th e  PeeoMoke l i v e r  waa in v e s t ig a te d  w ith  reg a rd  to  p o i l a t io a  
by d*c«*»p©*ing o rg an ic  m a tte r  from tosrnto cannery  waste* Hi* e f f« e t*  
produced by ra p id  decom position  o f t h i s  m a te r ia l  m ere in d ic a te d  by ab* 
nom aXIy l e e  d iaao iv ed  oxygen concent r a t io n  end low *1 v a lu es  th a t  
were p re v a le n t  i n  th e  re g io n  e x te n d in g  f ro *  th e  sou rce  a t  foeawoke 
t l t y  to  p o in ts  some d is ta n c e  downstream*.

A lthough d e tr im e n ta lly  lew  va lu e*  o f  d is s o lv e d  oxygen do n e t  nor­

m ally  ex tend  beyond th e  n o u th s  o f i * a r  Creek and C u r t is  C reek , i t  waa 

observed  t h a t  on  s e v e ra l  o c ca s io n s  th e s e  c h a r a c t e r i s t i c a l l y  poor concent 

t r a t lo n *  p ro  v a ile d  to  i t e t l o n  ¥11 ami S ta t io n  ¥111, a t  th e  »©uth o f  th e  

fa ta p sc o  r iv e r*

Carbon d io x id e * i s  s ta te d  i n  th e  xw m lt-s (page 74)» th e  chem ical 

f a c t o r  e x h ib i t in g  th e  w id e s t rang* In  concent r a t i o n  waa csrbon  d io x id e , 

On a  whole, th e  range o f  th e  m v fac e , w a te r c o n c e n tra tio n  s h e a re d , t o  be

%■.  . .

U* T r u i t t ,  *genual £oport%  fljeampeake 11©lo g ic a l  la b o ra to ry .



w ider th a n  t h a t  o f  th e  deep*# w et*# , w ith  th e  lower l im i ts  o f  bo th  be in g  

th e  earn* end th e  upper l im i t s  d i f f e r in g  hjr J t . t f  c . c . / l .  I n  th e  Case o f  

th e  sh o re  sam ple*, the. rang* wee n a rro w e r  th e  se a so n a l v a r ia t io n  o f  

t h i s  f a c t o r  f o i l  owe a g e n e ra l  $ s tt* rn ~ h ig h  co n ce n tra tio n #  ■ I n  sp rin g *  

d im in ish in g  w ith  th e  advent ©f summer rea ch in g  th e  low est v a lu e  in  

autuawu S t r a t i f i c a t i o n  o f  carb o n  d io x id e  a lth o u g h  evidenced l a  th e  uti- 

p o l lu te d  a raaa*  was n o t observed l a  Bear Create a ad t u r t l e  freak *  l a  

many in s ta n c e #  a c t  on ly  ware th e  concent ra tio n *  o f th e  d eep e r w a te rs  

eq u a l t o  th e  su r fa c e f b u t they  a t  tim e* exceeded th e  s u r fa c e  l im its*

M lfe*W *~*tM e#iu ■ th e  head w a te rs  o f  th e  tabepse©  M ve# and i t s  

t r i b u t a r i e s  c o n ta in  h ig h e r  va lue*  o f  *iM eat***siX iceit th a n  d o v th e  a o re  

s a l in e  w a te rs  o f  th e  mouth o f  th e  r iv e r*  th e  su rfa c e  w a te rs  i n  th e  upper 

rea ch e s  o f  th e  r i v e r  were app rox im ate ly  48  per m m t mere c o ao e n tta te d  

th e n  'those a t  S ta t io n  f i l l  and S ta t io n  i f *  H i l l e r s  is la n d  ran g e  l ig h t ­

house and Seven f o o t  fa© 11 re s p e c tiv e ly *

Although h igh  v a lu es  e x is te d  wore e r  l e s s  a t  a l l  tim es o f th e  y e a r  

a t  th e  s ta t io n *  n ear th e  mouth o f  th e  fa ta p e e *  B iv e r , th e  summer velu.es 

w ere h ig h e s t  w ith  low ered concent ra t io n s  l a  s p r in g  and  f a l l *  W aters o f  

s t a t io n s  lo c a te d  upstream  were more c o n ce n tra te d  in  sp r in g  sad  d ecreased  

in  v a lu e  i n  summer* H is e a tu s r ln e  w a te rs  e x h ib ite d  t h i s  c h a r a c t e r i s t i c  

f o r  'bo th  s u r fa c e  and bottom, w aters#

th e  s i l i c a t e  co n ce n tra tio n *  In  th e  P a tuxen t hive#' w ere found by
X

la s h  to  d e c rea se  i n  th e  low er reach**  o f  th e  r iv e r*  th e  su rfa c e  w ater*  

e f  th e  P a tu x en t l i v e r  averaged  1J pe r c e n t h ig h e r  th e n  th e  d e ep e r w aters*

! •  .
0,1* laah» ftXnvlr«wmfifcal W hareeterlstlee o f  a l i v e r  Satttafy*,

Chesapeake B io lo g ic a l l a b .  fufe* # 4 ;  14?-174* ie c e e b e r ,  I f 4?*
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The « f  f  le a n t  was observed  t o  g o lg a te  C reek , Humphreys C reek , f e a r
I

§ ? m k  sad  C e r tl*  0r«ek* T m i t t  t o  th e  to n o a l  l i j a v t  o f  th e  Chesapeake

B io lo g ic a l t o to r a io r y ,  s ta te d  t h a t  p o l lu t io n  r e s u l t in g  from t h i s  e ff lu e n t

was o a t  severs#  However, t o  th e  tonus1 to  p o r t  o f  th e  fo llo w in g  y e a r  
2

,  copperas- was c o n sid e red  a a  too  moat s e r io u s  p o l lu ta n t  o f  

to e  F s tep e es  l i v e r .  ' as a  r® #u li o f  th e  l a t t e r  i isv ss tig a tto n #  T r u i t t  cem~ 

eluded t h a t  th e  edherette# o f  to *  f lo e  to  th e  p to n to n ie  form s, fo rce d  

toes* to  p r e c i p i t a t e  w ith  to *  * « a lt tn g  out** o f  f e r r i c  kfdrasetda* Ha f u r ­

th e r  not ad t h a t  th a  in ju r y  s u f f e r e d  by f i s h  was a- r e s u l t  o f  th a  .depeai-

t i o a  o f  too  f lo e  on th e  g i l l  lam ella#* The in ju r io u s  o f f  a c ta  o f  f e r ro u s
5* \ ,  . . , *

su lpha to  o a rs  re p o r te d  S3? l e i g e l t  on t r o u t  end C a li f s  to  to  salmon* to la  

in v e s t ig a t io n  concluded t o s t  coppere»  to  concom tra tions o f  2 , 7£X e*p»a* 

were f a t a l  t o  to e s *  a q u a tic  oi^anisaus* .,0en ee n tr*  felon* h ig h e r  th a n  th e s e  

h a re  baan observed In  to e  e s tu a r in e  w a te rs  in v e s tig a te d  mad i t  h as  been 

e s ta b l is h e d  by t h i s  s tu d y  end th o s e  eoadueted %  T r u i t t  end Olsson, 

h ru s t  end f r o s e l e r  t o s t  t h i s  e f f lu e n t  remnina i n  t h i s  c o n d it io n  f o r  a

1* T ru i t t*  * JasB al B epart* ,  ̂Chesapeake B io lo g ic  e l  t o t . ,  #34, X93f* 

2
H. f r « l t t ,  " J a m a l  to p o r i* , Chesapeake itoX eglcaX  la b o ra to ry ,  #40 , 

( la b o ra to ry  a e r i e s ) ,  1940*

0* W sig e lt, 0*. £**** end 1* ic h w a le , *&a* toedegnng von treach ereX  
and f ia e tts t tu to l  dureh  X ndstetrle md. M m  M m rm m m #*, Avehmr* - fm  i a g to a c ,
$ m * * lIT* 1HH5.

■4
2* T r u i t t ,  “Janus1 hepert", tons* B io lo g ie s !  lab ora tory , #40  

(tob orstory  S e r ie s ) ,  i f 40

1*4# § lso %  f . f * . t r u s t  and. H,X* T r e s o i t r ,  “i t u d i s a  o f  th e  E f fe c ts  
o f  I n d u s t r i a l  F oX lu tion  t o  th e  tow er Fgfcapaeo F le e r  i r e s ” , Chesapeake 
B io lo g ic a l la b o ra to ry  Pub* #43;1~40> Hdvaaak*** i f 41* .



i t s

eonsX derable le n g th  o f  tim * b e fo re  oscM isiing.
I

The work o f  S le rk e o d  m  c a r p ,  s h in e r s  » i  su ck ers  c le a r ly

rew ealed  t h a t  c o n c e n tra tio n s  o f - I . f  p.p.m* I n  d i s t i l l e d  w a te r was e u f f i c -
, |  .

ie t i t iy  o o m en t r a te d  t o  be to x ic  - to  th e se  jm laa ls*  © a rp e a te r- ,  who con­

ducted re s e a rc h  on  th e  mlonow, i^ u is u m s  pbojclna^ n o ted  t h a t  copperas in  

c o n c e n tra tio n s  o f  J I f  p a r t s  p a r  s d i l i o a  i n  d i s t i l l e d  m & m  m $  l e t h a l  i n  

th r e e  hour®.
3

© e ld fis )i , C ra ss iu a  £2£QS&2&* war# found %  l iX is  to  bo k i l l e d  i n

two t o  t e a  hours when p ieced  i n  farrow * s u lp h a te  eoXwtie&e o f  one-th«ra»-

end parts per a d l l io a ,  However, i n  hard water th ese  f i s h  were capable

o f  su rv iv in g  i n  e o a e e a tra tio a e  o f  ID© p e r t*  p e r  w t l l io n  f o r  id.&etjr~slx

feaura w ith o u t d e l i t e r io a e  effect® # ' She l e t h a l  a c t io n  o f  p o llu ta n t®  has

bee** c o n s id e re d  tgr S i l l s  to  be  o f two g e n e ra l  ty p e s !  (1 )  eKfceraal a c t io n

by a ■ eoafe tae tion  o f  chas& oai and p h y s ic a l  i n j u r i e s ,  and. Cl) i n te r n a l

a c t io n  o r  t r u e  to x ic  a c t io n .
4

h i t t l e f o r d  whose reae& reh was conducted on th e  fou r-spdned  a t i c k l e -  

back , I p s l t s s  u u ad reeea , eese litded  t h a t  a t  a  tem p era tu re  o f 34*©°€. any 

c o n c e n tra tio n  o f  copperas i n  ex cess  o f  1 ,000  part®  p e r  sd lX io a  was to x ic

1
• M* C lark  sa d  G. ggftae, '^S tud ies o f  F i s h l i f e  and. Water P o llu tion*1,  

F o r ty - fo u r th  gn&tial Jteperfc o f th e  S ta te  i d .  o f  Mea, H a s s . ,  FUb*.
Soc. #34 ,4*»4~34$* m U *

' 2
E* Q orpen te r, "The l e t h a l  Mb io n  o f  S o lu b le  M e ta l l ic  S a l ta  on 

Fishes**, B r i t i s h  d o u r. *& * M o l . ,  4sJ7a~390, 1927*

3'-
II, H i t s ,  ** ©abaction and ilsaeuraeient of Stream Pollution”,

B u ll. «„*• Bureau o f  r i c h ,  IM 11?63~43?, 1937.

4
1*- M t i i e f o r d ,  ^ S u rv iv a l o f- fo u r-S p in e d  S tic k le b a c k , in c ite ®  

q u cd rseu s , in  Copperas i i lu t io m * * , Oepufeliaked.



l a  Im m  th a n  t m  days* % 3y e ig h t  p e r  c e n t su rv iv ed  a  o e n e e a tr a t le n  o f  

X,030 p a r t s  p a r  m il l io n  a t  th e  mad. o f t* e » ty ~ fo a r  homra, th r e e  p e r  c en t 

su rv iv e d  6&G p e r t*  p e r  m il l io n  f o r  f iv e  day#, f iv e  p e r  c e n t su rv iv e d  $00 

p a r te  p e r  m il l io n  f o r  a la s  d sy e , i f c i r ty - a ix  p a r e e n t su rv iv ed  200 p a r te  

pe r M illio n  f o r  f i f t e e n  d ay s , sls& y-islste p e r  s e a t  su rv iv ed  150 p a r ts  p e r  

a m n io n  f o r  f i f t e e n  days and 12$ p a r t#  p e r  M i l i c a  mm m% to x ic .  I t  

m s  fomad t h a t  a dbe-vasee i n  tem p era tu re ' r e s u l te d  i n  a d e c re a se  in  th e  

£sa£ei1ty o f  co p p ers* , t h i r t y -  p a r  c e n t  su rv iv ed  a ■ e e n c e n tra t io n  o f  

20,000 part©  .per miXXloti f o r  e ig h t  .hours, tw e n ty -a ln e  p e r  c e n t su rv iv ed  

10,090 p a r t# ' p e r  m il l io n  f o r  e lx te e a  h o u rs , t h i r t y - f o u r  p e r  coat s u r ­

v ived  2 ,000  p a r t s  p e r  m i l l i e a  f o r  tw e n ty -fo u r h o u rs , w h ile  f o r t y - s i *  

per c e n t su rv iv ed  1,000 p a r te  p e r  M illio n  f o r  f i f t e e n  d ays, i t  th e  smc&s 

teM p eea ta re , e ig h ty  p m  c e n t su rv iv e d  ■ 460 p a r t s  p e r  a i iX ie n  f i f t e e n  days 

and $00 .p a rts  p e r  m il l io n  was found to  ho non to x ic  over th e  f i f t e e n  

day period*

Use p resence  o f  copperas i n  a q u a t ic  e&vlrotvfm*!# p re s e n ts  a  t r i a n g le  

o f  in ju r io u s  e f f e c t s  d is r u p t in g  th e  e c o lo g ic a l  b a lan ce  o f  th e  h a b ita t*

In  t h e . p ro cess  « f  c M d a t ie n , th e  esgpgcn nscsfiftsry f o r  th e  r e s p i r a to r y  

requirements of the organisms is  used and siftmltaneously, a lowering of 

the hydrogen-ion concentration occurs w hich, tatspendontXy of other 

fa c to rs ' esay p ro m  l e t h a l  p a r t i c u l a r l y  a t  h ig h er tem pera tu res*  th e  opto*

i e $ 'r e l a t i v e  to  th e  mode o f  testial& y o f  ooppsrag  h as  fMMm varied*
1

H ic h l in g  no ted  th a t  p&yefcaela su b je c te d  to  an ae ro b ic  c o n d itio n s  f o r  

pro longed p e rio d s  o f  tim e  I n  w a te rs  o f  low pH s u f fe re d  physio lo g ic*  1

X- ■
<?,!* f i t c h l i a g ,  MThe I f  facts of a letch o f  fkygen end o f lew 

Oaygen on P^rameoIuat,t,  11© 1* B u ll*1 IJEKXI j339-353, I f 39-



12Q

d is tu rb a n c e s  and subsequen tly  d e a th  cnaued* However, under c o n d itio n s

Of norm al pH, lo n g e v ity  was In c re a sed  d e s p i te  d ecreased  aaygen coacen*
Jt

tr a t io n a *  l l t t l e f o r d  1« o f th e  o p in io n  t h a t  t o x ic i ty  o f  copper** i s  a 

r e s u l t  o f  low ered .pH and: t h a t  m d e c re a se  i n  d ie  so lv ed  oxygon had l i t t l e
a

t a s e d l s t e  e f f e c t  o f  th e  f i s h  observed* few saai on  th e  o th e r  hand, r e ­

p o rte d  th e  f i a t e - k i l l  was a t t r ib u t e d  t o  la c k  o f oxygen impeding norm al
3

r e s p i r a to r y  fu n c tio n s*  O lson re p o rte d  t h a t  th e  e f f e c t  o f  oxygen poor 

environm ents on  p ro to z o a , eggs and la rv a e  la  in  a l l  c a se s  severe*. I t  

was observed  t h a t  a lg a e  were f o r  th e  mm% p e r t  a f f e c te d  to  a  l e s s e r  de­

g re e  th en  d iatom s % lowered pi#

%s th e  b a s is  o f t h i s  s tu d y , i t  i s  p ro b ab ly  m t  th e  r e s u l t  o f any one 

f a c t o r ,  p e r  s c ,  t h a t  a e te  a s  a  c o n d itio n in g  f a c t o r  f o r  p la n k to n  produc­

t i v i t y ,  b u t th e  e o o rd im ie  in te r a c t io n  o f  ■ a l l  th r e e ,  oxygen d e f ic ie n c y , 

pH and f lo c c u la tio n *  fh© L a t te r  w i l l  tee d isc u sse d  sutese^aently* I t  w i l l  

be n o ted  3 and YaiXaS 4 t h a t  th e  pH v a lu es  o f  Hear Break were

not c o n s is te n t ly  low, w h ile  th o se  o f  C u r tis  Creek were# On t h e  o th e r  

hand, oxygen v a lu es  w ere c o n s is te n t ly  low er In  t e a r  Creek th a n  in  C u rtis  

Creek ( f iB L i ?) * C o lgate  Creek and Humphreys Creek m an ife s ted  c o r re s ­

ponding ly  low c o n c e n tra tio n s  i n  b o th  f a c to r s  p i  and oxygen* I t  appears

1
E* h l t t l e f o r d ,  " S u rv iv a l o f f o u t - l f i n e d  S tic k le b a c k , J p e l t s a  

ouadraoue* I n  to p p e rs*  fe l la t io s * * , Bftputeliehed*

2
1*0* fow sand, *« Ir iek se n  and B* l a m e s t ,  *£rogr**« tsp o rb  m . 

F ie ld  ln v e a tig « t io n s  and Ee s e a rc h " , fash*  i t  a te  F o llu te lon  O M aisa lo n , 
Becestber, I f 38 .

9
31* A* B ison , I« f#  Scueb andW.L* f r a s s l e r ,  *0fcurf&*« o f  I f f  s e t s  

o f I n d u s t r i a l  P o l lu t io n  i n  th e  lo w er P a tapsco  E lv e r Chesapeake
B io lo g ic a l  la b o ra to ry  P u b lic a t io n  #43il**40, %vember I f 41#



m

th e n  t h a t  th e  low pH value© l a  C u r t is  Creek a c t  as a  l im i t in g  f a c t o r ,  

w h ile  4a t e a r  Creek* th e  c o n d itio n in g  f a c t o r  was oxygen d e p le t io n .  Fur­

t h e r ,  t h e . absence o f  p is n ic n ic  organism  e t  some o f  th e  th e re  s t a t io n s  end 

th e  o ffsh o re  s t a t i o n s  i n  th e  u p p e r . reaches, o f  th e  h a rb o r may be a t t r i b u ­

t e d  t o  th e  p resen ce  o f  o i l  end g re a se  c o a tin g  th e  w a te r  and reduc ing  th e  

supp ly  o f  oxygon* The action : o f th e  decomposing; v e g e tab le  w astes from 

th e  c a n n e rie s  In c re a se d  th e  oxygon d e f i c i t s  a lre a d y  e m ittin g  a t  th o se  

staM osis#

Of eq u a l im portance  a s  a f a c to r  o f  p o l lu t io n ,  i s - t h e  f lo c c u la t io n  

a&& s e t  t il in g  m t  o f  f e r r i c  hydroxide* C o llo id a l  f e r r i c  hydrox ide  p a r t i ­

c le s  p o sse ss  th e  c h a r a c t e r i s t i c  o f  .b earin g  a  c h a rg e , which w ith in  th e  

a c id  > range l a  p o s it iv e *  F laa lttev s*  l ik e w is e , f a l l  w ith in  th is- range and 

hence th ey  to o  c a rry  * c h a rg e , which i s  how ever, o p p o s ite  t o  th a t  o f  

c o l lo id a l  i r o n  hydroxide* t in e *  th e  charge  c a r r ie d  by th e  p la n to n ic  forms 

i s  o p p o s ite  to  t h a t  o f  f e r r i c  hydroxide* a  m utual a t t r a c t i o n  occurs* 4a 

a  conae^uenc#,' no t' o n ly  a re  th e  organism s k i l l e d  by a sp h y x ia tio n  r e s u l t ­

in g  tm m  th e  i n a b i l i t y  o f  oxygen to  - d i f f u s e  through th e  i r o n  c o a tin g * ' 

bu t a ls o  fey th e  #aa lb ing -oub*  e f f e c t  produced by th e  p r e c ip i t a t i o n  o f  

f e r r i c  hydroxide*

'Hi# fo reg o in g  c o n d it io n  was re p o r te d  by C lson  i n  1941 and was s t i l l

i n  p ro g re s s  d u rin g  th e  tim e  t h i s  study  was. conducted*
,  1

T o ta l i r # n » ' O lson and cc-wo#li«re e tu i i e d 't h e  c o n c e n tra tio a e  o f

t o t a l  i r o n  i n  Cur t  i e  f r e a k  t o  de te rm ine  th e  d i r e c t io n  o f  movement end

' I
fi.4* Olson* !l*f* t r u s t  end  f*-lm fr e e  d o r *  '"S tud ies o f  th e  E f fe c ts  

o f  I n d u s t r i a l  P o l lu t io n  i n  th e  low er fe te p e e o  ftlve r. Area** ih e a a p ie k e  
Biol* Xab* Fob* #43 J140* Hovefcfeer 1941#
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th e  ©mount o f  d i s s ip a t io n  o f  t o t a l  iron , frost th e  month o f  Beat* 

f r e e k  to- th e , mouth o f  th e  Fabapso© n i t e r  was datam ataw l t o  he  appyojii**- 

m sbeif I f *5 p e r  c e n t and from Humphreys Creek to  th e  month o f  th e  r iv e r*  

?6.X  p a r c as t*  f t  appears # th e re fo re  ,  t h a t  decom position  o ccu rs  predort- 

Inan& lir in  th e  t r i b u t a r i e s  o f  th e  ea»tusry 11̂  t h a t  t h i s  f a c to r  l a  r e ­

duced to  in s ig n if ic a n c y  b e fo re  e n te r in g  th e  hay*

lo lu b le  iron* f h la  f a c to r  la  indlosC lir#  o f  th e  u n p re c ip i ta te d
i

f e r ro u s  .s a l ts  which have heen oxMlse&# acco rd lag  t o  O lson ,  th e  eoneeo*

t  r a t i o n  o f  t h i s  f a c to r  i s  a t  a  sutxlmua a t  th e  aoaroa o f  contam ination* 

t h i s  la. s u b s ta n t ia te d  fey th e  f a c t  t h a t  .in  t h i s  s tu d y  th e  h ig h e s t  eoaeen- 

t r a t i o n s  o b ta in ed  were i n  f o lg a te  and ^umpferey* Creeks * In  Our t i e  Creek 

c o n c e n t r a t l ^ s  mere h ig h e s t  i n  th e  v ic in i ty  o f  th e  copperas d isp o sa l*  

Hence, th e r e  appears to  be soae c o r r e l a t io n  between fe r ro u s  i r o n  and 

s o lu b le  iron* In  m ost oases  j  a re a s  i n  which eo n een tra tie su i o f  th e  f e r r ­

ous io n s were g re a t#  a l s o . f i e ld e d  co rre sp o n d in g ly  Mght v a lu e s  f o r  so lu ­

b le  iron*  H iis  l a  in. c o a fo ra i ty  w ith  th e  f in d in g s  o f  01 mm*

M lih few excep t lo n e . I t  was observed  t h a t  so lu b le  i r o n  v a lu e s  i n  

t h e  upper s t r a t u s  were h ig h e r  th a n  th o se  o f  th e  deeper w a te r . t h i s  would 

seem lik e ly #  inasmuch a s  th e  f e r ro u s  io n  would te n d  t o  he o x id is e d  more 

r a p id ly  on th e  su rface#  because  o f  I t s  c lo s e r  r e la t io n s h ip  t o  a tm ospheric  

caygan# th a n  would th e  io n  i n  th e  d eep e r w aters*  M oreover, c o l lo id a l  

i r o n  hydrox ide  rem ains i n  th e  s u r fa c e  w a te rs  u n t i l  p r e c ip i t a t io n  i s  f o r ­

ced*. i t  m ight a ls o  be co n ce iv a b le  t h a t  •owe o f  th e  i r o n  hydrox ide  may

1
01ao%  l* g * t  B rush , h i .  and fr#*«X er, «** " S tu d ie s  o f  th e  i f f e c t*  

o f  I n d u s t r i a l  P o l lu t io n  I n  th e  low er Patapac© M v c r - i r c a - d u r t i s  Bay . 
le g io n " ,  I f 41* Cfewaapwaka B io lo g ic a l  lab* P u b lic a tio n  #43*1*40# I f 41*
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m
e t r e t i f i e a t i e a  mi n itra te*#  the varian t ranged trmm *01

be &*§ p.p .au
X

tfutehiaeon ®b**rve<3 th a t decrease* in  «&trat«Mi&fcft*e* and p)i©a»

pfc*be* f a  fit# apriag were wftli an immmmm- in  ®^rf#a and hp~

dregeft»ie* valtse*« f i i #  fee aaesib ee  he the pheeywthefeic a c t iv i ty  « f  ph j-

tej^ffctea* X® etloli eorrelatiea  m s  observed fa  th is  at&dy*

I t  i t  e ig a lf le a n t  i e  n et#  that-aebaegatA t ho the i n i t i a l  d llm tien  mt

tli® in flow in g  dewaatreaa m itr le a t ladened w aters, the e©iiesabratl.sf»* fo r

t h is  fa s t e r  re*aloe<i q u it*  stab le*  j  d is s ip a t io n  ®f not M i l  Umn 0*01
' f

p*p.a* was m% I* la sh  ' reported a decrease f a  dewnstresm

e©acentrabio»* whielt he a t t r lb e t e s  be the iagresaieia  mi fr e sh  water mad 

f e  f t *  eewsuwpbioa Ĵ r plankt*y», I f  'th e e , e tte iiite t ie a  o f  t h i s  fa c to r  

eat r e s t s  A m  tb s  esbuirjr 1* Iw dlesbive mi plankton u t i l i s a t io n ,  

f t  n ig h t be J u s t if ia b le  he as su es th a t pleafet@ a-preduciivlhr f a  th e  area  

im restigateci in  41 *cm ra g in g !/ poor*- ffel* la  not to  be In terpreted  how­

ev er , th a t  w ith the proper p h ysio-eb ew iea i balance resto red , th a t  th e
3

b io lo g ic a l  aspect would ash a lso  be reaherwtl t e  eaetliferiitsi* Hawses 

oeaslOered concentrations e f  *05 to  *10 p-.p**. e* egmeneflp r ich  In  

nitrogenous w a ie r is ! .  0 a  the b a s is  e f  the oe& eeatratioee o e le u la h a i, th e

X
££*!£• ffateh laaea, • I c o le f f o e l  gapaete mi Su ccession  f a  l a t e r a l  

fOpuX«tieis*,t» fhe fm ericen i e t u r e l l e t ,  i&£Y«4dM»l£* 1?4X*

1
0* I* la s h , *$nYi**ni»MLbal €ha?aeberlebias e f  e  M ver .le tiie i» jr!##*

. thee* SieX* la b . ,  Asloaen* I s la M , B0*» Pub* #44*147-174, ie©« Xf4f#

S '
0« lew eoa, * ? h y s lee l 4  fb ed isa  f a  th e  M k m  m i fr im m

i lb e r t  Park, iaakebehewtfi*1# #ear*.iio l*M * o f  at®*,XI,#1 s 117-1#3, 1^36*



e s tu a ry  s tu d ie d  1# s u f f i c i e n t ly  su p p lie d  w ith  n i t r e t e - a i t r o g e a  to  su p p o rt 

a  lu x u r ia n t  b io lo g ic a l  fa m ily*  W ith  m n c m lm tio m  o f 0 .6 0  p .p*m* to  

#*60 pkf*«s» f o r  o f fsh o re  s u r f  so# w a te rs  and f ro *  $»#$ p*#*a* to  #*40 ?•?«*« 

f o r  o f f  ah o ra  deeper wm iera, such an assum ption  does no t appsmr 

able*

l i t r l t a - f f t t r o f f o n . fh ia  f a c t o r ,  J u s t  a s  th e  on# p re v io u s ly  d is e a s e s ^

te n d s  to- become more c o n ce n tra te d  In  th e  upper reach es  o f  th e  e s tu a ry  an#

i t s  t r ib u t a r i e s *  For msmoi$&s# a 27*2 p e r  c e n t in c re a s e  I n  v a lu e  was

noted  t t m  th e  mouth to  th e  head o f  -Hear ©Teak* C orresponding increm ent*
X

w ere observe# i n  C u r tis  Creek* S im ila r  r e s u l ts ,  w ere o b ta in ed  by ■ Sash 

in  th e  Fatument H irer*

t ig a i f t e a m t  d if f e r e n c e s  between th e  n i t r i t« » n i t r o # e u  doiicemt x*ations
a

o f th e  su b -su rfa c e  aM  s u r fa c e  ws-tmrs in v e s tig a te d  by Bash and Wewcombe
. J

and oo-w orkere were reported-* In  t h e  c a se  o f  th e  re s e a rc h  done by Bash, 

th e e #  d if f e r e n c e s  were re p o r te d  t© have become in s ig n i f i c a n t  i n  th e  upper 

h a l f  o f  th e  e s tu a ry ,  bu t l a  th e  low er h a l f ,  th e  bottom c o n c e n tra tio n s  ex­

ceeded th e  su r fa c e  ones by 60 p e r  cen t $$ p e r  cen t o f  th e  time* th e s e  

in v e s t ig a to r s  a re  o f  th e  opimiom th a t  In c re a sed  v a lu es  o f su b -su rfa c e  

w a te rs  a re  a r e s u l t  of re g e n e ra tio n  o f  t h i s  chem ical f a c to r  i n  th e  muddy 

buttoms*

• 1
t«/§* Baah, ^ lav tro m eu fca f C h a ra c te r is t ic *  # f  a  l i v e r  Setwary*, 

{ktesapeake H oi*  'lab* Fub* #643147-174, Sec* I f 47*

2
0 .B . l a s h ,  ttln v i r o ia » n ta l  CBuupmetsrtaties o f  a l i v e r  tsb o a ry * , 

m esap eak #  B io l.  lab* fbb* #641147-176, Bee* I f 47*

3
C* leweomb#, H« Brush, W* home 6 5* Shepherd, Hindis* 

on th e  .Fhyaies .and Ohenistxjr of B a tu a riu e  l a t e r e  i n  ifie  ih esap esk e  lay** 
Jo u r . B ar. ftssssrc* . 1 I# 2 :87-114# 193*.



th e s e  same in v e s t ig a to r*  o b s e r v e  t h a t  H b r i t e - a l t r c g e n  con­

c e n tr a t io n s  become g r e a te r  i n  a. downstream d ire c tio n *  Hence, a  d e c re a se

o f  HtfwtdW HtJfegw&'iiaa accompanied ty  a n  ij& rea e *  o f  n i t r l i  e -n itro g en *
I  V>* : " . & : > '= ■"■' ' 5 :; '; •

0** found  th a t  n l t r i t e - n l t r o g e n  was s ig n i f ic a n t ly  r a is e d  d u rin g  and

even a f t e r  pl&nkton-pr©duebloa* issum ing th e n , t h a t  th e  i n te r p r e t a t i o n  

o f th e  fo reg o in g  in v e s t ig a to r s  i s  c o r r e c t ,  namely t h a t  an  in c re a s e  i n  

a l t ? 1  t**»altregea  y slu ee  i s  a  d i r e c t  r e s u l t  o f  p lcu ik tonpproductiv lty*  i t  

would th e n  appear t h a t  .the e s tm a r im  water® o f  th e  fa ta p sc o  H ire r  a re  

non-productive*  fhl®  w ould-tend  to  he  suppo rted  by th e  f a c t  th a t  p lank­

to n  popn la tieae- in . th e  e s tu a ry  a re  n o t i n  -evidence i n  g r e a t  abundance,

in *  m ight %n#at£on then, th e  appearance o f  th e  n i t r a t e *  and n i t r i t e *  

a i f r o f e n  C fc ie  i n  c e r t a in  a re a *  o f  th e  e&tu&ry* I t  mmma p o s s ib le  t h a t  

because o f  t i d e s  a M m e ie e ro lo g le a l  c o n d itio n s  aueh as wind and p r e e i p i -  ■ 

ta b io a # th e  movement* e f  water, 'in to  and o u t o f  th e  r iv e r  m ight accoun t 

f o r  th e  r e g u la r i ty  w ith  which th e s e  c y c le s  appear* C&f b a lh lf#  t h e r e . l a  - 

a  m utual in f lu e n c e  exerted betw een th e  -Chesapeake Bay and i t s  t r i b u t a r i e s  

on th e  phf«£o*chaaiic*l f a c to r s  o f each*

>*. f n  th e  * s ta * r in e  w a te rs  o f  th e  F a tapsco

J&wer* phosg&ata*pho»phoru« was observed to  be  p r t s e n t  in  heavy concern*
2 -

t r a t lo n a  (0*30 P*P*w* to  70*4 £.#$*&*}• iew cm be .noted t h a t  aamgdea 

decreased  In. c o n c e n tra tio n  fm m  ©*413 to  0*044 mg* atom s # /« 9  when l e f t

In  th e  m u  f o r  on ly  f i f t e e n  m inutes* a lth o u g h  p re c a u tio n s  were ta k e n

1
4* # r r , " H ltr it*  Content o f  ie *  fa te r 1*̂  dour* Her* Biology., - 

14*f5~5&* I P ? *

2 .
..-.#* ■ JfeweoBibe, .and a* long# #,fb* H is tr lb u tio n  o f  Phosphate*

£n th e  Chesapeake lay*# Proceedings o f  th e  User loan  P h ilo so p h ica l  
Society* S I , #£#£93*439* 1939*
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a r in e  w a te rs  o f  th e  P stap sco  fiv e r*  T his th an  would aecou?*t f o r  th e  I n ­

c re a se d  c o n c e n tra tio n s  l a  an  upstream  d ire c tio n *
1

& i«w ell M i  dOfteneirabed t h a t  th e  decom position  o f  dead organism s 

r e s u l t s  l a  th#  re g e n e ra tio n  o f  phosphorus In  th e  sea* This in v e s t ig a to r  

d e a l# a  t h a t  m  in te n s iv e  a re g sn e ra tlo r i  c m M  be a  r e s u l t  o f  p lank ton^  

m etabolism . I t  ap p ea rs  l ik e ly  th e n  t h a t  t h i s  f a c t o r  to o  m y  p la y . an. 

a p p re c ia b le  p a r t  i n  th e  phosphate  re g e n e ra tio n  Ik  t h i a  study*

P lan k to n . I t  was observed  t h a t  th e  u n p o llu te d  a re a s  o f  th e  Fatapsoo 

E lv e r suppo rted  bo th  p h y to - and so o p lan k to n ic  forms* Hie s u r fa c e  w aters 

o f  th e  e s tu a ry  Old m t  te n d  t o  have g r e a te r  p o p u la tio n s  th a n  th e  sub­

s u r fa c e  w aters*  This c o n d it io n  a d a t e d  i n  a p i ta  o f th e  g r e a te r  a v a i la ­

b i l i t y  o f  oxygen which i s  found in  th e  s u r fa c e  la y e rs  and t o  th e  lo*  

c re a se d  c o n cen tra tio n *  o f  n u t r i e n t  compounds in. th e  s u r fa c e  w aters*

P la in t  on p o p u la tio n s  dem onstrated  se a so n a l f lu c tu a t io n s  which v a rie d  

'With s p e c i f ic  forms* I n  g en era l*  th e  diatom s* a lg a e ,  p ro to so a  and cope* 

pods appeared  i n  g r e a t e s t  numbers i n  th e  spring* 1 d e c l in e  i n  numbers 

was observed  a s  th e  summer p ro g re a s e d .. - th e  r o t I f e r a  appeared t o  i n ­

c re a s e  In  p o p u la tio n  d u rin g  th e  l a t t e r  p a r t  o f  th e  summer* T h is sp r in g  

bloom ®f p la n k te ra  I#  c o in c id e n t w ith  .decreased  v a lu es o f  ..n itra te#  and 

phosphates and hence probab ly  «cc#un ts f o r  th e  d e c l in e  i n  co n cen tra tio n # *  

In  g en e ra l*  ftiy top lan teton  i s  th e  predom inant form  o f a q u a tic  l i f e  

i n  th e  u n p o llu te d  a s  w e ll  a s  t h e  p o llu te d  re g io n s  o f  th e  estuary*  t h i s  

num erica l supremacy I#  achieved- i n  auaao r and i s  m ain ta ined  th ro u g h o u t

I
II* JU $ i« w e ll# wfh«^ i*m aX  O rganic f r e d u c t io n  and V tttr lo s t  

FJiosphorus H e^u iream t. in  th e  t r o p ic a l  i e s t e r n  f o r th  i t l a n t i c 11.# dour* 
du g s n s o il  Intern* pour &*Sxpl&?* do la  lisr* # l ,# X t 20~32# 1935*
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were i t  n o t i m  th e  f a c t  t h a t  alga© mm m  p le n t i f u l*  J l g a l  t m m  do n o t 

r e q u ir e  la rg e  § f» m tlt le e  o f  oagrgam* -In t h e i r  p h o to sy n th e tio  a c t i v i t y ,  

thee# ' p lan ts- l i b e r a t e  eagpge&y which i s  a v a i la b le  f o r  u se  fey th e

eoepla&kfeonlc f e r n s .  I t  i s  p o s s ib le  t h a t  th e  absentia # f  a lg a e  i n  B ear 

Creels i s  n o t due t o  low e ^ g e n  eeaeag& rgttea*  n o r  to  low hydrogen -ioa  

values*  Exam ination -of ■ 4 ,  i ,  ?  and 8 d* tt»R »trates t h a t  v a lu e s  f o r

th e e #  f a c to r s  were a s  leer l a  C u r t is  Creels a s  th e y  w ere i n  B ear C reek | 

hence , e lim in a tin g  th e s e  two f a c to r s # one m ight conclude t h a t  f e r r i c

hydrsa&M* i s  th e  m ost a e r ic u s  p o lh a ta n t in  t r i b u t a r i e s  o f  th e  e s tu a ry ,
1

Olson ,  l ik e w is e , m m  o f  th e  o p in io n  th a t  pfcyiopi&nfcton f e r a e , be­

cause o f  t h e i r  low oay gen-engaging  r a t e  a re  a b le  to  w ith s tan d  ejgrgen- 

d e fe c ts  w ith  l e s s  in ju ry  r e s u l t in g  th a n  can th e  anim als* E e la t iv e  to  pH, 

th e s e  in v e s t ig a to r s  observed  t h a t  a lg a e  w ere l e s s  a f fe c te d  th a n  th e  d la~  

toms* I n  reg a rd  Co th e  s e t t l i n g  o f  f e r r i c  hydrox ide , th e s e  in v e s t ig a to r s  

m a in ta in ed  t h a t  th e  sm a lle r  organism s s u f fe re d  m m  s e v e re ly , they  

noted t h a t  eepepede w ere on ly  a l ig h t ly  a f f e c te d  fey f lo c c u la tio n *

I t  i s  s ig n i f ic a n t  t h a t  th e  n o r th  w a te rs  o f th e  e s tu a ry ' i n  g e n e ra l ,  

a re  n o t a s  p ro d u c tiv e  m  th e  w aters on th e  so u th  sM e  o f th e  estuary*  

t i t l e  su p p o rt*  th e  chem ical f in d in g s  t h a t  p o l lu t io n  r e s u l t in g  tm m . th e  

i n d u s t r i a l  e f f lu e n ts  im much m o re .sev ere  on th e  'n o rth  a id #  ©f th e  e s tu ­

ary* _ F u r th e r ,  W ith d i s s ip a t io n  o f  th e ' p o l lu ta n ts  tow ard th e  mouth o f  th e  

e s tu a ry  norm al ectelegiemX b a la n ce  I s  p a r t i a l l y  r e s to re d  end p lan k to n  

grow th become* tm m  i n  ev idence  *

1.
E,JU #1 son , H.F* B re s t and B * l. f  resales* , ^ S tu d ie s  o f  th e  E ffe c t*  

o f  I n d u s t r i a l  P o l lu t io n  i n  th e  low er fa ta p ec o  E lv e r  a re a 11# Chesapeake 
B io l ,  lab* Bab* #43 :140 , November I f 41*
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I t  m y  be concluded th e n  t h a t  th e  u n p o llu te d  a rea*  o f  th e  ©efcuarr 

dem onstra ted  c h a r a c t e r i s t i c  f& u& tea  s t r a t i f i c a t i o n  and se a so n a l v a r ia ­

t i o n  nis&Xsr t o  o th e r  e s tu a r ie s  o f  th e  Cheeapeake Bay* !fe*ev«r, i n  th e  

p o l lu te d  a r e a s ,  p lan k to n  form s .were a s r io u e l^  d ia d a lfh e d  o r  f o w l  w anting , 

hence tfe ie  p a r t  o f  th e  food c h a in  o f  a g n a tic  o rgan ise*  haa boon e l i a l a -  

a  ta d  *
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m m i m t m t

th e  conclusion* o f  t h i s  study m»f be m tm m ise d  me t e l l m m  _

1* th e  la m est tem p era tu re s  occur i n  J*astary and feferuary a t  th e  

end o f which t l M  tem perature®  emend.* th e  mmimvm % m p em tm ee  mere r e ­

corded i n  «*uly and: subsequen tly  began fee d e c l in e .  S t r a t i f i c a t i o n  nee  i n  

ev idence  a t  e l l  %imee excep t d u rin g  period*  o f  v e r t i c a l  misting* Atmos­

p h e ric  ts s ip e ra io y ee  a p p re c ia b ly  In flu en c ed  h o u rly  aa w e ll  ■ aa d a i ly  v a r i ­

a t io n s  ©f tem p era tu re  m t s u r fa c e  w aters*

a. tffshes*© surface and deeper w ater#  were ©haerved t o  rad g e  from 

pH 2*1 t o  p i  9 . a and p i  2*0 to- p i  9*5 re sp e c tiv e ly *  th e r e  s t a t i o n s  f o r  

which o n ly  s u r fa c e  concent r a t io n s  were determ ined* ranged  teem  p i  3*0 to  

pH 9* a .  th e  hydrogen-1 on cs& eenbrati©  no w ere low er I n  summer th an  a t  any 

.o th e r seaso n  o f  th e  y e a r  I n  th e  p o llu te d  a re a s  o f  th e  e stu ary *  The low** 

s e t  v a lu e s  were ©fetal nod in  C u r tis  C reek t m  o f f  sh a re  s t a t i o n s ,  and in  

C o lgate  Creek and Humphreys Creek f o r  th e  sh o re  s ta t io n s *  I t  was noted 

th a t  th e  low concent r a t io n s  observed  i n  C olgate  Creek and Humphrey#

Creek w ere c o n s is te n t ly  .lower th roughou t th e  y e a r  th an  In  any o th e r  

re g io n  in vestiga ted *  l e t h a l  v a lu es  fo r  t h i s  f a c to r  were found continu­

ou sly  i n  C o lgate  end Humphreys Creeks* U npolluted waters remained* fo r  

th e  meat p a r t ,  c h a r a c t e r i s t i c a l l y  a lk a lin e *

f* -fbe broad v a r i a t io n  o f  s a l i n i t y  i n  th e  e s tu a ry  l a  a  r e s u l t  o f  

th e  eeftbined e f f e c t s  o f  t i d e s ,  e a a v se tto a  eurrente* I n f lu x  o f f r e s h  

w a te r from th e  t r i b u t a r i e s ,  v e rn a l  and  autum nal c i r c u la t io n  and p re c ip i­

t a t i o n .  The v a r i a t io n  o f  t h i s  f a c to r  ranged from 0 .6 0  p » p .t . to  6 .3 ?  

p . p . t .  f o r  su rface w aters  and 2*2 p . p . t .  t o  6*5 p.p*t* f o r  th e  d eep er
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motor*, m lm $ mwrnXlg oeoot io  fa ll#  d&*atifie*%!0 ft .« #

ofconrvmd, i a  i tm i r i l }  a t  a l l  a ta tfa iia #

4# Sft*«o&r#0 oogrftw worioO fm m  m i t * 4 l  t o  14*21

P*p*m * (oorfooo m ttm km m m  otofcio*#}* 0*45 #*.p*o* ta  9*31 #, 

esffiOoro **#*4ofi*> oitO 0*14 p.p.o* to  $*i p#p.»* ( t  fc*ro etott***) * 0*f* 

goo OMteOtttrotloiio on# loopo-rotm#* woro i m m i  %# to  im w to ijr •oorrolotoft 

fo r m m im tm  motor* «*€ tio  M & w tm t 1# Oirootljr oorrolotoO wi&fc J^ rp fo a - 

lam eoimo^trotioti* In  tH# mtmm o f ooppwp** jNtiUmtl#**. t&rf ao»~fcot * m  

4 4 § tm m m m  worm otooorvoO vtp  to  f . j  p.gMi* 7H* trilw to rto*  «f t&o 

#fjr *r * o§*r*#t#?&HMf fcjr #i r̂g#j**#oop motor# tfc* y#or r m m 4 P b m m m r s tbo*o 

lair *o*o«ftt ?«&£**• 4m  m b  m m * X Z $  *&%***& 4at® %h* Pm&mpm&m Moor. tho 

nppm w  rooefco* of %h# rivor p m m m m  OotrSmoatolXjr 1mm ytl«**f tfc* osgrftoa 

O o f ie i t  from  poiXmtft&t* I n  ih *  or#**

I*  lfe« aatmftx^ t# lfc a t* ? ti i r  or# w a ll *i*f*pXio4 illls . oorfcoa**

M&tlfto# i  #**)$* mt 0*071$ o e . / l .  t o  I4 * f  «o#/i* f o r  ***£*«• o ffo h o r#  

motor#* ®*f5# o o ./I*  to  34*29 M u A *  f o r  4 m p & ! a f f  o&ero- motor* *n&

0 .5 1 0  co ./l*  to 25*00 ee*/l» for oftor# omrf*## worm m t#3. Hi# oarf*e«~ 

tottom M fforoatial ntsifttf from 0*0 to* A* to 11*74. «o./l*  tho Mgt*##t 

4 4 t im m m m  m o r ta l  1st B m m m m l v*ri#M *jg* wfcioh mm  etevoetor*

lo ti#  o f  otta*  ootworino wo tor* m m  ofesorvoft la  ife* fotopuro ttiror*

6# l a  oa  Wjp>otfo«R Mr*o*4#*i, ifeo o i i i o o t#  ooooo ittro tlo ii*  mppmmt to  ' 

tm m m m  M glttf • fm r  ite# m m X  port* ill#® # tola## fo r tfe* oar*

f*ao  jtoro W #0or i&»« tfeooo o f  tfeo <*o#jj*r m otor#* fit#  oworogo ?*&§* f o r  

th l*  v a i t«  moo *0435 l» / l *  t o  1154 f * / l .  f o r  om tfooo srotoro*
o

.0471 i * / l #  t o  *1111 i . / l *  f o r  imopor o ffo h » r#  m otor# #M  *0111 g*/X# t o  

.115# i* /l*  'far ohoro motor*. $** #arf#oo*0*ttfmi Olfformat# lit m m m w st*  

% m llm  vorioO fmmo 0*0 f* A #  t o  0.04*7 ft* A *  Tfe# «0*«o»o o f  101#



m
d if f e re n c e  was encoun tered  a t  th o  sh a llo w er s t a t i o n s  o r  a t  th e  p e rio d  o f 

v e r t i c a l  mixing* Ik#  h ig h e r  su rfa c e  c o n c e n tra tio n  i s  I n d ie s t iv *  o f 

e i t h e r  th e  I n f lu x  o f  f r e s h  w a te r  from  th# tr ife m te ri# #  o r  poor d ia tom  pro­

d u c t iv i ty  o r  both* High value® f o r  t h i s  f a c t o r  e x is te d  more o r  l a s a  a t  

■ a l l  tim et- o f  th e  year*  However* a t a t  l o s t  more jpros&atmlly. lo c a te d  to  th e  

mouth o f  th e  r i v e r  d*moa*trs%«& h ig h e r  com cem tratloiia I n  th e  summer w ith  

a d e c lin e  l a  v a lu e s  i n  sp r in g  and f a l l *  th o se  s t a t io n s  lo ca te d , i n  th e  

tipper reaehe#  appeared t o  fee more con cen t r a te d  i n  th e  s p r in g  and- d e c re a se  

iM v a lu e  in  th e  summer*

?* f o r m a s  i r o n  .m s  found th roughou t .©ear ireek*  f o lg a t#  Greek, 

C u r t is  Greek aM  Humphreys -©reek* Mo ev idence  o f  t h i s  p o l lu ta n t  was de­

te c te d  i n  th e  mouth e a te r#  o f  th e  fm tajiseo l iv e r*  th e  range of t h i s  

f a c to r  v a r ie d  from a t r a c e  t o  UQ#D«& p*p*m# ■depending mpon th e  d ie  teh e e  

th e  sam ple was take® from  th e  source o f  d isp o sa l*  S igh  f e r ro u s  i r o n  

value® were d i r e c t l y  c o r r e la te d  w ith  low oxygen v a lu e s . So s e a so n a l v a r­

i a t i o n  f o r  t h i s  p o l lu ta n t  was ev idenced . F lo c c u la tio n  and p r e c ip i t a t io n  

of f e r ro u s  i ro n  r e s u l t in g  f v m  h y d ro ly s is  o r om&dgtlen wee observed  t o  

be s e r io u s  I n  a l l  reg io n s  where t h i s  e f f lu e n t  was d isp o sed .

. ©* th e  m ag e  o f t o t a l  I r o n  v a r ie d  from $*10 p.p.m* to  2 f  . f  p . p.m. 

f o r  su r fa c e  o f fsh o re  s ta tio n ® , from- 0 .2  p .p .* .  to  54*# p .p .® . f o r  bottom  

o ffs h o re  s ta tio n ®  and from  1*5? p .f .s t*  to  .31**1$ jup*su f o r  sh o re  s ta t io n s *  

la- g e n e ra l ,  c o n c e n tra tio n s  o f  s u r fa c e  w a te rs  w ere found  t o  fee h ig h e r  

then  th e  low er wet e r a .  I t  m s  observed  t h a t  th e .  m ajo r p a r t  o f  deoompe* 

s l t i a n  o c c u rs  i n  th e  t r i b u t a r i e s  o f  the,, estuary*  ©his l a  su p p o rted  by 

th e  f m t  t h a t  d i s s ip a t io n  o f  t h i s  . f a c to r  was found to  fee ra p id  i n  th e  

t r i b u t a r i e s  and le s s  ■ ra p id  i n  t&o e s tu a ry  proper*

9* S o lu b le  iron - a s  an  in d ic a to r  o f  u n p m c ip l ia te d  o x id is e d  fe r ro u s
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m
v a lu e  by th e  bottom  w aters*  th e  range o f  d if f e r e n c e  v a rie d  from  0*0 p.p#m. 

to  $*§4 p*p«** lb  s ig n i f ic a n t  d i f f e re n c e  was no ted  r e l a t i v e  to  t h i s  f a c ­

t o r  betw een p o llu te d  and m en-polltited  reg io n s  o f  th e  e stuary*

13* th e  ea to ay y  a m  i t a  t r i b u t a r i e s  a r c  b o u n t ifu l ly  su p p lie d  w ith  

phoephata-phosphorue,  ran g in g  from ?«4S £*?•&» t o  14* HO j>*p*m# ( s u r f a c e  

o f f s h o re  w aterss), ? * f l  p*p*m* t o  15*93 P*p*m# {bottom  o ffsh o re  w a te rs)  

and f * f f  pmp*m*. to  1104 'f o r  sh o re  w aters*  lo a d  m m m  m m  ob*

served  to  jje-.more c o n c e n tra te d  th a n  th e  downstream wmbwrft* itoeopi dor* 

l o t  th e  p e r io d  o f  v e rn a l  and autum nal c i r c u la t io n ,  su r fa c e  w a te rs  way# 

exceeded by n i t r a t e  m m m tm k lp m  o f  d eep e r w aters*  -Oh* r a c ie r  l e t l e  e e a -  

s o m i  v a r ia t io n s  w ar# observed*

14* O il  and g re a se  wee observed  a t  a l l  sh o re  s t a t io n s  e ig h ty  p m  

c e n t o f  th e  tim e f i r i n g  which th is ,  s tu d y  w m  conducted* O ffshore  e ta - -  

t io n a  lo c a te d  i n  th e  upper -reaches o f  th e  rives? w ere  f re q u e n tly  covered  

w ith  a  f i lm  o f  o i l*  t h i s  f a c to r  m an ifes ted  an  a p p re c ia b le  e f f e c t  on th e  

oxygen c o n c e n tra tio n s  o f  th e  area*  th e  g re a se  which covered  th e  sho res 

o f  f e a r  d reek  and which I n  a  c o a le sc e d  •cond ition  was fcuod a s  f a r  down 

th e  • Chesapeake- Bar *a gnnm poll*, h a s  i t s  o r ig in  from  the- Humphreys d raak  

i n to  which e f f lu e n ts  from  th e  I ro n  and s t e e l  m il l s  are- emptied#

15* s u r f a c e  w a te rs  do n o t tend  t o  produce more p la n k to n  th a n  eub- 

s u r fa c e  w aters*  P lank ton  - s t r a t i f i c a t i o n  was n o t s ig n i f i c a n t  i n  th e  

sh a llo w er s t a t i o n s  n o r a t  t h e  %&m o f v o r t i c a l  m ining* S easona l v a r ia ­

t i o n  o f  p la n k to n  was c h a ra c te r lm e d  bar in c re a se d  p o p u la tio n s  o f  a lg a # , 

d ia to m s, p m k m m  and cepepods I n  th e  sp r in g  w ith  a  d e c l in e  lm number# 

i n  th e  summer* E o tii 'e rs  in c re a s e d  i n  th e  summer w ith  a  maalaum number 

in  th e  f a l l*  th e  in c re a se d  p o p u la tio n s  of. th e  fo re g o in g  wore c o in c id e n t 

w ith  h ig h  c o n c e n tra tio n s  o f n u t r i e n t  s a l t s *



X46

16* I n  t h e  p o l lu te d  reg io n s  o f  th e  e s tu a r y ,  a g e n e ra l  d e c re a se  i n  

th e  q u a n t i t a t iv e  v a lu e  o f  p la n k ta re  was noted* th e  p ro to so a  appeared  t o  

ho floa t e a s i l y  and g e n e ra l ly  a f f e c te d  fey low co n ce n tra tio n #  o f  oxygen, 

h y d ro g cn -io n  and fey f e r r i c  hy d ro ^d # *  a lg a l  fo ra *  a w e  le a s  a f f e c te d  by 

osygen and fav o red  low ered hyd reg en -io n  c o n c e n tra tio n #  h u t were - s e r io u s ly  

a f f e c te d  fey th e  se v e r#  f lo e  o f  f e r r i c  h yd rox ide , O latciss wore l e a s t  

a f f e c te d  fey th e s e  f a c to r s  ex cep t in  v a lu es  which because o f t h e i r  conceiv* 

t r a i l  oft# were co n d itio n in g *

If*. 0n th e  'feast# o f t h e . h ig h  c o n c e n tra tio n s  o f  n u t r ie n t  compound* 

c a lc u la te d  f o r  th e  -ea ttsa rin a  w ater#  o f  th e  fa ta p sc o  l l iv e r ,  one m igh t 

conclude  t h a t  p o t e n t i a l ly  th e s e  w ater#  a r e  most f e r t i l e  I f  e l im in a tio n  

o f  such p o l lu ta n ts  a* copperas * o i l  and g r e a s e , ' v e g e tab le  waste# from 

c a n n e r ie s ,  e tc**  eomld fee executed#
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