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~uL~2 ~isposal Operations /
t ± ~-~~~-*~ertitored the results of seven disposal .

operations involving sediment dredged from the GBEc
1~ 

Thi s
section summarizes the results from the four operations for
w~ ic

’n there are sufficient data for comparison with elutriate

test result data . A complete description of the experimental

:,rccedures , dump nomenclature ,and resul ts  are presented in
-

~ 
~~~~

. Le~
In each operation , the sampling ship was positioned

approximately 30 to 300 meters downcurrent from the dumping

site. The physical and chemical characteristics of the water

column before , during , and after passage of the surface turbid
plume ar is ing from the dump were monitored. The sampling
vessel was positioned in such a way that the center of the

surface turbid plume would pass directly beneath the sampling

boat.  The presence of the turbid plume was indicated by a
dec r eased percent transmission of the water. The proximity of

the samp ling vessel to the point of discharge enabled a compar-

ison of the turb id i ty  and the release of any contaminants for
each du mp monitored.

The total depth of the water column in the region

of the monitoring site was 16 to 19 meters . In general , sam-

ples were obtained by continuous pumping of the surface (1 m),

mid-depth , and bottom (approximately 1 meter from the sediment-

water interface) waters. For parameters such as percent trans-

mission , D.O., pH , and salinity measurements were made with

submersible transducers . Generally the transducers were

maintained at a f ixed depth throughout the disposal operation .
All disposal operations took place near Buoy D in the GBEC
Disposal Site.  This buoy was used as a marker for the loca-
tion of the dump site.

Galveston Dump No. 3
The third monitored GBEC disposal operation occurred

at 1’4 :30 on August 28 , 1975. The surface turbid plume arrived

612



at the samp i in~ shi p at  14 : 34 and pa:; :;ed at 14 : 3 t~ . Ap p r ox  i —
mate ly  1301) cub ic  yards ci inatcr’ia 1 d r edged be t w e c i t  i~u~’ys ~
and 8 Were d i s p o s e d  01 d u r i n g  t lie dump . T u e  :;an:p ii ng boa
was cc a ted 5dt ou t 01) mete r s  t rom t he dump s i t o  . Tho Ut ’  I aco

cu r r e n t  was 77 c m / s e c .  N ea r  t i t o  b o t t o m  it w i : ;  on t ho i~~I c i ~
ot  ‘1 cm/soc.

~_~~t ica l  pi’cpc i t I os . I ’ igui’e i~ t :;how :; th e  pe r o c i t  t

t ransmiss Lou at _‘ , , and I i~ mc to  rs t o L low i ti~ . ~~i ~ve: ; t on  h ump
N o .  3 .  The j’re:;olicc c i  su s p t n d o d  i m t t o r i . t I  a t  t to: ;o d e p t h : ;

was t ~rs t oh~;c I V O s I  ~~ . . and ~ . 1) iii Lnut os • i : ~poc t ivo .1 v

id low i t t ~ t 110 Li :;pc:;d I . A:; shown in 1 i ~‘u ‘o ~ , t ho ~‘ i t ’ t e : ;  t

UrhiLli t V  Wa: ;  1 ound  at  t lie h o t  t on: do pt h • w i n  i’~ ’ t u i b  i d cot:—

ditous pors istod toi ’ 1t~ m i n u t  o~;

i L :;solvccj oxygen . Pi~~:;ol vod xv~ on d a t a  I or da tvos—

t on Pu mp N o .  3 ( 1  igure  :; ) : hoi~ I h a t  at  1 n i t  I o t : :  t h o r~

was an ut o ro i : 0  i L l P. P p iox to V Il . n nn’, / , u: ; at  t. c

I O U lI i i  000 t t ’ i  ‘ t si :\ I t o t  I I: ; i i i ’  I act’ .1 ; ;1n a i i v  o , a I ~~. P .
51t ’c i o a : t o t  I r n / i  i on;  I to  b~i : ;o i  j u t  wa s  c b : ;o i ’v o 5 l .  ‘io n m i i i —

L i t  t ’ ~t t t t ’i  L :  1 s t~~~, t j  t ho c o i t c o m i t  ra t  on o t P .  L 1 . r o t  ut’ t :cd t o  
‘1

ho t ’~ sI u~~’os.i 1 L t v ~’i : :
h io ,ivv imio t ahu . 1’ , t h  i t ’ .‘ i i i  1’r o ; ;c i : t  tho w 5 t t t ’ i ’  c c i

L ’ Of l 0 0 l t t  t’a t lo t : :;  of h e avy  ut ’ t a  S 11101: i Lci’o51 I or  P a l  vo: :  t o n  Pu mp

No . 3. ~o I u h I e  uh ’, a i iO : ; o  d uLl L i d  conc t ’ I I t  i’a I i o u : : ;  t I  I , , d U L l

In l u t t o m : ;  j n c r o a: ;o d  w it I i unc a t  l o x ’  t l t ~ P wi:p ‘~‘t ; r r ~’~l ~i i u 1 i t ’ —

ml  L n ~ ’P 0 L t ’v a t  o P a t  t t ’~~’ t i t o  p i u n i t ’ j : ; ~~~’ s I .  P i t : c , i r on ,  an~t
0 ~ cc: ci: i t L S I I t s ’ 1 ca:  ed Li  u u ’  :~~

‘. p unto i ~~~~~ I~i i  I LI ~ —

c i  ‘ c t  c~ 1 I I I t  ‘Wa ‘~~~ ; t o  p i t  — P p0: .11 L 0\  o 1 : ;  . Ti:5 ’ ‘
~~ ‘ Wt ’ ‘0 I t o

~‘ I ; . i : ; ’ c :  i i i  L ’ l l r o l I t i U; : 1 , c i d u t t u n : ,  c o p p o r ,  Il :t ’t ’ c t l r \ ’  , or a i ’ S o i t  i 0 aS

U i  I I t I i  i I i : ;  ~u ;  I 1 L 5 1 ’ t ’ ‘
~ i t  i on

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :\ I l touy, h I i to  ~i r n T : i 5 :; i 1:1:1 s ’ o l l L O l l

t i ’ ~: t : 5 ’ m ;  m ’ s ’ I ; I ; u t t ’5 I  t ’ : ; ; . t ’ i i t  i . i l  ~~ h i t ’ :; t : ; ; t ’ t~~ i~ i i  I : : u r t , t 5 ’ t ’ a u n t  m m d —

I t ’ i t t  ::, i : n ;  l~’ :; Lu L~~~I .1 ~~
‘
~~ ‘ : t ~‘ i t  i~ i imi: : ’  Nt ’. 3 1 T a t  I c  ,‘ • i t  j u t —
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reachod the sampling ship. Just three minutes later , wh en the
plume had apparently passed , the concentration at the bot tom

essen t i a l ly  re turned  to the det ec t i on  limit of the analytical

p x’oced;;re used . Organic N concentrations in the surface and

m i a — d o ~ th  w a t e r s  did no t appe ar to be a f f e c t e d  by the disposal ,
:lthougb bottom water concentrations increased from 0.31 mg

N / i  b o t u x o  d i s p os al  to as hi gh as 1 . 9 9  mg N / i  after the ::u~’—

lace turbid plume passed the sampling site. As expocted ,

PLspos al api ai t’fltly had no effect on nitrate concentrations.

i’hcs~~ho ru s  compound s .  Table  27  n presents the

s o l ub l e  o r t h o p ha s ph a t e  d a t a  i c r  ( Salves ton  Pump N o .  3. The

greatest in c re a s e  ( 5 3 — f o l d )  in t he  s o l u b le  or thc ’  P concen—

r at  ior :s  o c c u r re d  at  the  ‘~ in L4ep t h .  In l ess t h a i ;  t h r e e

m i n u t e s  so] u b i s ’ o i ’ th o  P r e tu r n e d  to t h e  c o n c e n tr a t i o n s
p r e s e n t  30 m i n u t e s  b e f o r e  5 t i s p o s a l .  There  appeal ’s to  be an
I u v e r so  x e  ] a r i c x ;sh i p  b e t w e e n  s o l u b l e  or t h o ph o sp h a t  e c c nc en tr a —

io n s  aol l i~’h t  t r an s m iss i o n . The d a t a  seem t o  in d i c a  t o  t h a t
so l ut  t o  c i t  ho P was  r e l~ ’a~~ed as t I~ t-’ t u rb i d  p lume  of  : r c d g e d

r . t t e x i  t i  p a s . : o d ,  .iltliough sui’t.ice coucentrathns ot solub lo

~:‘thopi: r Iat r o ~~~~ n o t  . tp ; 5 c o ’  t o  c h a ng e  tu r in g this disposal

L 5p ’. r a~ ic;. ih’wcver , no s ;rlace wator sample wa s  t a k e n  j u s t
I L . :  3I~ 

, w h i ch  1 ; .  who : :  t he  tw’b~~P i t v  p a t t e r n  w o u l d

xo~ vo i : ; U i L ’ . t t  ~~ 1:: iI ;c i ’ , a5o in solublo o r t ho  P con~~’e nt  r a t  i on :; .

wore  sU c h  in I :n x ’o . l s e  to occur .
Tb couce U 1 1 . 1  t i c r :  p a t  t e r n  o I sd uh i c ort ho p h osph a t e

n e t  r’ t h e  t o ’  . ‘rn J u r ’ i n t ~ P t  ] V”~ t on Dump No . 3 is :io t cl ea r  be—
CaLi:,0 o~ t h e  Ha:;i t e 5i n u m n b e m ’  o t  s amp l e s  coliectcd . C c n c e n t i a —

~o rts  t p ~ t , t: ’c~ t to r i s c  Put ’i ng the  r n o r : i t o : ;ng  ~~C I ’~~~Os ..  1 l c W c \ s ’l~ ,

a m o o  P o t  1 cm . .. m j ]  ing  C O d  sod x ; i  no m in u t e s  : ~ or t h e  P um p  , i t
i ; ,  nct roSS i t  it’ o b o :‘m I ne the  ext  c ut  or Pura  t ion ot  th  i a
if l c l ’C . t . c .

P I g l n i c  comi’ounds. Coro’ont  r a t  ons c t  sd ui ’ l o  TOP
i:t cc ’mpo :; i t  c sa m p l e s  col leo t ed  ho f ox ’o  , d u r i n g ,  and  a f t 5 x ’

78 .~~i s . 7  075 
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~aI’ ,’e st~a.~~~am: No. 3 were U .8 , 5.1 , and 5.0 mg/i , respec tively.

solahie 3, 5’ in th e third dump showed no significant

• a:: J r ;ge ~~t the 35 percent confidence leve l before , during, or

a t ’ ~ i ~~J 5 sd g e  of the surface turbid plume . The soluble oil
grease content of the composite samples was below the

I~~~~ eOt i o I ;  limit (0.5 mg / i ) .

~~n’.’ e s t o r ; Jurn~ N o .  U

The fourth dump that was monitored occurred at
,~, .,,. : 5 3  or ; :“ugust 2Y , 1975. The surface turbid plume arrived

a t  l i : 0 0  and : a ssea  the  sasnj ’lir.g boat at 13:02. The distance

~~~~~ w e e : .  the sampLing vessel and the dump site was approxi-

na teij,’ 30 meters . The surface currents were found to be ap-

I kno t (5 1 c m / s e c) .  Ap p r o x ima t e l y  1100 cubic

~‘ards of material dred ged between GBEC Buoys 1 and 3 were dis-

~ O~~e~ t of daring the dump .

j•tioal prcjerties . Figure 88 shows the distribution

tt-si’n of materi al for Galveston Dump No. 4. The data show

t:.~~t the suspended material was present at each depth monitored

(2 , o , an d  l-~ meters). The suspended mater ia l  took 2 . 7 5 , 3 . 2 5 ,
a:,J .1~~~ I 5  m i n u t e s  to  reach the  mo n i t o r i n g  locat ion at sur face ,
m~~, I - d e ot n , and bottom , respectively . As in Dump No. 3 , tur—

was, greatest near the  bottom , where turbid conditions

~:o r s i s t e d  l’or t en minutes. The Secchi depth was 2.5 meters

1 s t ; .  : ri o r  to  ,lisLosal and 37 minutes after Galveston Dump No. 4 .
‘]e m~’erature, dissolved oxygen, salinity and pH.

I’~~~le 2 7 1  :•r e sen t s  D . O . ,  salinity (specific conductance), and
pi: s5-~~t5 for  P a l v e st on  Dump No.  4 .  Figure 89 shows that  j u s t

alior the t u r b i d  plume arrived , there was a drop of 1.7 mg/i

in the P.O. concentration. The D.O. returned to pre-disposal

levels ten minutes after the dump occurred. Table 271 shows

that there was no significant change either in pH values or

salinit ’,’ during the disposal operations .
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Table 274

Soluble Orthophosphate Con cen t r 5 i t Loss :  Palvestoit

Dump No. 4 near Buoy I), Dred ged ~i5itei’ i a1s I roIt’L

Palveston Bay Entrance Channel buoy s  1 t h i ’ ou~ ,h 3

(Au 1~ust 2 3 , 197 5 )

Time of Depth Colul ’lt’
Collect ion ( mit ) ~~m ’ t J t o p I t o : .;p P m a t e
(h r : in in :  see) ( t t i 1 ’, P/h. )

1 2 : 5 4 : 0 0  it t  0.~;47

12 : 58 — t’ lumn l ’ ocs ’ul’r’Cd

12 :59:30 114 ~0.01

1 3 : 0 0  — Sut’t ,t ct: tui’Lt id p lume  ,, i t t ~iv ,,’~i at
S~u m : 1 ’ 1 1 m t 1~ l~’L ’ , L t  i ’ S

1 3 : 0 0 : 3 0  1 LI . 2 5 0

1 3 : 0 1 : 3 0  5 ~ 0 . 0 1

13 : 02 — Cur  IdOL’ t ui’b Id p lume pas t ed
sainpi l I l t ’, toCa t 10 1 1 .

13 :0 2 :30  1
1 3 : 0 3 : 0 0  11 0 . 1 1 1 5

1 3 : 0 3 : 3 0  5 ‘ - 0 . 0 1
13 : 0 3 : 50  lii 0 . .’ b L e

13 : 04 : 15  11 0 . 0 1 7

1 3 : 0 4 :, I0 1 0.1St’

1 3 : 05 : 3 0  11 u. 201
13 :0 6 : 0 0  lIt 0 . 01 0

13 : O t l : 0 0  1. ‘- 5 . 3 ,1

1 3 : 0 7 : 1 5  1 , 0 . 0 13

13:09:45 14 ‘~0.01

13:11:30 S ~ 0 . 0 i

13: 12 :15 1 ‘-0.t)1

C on c entr a t  Lou based ~‘i i  O i l s ’ ,tna lv:: 1 : 1  oI O i l s ’ t t ~i iup 1s’



t ’ ’d uc ’ t ion  In l i o l t I  I i ’ .i : : ’tt;in ’Sjo tt at:P t lts’ ~‘r ’ e t t’’st z ’ e l s ’ , t , :s ’ ol

s o l u bl e  ou ’tho P occur red i i i  t I ~~~~~Si , 1 ,r ’ t . I O C  W . P . ’ i : ’ . ‘ f l i t ’  samp N ’

t . t k o r ;  at  14 n at 12:51 1 a lso ::?a , : w t ’ c l  .~~ h i r h ” r  ( ‘ O t t ( ’ e f l t t ’ a t l O t ,

( Q . s:.7 m g  P / i )  of s o l u b l e  or I l ;s” I’ . T h i s  v5’u l i i , ” co u l d  t 5 ~ r ’e—
l a t e d  t o  r e s i du , .t 1 ef t  C o t s  I t i n :  1 ’ ” ,n i O ~t : ,: :I t in t ; , s.  ft ‘s” ’’s’i ’ t ’ , t he
con c e n t r a t i o n  cou ld  be . t  .j p u t ’ i ou s  p 0 1 1 4 1  , a s 1 1  w,~ : ,: I our id
pr ior to the  dump and mo st  l ’ , i : :e i i n e  c :”n c e n t i ’  i t  ii .’:::: f o u n d
were not t h a t  e ru ’ ,u t i c .

Organic co mp o u n d s .  S o l u b l e  TOO ( ‘ o T l C t ” f l t i ” t t  i n n S  in

cornrosite samples f’t’om t h e  f o:,t r th  dump wer e  U . 2 , 23 ,an d  9 .8

mg/i , respectively (f’e~ ore , dur  i r : g ,  . . i t t . I  at  I er t I : . ’ t u r b i d
p l u m e  passage ) . Tot  ..il orga :;  I c  ‘arhon 1:1 oc inpos  I . N ’s 01 s amples
t a k e n  bet  ore , d u r i n g , and  a I t e m ”  p a s sage  0 1  t he  ntj r ’f ,ice t u r b i d
p i u n : e  were  2 5 . 8 , 3 5 . 4 , a n d  38 . 3 , r ’especti \ ’el \ ’ . Th~ oi l  and
grease  a n d  s o l u b l e  o i l  and grease  c o n t e n t  for  t h e s e  compos i te  r
s a mp i e ’c was < 0 . 5  m g / i .

Galveston Dump No. 5

The last dump monitored ne .ii’ Buoy P on A u g u s t  29 ,
1975 , occurred at 14:27. Tb ’ surface t u r b i d  p l u m e  a r r ived

at 14:28 and passed at  14:29. The sampling boa t was approxi-

mately 80 meters from the dump site. The dredge passed be-

tween the sampling boat and the buoy , disp osing of 1115

cubic yards of the material dredged between Buoys 1 and 3.

The p re -d i sposa l  cu r ren t s  tsP o ther  c o n d i t i o n s  were i d en t i c a l
to those for Dump No .  4 .

Optical properties. Figure  Sn dep i c t s  the

turbidi ty data for Galveston Dump No. 5. Percent ti’ansnhis-

sion was monitored at 2 m e t e r s  (surface), 5 meters (middle),

and  14 meters (bottom). The suspended material I o k  on ’.’
minute (surface), 4 minu tes (middle),and t ) , 5  mi nute : ;  (b o t t o m )
to reach the sampling vessel. Again , the  b o t t o m  d e p t h  showed
the greatest turbidity. However , u n l i k e  b o t t o m  p lumes  ob-
served in Galveston Dumps No. 3 a n d  4, the bot t om plume in

629
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N I ; : ;  , : 1 ~~’:, , 1 f  I ” .~~
’ 5 1 t  10 11 ~I~’vL ’i~ ’ leL I  ~u 1’ t e r ’ the sun ace am id

l t t r : ’ .’s .  f : i , t d .  I i :  i n : : , t h e  t u r b i d i ty  mea sured  at 14
a I”~

’
~~” 

I t s -P i’~~r ov e r  one l n ’ ; i : ’ . ‘l’he s u r f a c e  samples
: 1 : , , n e  d tii ’ .’ sat , , , ’ t ’’pe ot  t u t ’~’i d i tv  p a t t e r n  obse i ’v ed  d u r i ng

I t o  , ‘ i ” .’ v  ‘:1: ; P.. s5csal 0~ ’Cl ’ ,i t i e S  •

::so lved oxy g en .  : i r ’, uL ’c S I p r e s e n t s  the p lo t  o
I ;e : c ,~ ~~, :: s ’,:; : . 0 . t a i-~ C n a t  f r e t  e r’ :: . ‘l’lre t i gure shows

I V t’ : :o t ;c t e : :  ~i tei’ tue dut::p occurred , the P . O .  con—
COS t 5.: L ’ :, ~ , :cc:’e , m s ed 1. ~ :a~, / I. Cev’.’r ’aI m i n u t e s  la ter

~‘. .~~~~ ; t ’ .’ : ’  0 0 ,  Y ’ : t S : ,  n, 1’ . 0. wa :  Se e n.  1’ n i j k~ p r e v ious  dumps ,

‘.5’.’ 10 n a:; t o ’ !  .t  :ot .a :: N’ l i t ’ i n i t i a l  L’onL ’eflt l ’at  ions  w i t h i n
I t ,’ : ,  :11: : : .N : 0! ~:i : .p o saP  . ca’ ccncemltr’a t ions did n o t  stay at

o t i ~ ’ 1ev ’.’ 1 50 1 1 ;a’ t ;:a t e l  si 1, ~‘, 5 t 1 v h t~ ow t h e  pi’e  —disposal

:‘. ‘ a V ’5’ ::,t , ’ t a Is . ‘ i’ , ih  I’.’ .‘71’ I’ l’ t’ 50 11  t 5 wa tel ’ column
‘ t ’ .’ t vv  : : ‘ . ‘ a s or- P a l v es  ten Pump No. 5

21: .s 01~~’~ . . . t i  c , 
- ,‘n’.’d 110 hi:; C::’.’ t’ \ ’ ab o u t  I . 5 h o ur s .  Due

N’ tnt’ I.e’ o t  :: c..I C t ’  o: s~a:o’ls’s a m t a l v ~~ed , a w e l l — d e f i n e d
t i c  c :  : ‘ ‘. ‘ t t , ’ . t : , O  ,

~::,l S o : ’ t ’t  ~o: w a s  ~ S S i b Ie .  ~here was an
cc ::.t:. ~’,aI.s ’ :e 5’.’ ~ s ’ , t a s ’ ( ab o u t  00 ~g / 1)  in the bo t tom

i. ::. ) sat::p e - I in ’  i t  cc I I C O S  I t ’ , i t  ;omt s I ~ uc t  ua ted  d u r i n g  the
S . C . , .  H n o , t’ s ’ I  h o  • 1~’ I t a :;e\’ e t ’ , t I  sa m p l e s  showing  va lues  above
;“ i’ e— ’.i sp c st l  ev ’.’ls .  i’I a ’x’e was  no i nd i c a t i o n  of re lease  ci’

I i, ‘i .  o t  t 1:’.’ o t 1 i t ~m’ 1:0 t a  i s .

~. i t  l og e :; L’ s ’ : : ;po r i l :d : ;  . The amin omi iutn , organic  N , and
: i i  t ra t o  P.m ta 1 or’ f l it ’ I ii t h t  d i sposal  o p e r a t i o n  are p r e s e n t e d

.~~ ~,t , ’ .’ •
‘ .

‘
~~~ . l o t ’  I hi ese  am id  : ; ;mb s ’ .’s i u eu i t  s t u d i e s  , the Pe-

e .  I l o t ,  i :: . i t  01’ . tt t : t : : o t :  ium was adjusted to <0 . 05 mg N i l .  The

~ir::l::o t iom ~:: c o t a ’ e i :  t r at  lou i s  in t i m e  hot  t ent water s and the nitrate
c c m r c e : m t  cat  ions  a t  al l  t h m ’ e e  d e p t h s  are plotted in Figures 92
.t i : d  5 3 .  P ie :: ’.’ f igur e s  i n d i cat e  t h a t  dredged sediment
P 1 ~p’osa1 h a P  1 :; i~ ’, t’m i t ’i c a nt  i n flu en c e  on the  bottom w a t e r s

W i m s ’ro v ery  s i t u p  I l r tc t ua t i on s  in the amnionium concentrations
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Table 276

Nitrogen Compound Data: Galveston Dump No. 5 near Buoy D

Dredged Materials from Gal ‘eston Bay Entrance

Channel Buoys 1 through 3

(August 29 , 1975)
(mg N/i)

Time of Depth Organic N Ammonium~ Nitrate
Collection ( )
(hr:rnin:sec ) m

14:26:30 2 0.3’4 <0.05 —

14:27:00 - Dum p occurred.
14:27:00 8 0.25 <0.05 -

14:28 :00 - Surface turbid plume arrived at
sampling location .

14:28:00 16 0.36 <0.05 0.05

14:28:30 2 0.40 (0.05 0.06

14:29:00 - Surface turbid plume passed
sampling location.

14 : 2 9 : 3 0  2 - <0 .05 - P

1’4:2J:45 16 — <0.05 —

14 : 2 9 : 4 5  8 — <0.05 0.09

14:30:45 2 0.27 <0.06 0.08

14 :31:15 16 0 . 2 7  < 0 . 0 5  0 0 8

14:31:30 8 0.31 <0.05 —

14:32:00 16 — <0.05 0.22

14:32:30 8 0.38 <0.05 0.09

14 : 3 2 : 4 5  16 2 . 6 7  < 0 . 0 5  < 0 . 0 4

14 : 3 3 : 0 0  2 0.42 <0.05 0.09

1U :33:30 16 1.25 0.11 0.10

14:33:45 16 2.,~2 0.16 0.04

14:34:30 16 - <0.05 <0.04

14:34:45 2 — <0.05 —
14 :35:1F~ 16 — <0.05 <0.34

14:35:.~0 16 0.87 <0.05 —

(Continued)

636

— .,wr Io-* ‘. -‘ ‘ _ . .  - -  ‘-‘- .. . ‘



1. t I I -
‘ .

‘ it ( ‘
- ‘t  t I i n  I1e~ I

• i t:: ’.- l ’ t ’~~’ tim ‘ i ’ ’ , . i l t  to N .‘\ i : : t ; : ~~’t :  1 u t : :~ N i t  u ’ i t  e
L s ’ t 104 ’ 1 : , : I. it

: i : i i : : : : - , ’ ,.

I ’ ’ I t ’  1 . 0 ;’ — ; l . 1 1 1 ’

i t  — 0 . O t ;  0 . 1 . ’

: , : , ~~t ’ : ~~~ ;’ .‘ — - m l .0l’ —

I ‘ : . 
‘ : So I :‘ . — o . ii; , 5 — 7 I,

0 : 0 0  :~ ., S . Sb . t

I 

i 

— 

I

I : 00 .
‘ — - , i Sb  —

i i  : :0 ) 1: ’ i~ . ‘ 
‘ -~S . 0!’ 0 . I

—

S : _~ S 0 — — S • i l ’  —

Pt : ‘ S : “ ;‘ L;’ 0 - ‘ - S . ~
‘ . S

S —
‘ — o —

1’ : I it S — — S . S

I : , 1’ : c ,  I t ’  . ‘ I  ,‘ — S . 1 ;, ‘ . i i ’ .

it : .~ S ,‘ — -. S . S : S . i 1
i : 1 1’ 1 

~~ . so _ 1 ~~~

- , : : ‘~ it I: -~ . ;) , .~~ ) • 5: ’  . I

I ‘ I :‘ : .‘ — — . ,‘ : ‘ —

: 1 , ‘ : S ~
) t — . ; ) I’ —

L -  :!‘ L ! :  I: ’ i i ’  5 . , ’ , ’ 
~~~~~~~~~~~~~~ S .~ ‘I

L i  ::  :‘c’ .‘ — ‘- 0 . 5 ; ’  —

I : ,  ,‘ 5 t  ‘ ;).O!’ 0 . 1 !

l’c : : ‘b :St ~ Is ’  —

I!’ : 1 _ i : S Li .
‘ — , t i . i i : ’  —

I I ’ : •‘l : 1: ’ — ‘ i i  . S it —

I : : t ) .’ : i t ’ I i ’  5 . 1 1  — 5 . 5 : ’  5 _ 5 1

_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~--~



- ..,. .. .. . .‘... ..- • .. - • . .. ,. .. ., . ,. ,. ,

‘i’ a l ’  It - ‘7i ~ ( l o I n ’  1 mm , It ’,I)

Si me o I~’.’ i’ t i m  P t  ‘
~~~

, i i i  i c N : \ t l t i t t 4  i i  I ; : i :5 ’ N i I t ’ . t e
I’

~~’ I P’ I i~~’ i i  ( I n )
( l i t ’  : m iii : t n ’

I t ’ : .15 : SO .
‘ — - 0 . 5 ! ’  —

l t ~ : .1 1 : 0 1 1  0 — — I )  — 0!’ —

I I ’ : 1 1  : l t : ,  I i  ii . .‘ ‘ /  —0 . 0!’ 5. it Il

10 : 1 1 , : , : ,  _ ‘ 0 . 1 , 1  ‘— t ) .0!’ —

1, 1- :  I] :  15 11 [i _ Il S .1) — 1) ! ’  11 . I i

1 0 : 5 0  i i ’  0 ’l’s — i i . 01’ Li .

I :’; - 5 : 1 3 0 .
‘ — ‘— S . Il ls

1!’ : .‘~~~~~: 15 tI — ‘— S  — t i !’ —

— ‘, 1 1 . 1!! ,

I t ~: .
‘ S : 0 .‘ — ‘- ~) 

. ( i t  —

If ’ : — ‘ S : .~0 S — 0 . i l l ’  —

: .~‘ i1 : l b  It’ — — 0 . SI>  —

St ’  : —‘ I .
‘ — S — 1] 1’ —

LI ’ : ,,‘ / : :, t ,  5 — ‘- 0 .  I’ll’ —

:‘; : , l  thh~ u~d :~~t i ‘. ‘ , i u e n t d~~ ;l’o saI  s~~T i~~i’t ’ CTT~~~ a t t - tivtioa l
do t , ’ ’  I l o u t  1 j u t  it I o t ’  a t i u m ’ . s u t  l u f f i  W e : ;  ad us I oP t o  1) . 0!’ uttg N / .1 -

‘r I as  I hot’ ‘.~ j :  s I t : ;  L o l l  • it ’.’’.’ I hi  l’ t .  1 1

— ) i i : ,  I i  4 ’a 1 0:: i t o  a t u m  I y t :  1:1  i t i ad ’.’

. t l ’ t ’ : : t ’ e I i . A n i t t i o t i  i urn c o u i s ” .’t i t cat ~ 0fl t1  i n  the ittti’I , i s ” .’ an ’.l 111 1

‘.Ie p t 1’> w i t ’ .’ u’s r e mai n e d  be I ow t he ‘— 0 - OS m> ’, N / I ~ie I es I I O i l  I j u t i l I

Ni  t p at e  ~‘ou t c en t r at i o n s  in  i t t,i i ’ t  , i ’ .’ t ’ au ’] utt j
~ I ” ~ l ’ .’~’t ii

we t o t ’  •t I a o  I tm4 ’t ’ea : t ’ .’d lit tie as a result ,,)f ~
_ l i spo : :u l  - L ’t ”i is ’ t ’l’l —

t cat .t oit :~ i i i  t h e  bet tent water i u tou ’ew ;ed  : :t’ tau ’Ini  \‘ 1 .i v ’  m u  u t t i t  o t t

a t  t o t ’  t he  d u m p  l ’ mt  t ‘.I ’.’e u ’ea :a ’ st i mniedia I o I v  - ‘I’hov no t m u u ’n o d  I’.’ t h e

it~~’~ ’ita I level a U ten about 35 m i n u t e : ;  —

D i : ;  iso~
;
~t 1 a i ’ i ’ i t ’ t ’ l l  1 .1 V li~id 110’ 0 1 1 0’.’ 1 ~“ u i  ‘.“t’ 1’,ati H’ ii i rogon

a t  : ; i t i ’ t , i s ’ t ’ and i i i  i’ .I—dopth wet eu’s . U’.’~ t’v._ ’i’ , ot’~’ , i i i  H’ N s ’ o u i , ’ t ’ i t t  t’~ l —

I i ‘. ‘ t i : .  in  the be I t e rn  wa t o t ’ :; i l1s ’ l ’ t ’ l i t ’ s I  :1 t t , i u ’ j ~ I v  ( I  0 •
‘ . t~ ’1 tug N /i

63 ii

______________________________________



036  -

0.32 -

024  - -

U-
E 0 2 0  - -

0 1 6 -

4 j ALL C O N C E  RAT IO NS L E S S  THAN
0 12 — 003 m g  N/ I AR( PL OT T ED AS 003 -

0.08 - -

— • . ..—.- --—.------.
004 -

0 I I I I
14 25ff 35 45 55 150 5 IS 25 35

+ILPLUME P4SSID
J 1PLUM( 48i91V1’D T I M E  t h r i m i n )

DUMP

F i g u r e 92
Amm on lu in Concentrations in Bottom Waters , Galveston

Dump No. S near Buoy D , August 29 , 1975

639

_~~~~~~~~~~~~~~~~ .. . T:H’~~ .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~T _ ~~~~~~~~~~~ -~~~_ - , .



..____. ._..,,.,_,_._,._,....,,___..,... .._ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

071

• I
.LL Aem,,.,.

0,4 mSII,I

024  -

14 25 f~ 30 35 40 4~ 50 55 15 00 05 10 IS 20
PLUAIEPASS(O

LPLUME AARIVE D TIN E ( h r :m l n )
DUMP

Figure 93

Nitrate Co ncentrations : Galveston Dump No. 5
near Buo y D , August 29 , ~975

6’40 

‘—-— -N , . 4~~~~~~ ~~~0~~~~~~~~~~.



t o u t ’  i n j u l u l o t t  4 u 1  t o t ’  the 
~

‘ L unue passed t h e  : ; ‘ . In i l ’  I ing s h i p - About

I o t t  m i nu t e s  a t  t ~.‘ i’  ‘.1 i sposa l  , the cen c eu l tr a t  ions  i i i  t I m > ’ I’ ’.’ t t urn

W, i t ’ .’ i ’ : t  ‘ .I~’c t ” .’ase,l  a little b u t  w e re  still lti~’,li ’ .-u’ than ii: th i ’ .’

i t . i t t t j ’  I ’ .’:; coil’.” .- t e d  pi’ioi’ t o  t he •mrriv’.U o I ’ the I u t - h i P j ’ t u I : L e .

I ’ It ’ .’:;j’li ’ .’i’ u:; COuiipL’ulids . ‘l’hte conc e i i t r ’at  louis o t  : ;o lu l ’  I t ’
0 1 ’ ( I i ’ . ’~~’ l i ’ . ’ ::~~’ I i ~ i t ’ .’ , u t ’ e  listed iii ‘laDle ‘7’,’. ‘ I ’h oi ’e we ;: i i ’ .’ i s l e t: :, ’

Ci :;‘. ‘ Itt!’ l e  ‘.‘i ’ t l m o  I’ a I ’ l ” . m l ’ e n t  il l  t ltt ’ sui’t ace wet’.-t’ s - At uuu i .’ .t

de i lli (a :0 ’ !” .’X j ane t o iy S itt ) , :1’.’ 1 ul  1’.’ or ’  t lie I’  ‘. “ .> I i ’ .’e I l !  5 ’ . t : 1::;

d’.’ : i l ’lt ’ i  , h u t  t h ey  1 0  t u t ’ i i ’ .” .I t o  an tI ’  i on  t I eve  Is wi  t hi i i i  10 nu i i i —

u I  ‘. ‘~~~~~ . ‘ l I t ’ . ’ :.; o L ; m l ’ I e  o r ’ t l i o  P c ’ .’ t i ’ .’ e u i t r ’ 4 t t i ’ . t : : :  ne ,um ’ the hot tot :t

o l  1 ‘.~t ’.’.~, I a :~‘.‘t: ’ .’n:m i t i i’t” .’~’, u1ai’ pat  t ’ .’r’n , : ; h t o w i u i g  t 1’.” .’ i t L i X  t i l t i .

L ’ .’t : ’ .’ ’.’ t t t t J L I on : ’, wer e  j u : : t  s i  i ,~l x t  lv above a m b i e n t  a n l  I h, ’ ; i  i n —

‘.‘u” .’,u :;ed L’— 1 ’ . ’ l J .  1’IaI 1’] I ’eL ” .’\.” .’s’y  t o  i:::i’i’.’iit W u : : t o l  ~‘weJ l v

a 0 . 5  1 ulsi i u l c t ’e , i : ; e  a ::’.! ti:o t hi ’ .’ u’ u ” .’co~~’.’s ’y to  a i n b i ’ .’ i t t a t ’ , ’::! T O

t n t  i :~: t ’ .’ :; 1~mt t ’t’ -

Pi’~~, t t i i  0 Cs ’lt ij ’ s ’u n ’.i: - in t Ito I i t t h  P a t t i ’  • s’.’l uI ’I 0

00 t t O C  It  I t ’ . tt . 01;:: w ’.’ no 1 l~ - • . 3 , and I S - S :~i~~ / 1 1” .’ 1 er’e , p in ’  u n ’, ,
,t::.I ii t ot ’ t h e  I’ _ i : .;:;a~’,e SI Lii ’ .’ turbid j’luttie , i’ ’.’;II’ t ’s ’t i v’ .’ H’. ‘l’hue

c’.’i: ’.” ..’ t i t  r a t  , ‘l :: ‘.1 1  ‘I’ PC in the iii t it dwtiI’ we re 10.8 , 3 . t , and

j t ’ . ’ 1 :1, ’ ,” 1 l ” .’ i t i t’ .’ ’.’ t  iv ’.’l\’ . 5’.’ I able oil axi~I ~‘, t” .’,u:;o t~” .’ t ’ t ’ t ’e lo t~
t I m ’ .’ ‘.1’. ’ 1’. ’ ’. ’ I l ou  .1 j mi t 01 0 — S t t ~~ ’, ,

’ 1.

a 1 v’.- :; I o t t  , t t : t :  N ’. ’ — S

i’. tie x t ‘.11:; ‘0;; a 1 of”.’ ‘a t j o t :  it t ’.’ ut i 1 ui ’ .’ LI I ‘.‘ok i ~u c, a

S I) ‘ a  Sep t  ‘.‘nt i ’e  S , 10 71’ - ‘i bis ’ : : t i t i  i L ” .’ t u r b i d  p1 unt o a rt ’  iv ’.”]

a!  I , ’: 0~ u t : , l  1 ” .t:t;t ’.’~ i dt  13 0u 1 . ~hit en i t .l Pi’> ” .I> ’,e’.l I i-on: the

~ 1iu ’.’\’it S I : i ’ s ’ I i i ’ l i  “A ) we:; d t : t n j ” . ’d u t e a r ’  Li;io\’ P at .12 : l~It -

i i ’ .  we ‘.- t ’  ‘..‘o l stun; ‘.le i ’tht Wa:: l b  tile t o t ’s .  The s ’.int l’  I ii h , boa t we ::

I” .’:: i L i ‘.‘t tod  ‘ . t j ’  ‘ i” .’x lute I e 1 v ‘t I t) nit~ tot’s t rot :: t I to  d u m p  it i ‘.‘ - A i ’l’t ’ox —

i I e I y I t’ L I I )  ‘.-u l  ic yards  e I m e t  e l’id 1 w’.’i’c dumu uped . ‘i ’ h’.’ it

I , t ’ . ’ t . ‘.‘; c’t” .’tt t \~‘ait 0 . 3  k n o t s  (11’ em / t o o )  -

Pj t L i  I j1roj’ei’t 105 . I~igui ’e S i  : : l iow: ;  ti lt .’ I” .’ t ” .,e l i t

I r’emi :;t;; l : t :  L o u  s I u i ’  j l i t ’, ;,a i y o u  t o n  hu t 1 ’ No. I’ . Pei” .- emi t t i ” . i m i s —

i: i :;sj ’ .’tt \,‘ , i t  tti ’.t,i::ul ’esI i t  .~ ntel ’ .’u ’ :: ( t u r I n ’ ’.’ ) ,  S u k - t o t ’ : ; (t;t j 4 1411 ’ .’)

.t ut ’.I Lb ru e ! ‘ ‘ i ’ s  ( I ’ ’.’ t t on:) — ‘Th e pi’e:;t’tit.’e ‘.~ 1 :;Usi’’.’m: ’.Ie’ .I di ’’.’’.l~’, ’.’~I

1’ 41

L ‘ 
-~~~~~~~ -~~~~~~~~~~ 

- - .

~~~~~~~ 

“ .--- . --



- . . . . . .-

‘I’ able .‘77

So l u b le  Ot ’thoph osph at e  Comtceui tx ’e t ions: Calves  t on

h ump No. - 5 ut ea t ’  Bu ’.’v P, Dred~ eJ M at e r ia l s  f ron t

Calves toi’t bay Lnt;’euice Channel
Bu oy ; ;  I th i i ’ou~ h 3
(Au , ’ u:; t .‘0  , 1875)

ii 1’irne ot Pep L i t  Soluble
Col lectiot) ( itt ) Orthophosphate
(h r  : mit ; : see)  (ing P / i )

14:20 :31) -
‘ 

~O . O 1

14:27 — Dump cc’.- u t - i ” .’d .

14:27:00 S ~0 .O1

14 : 28 — Stint a ct.- t t iu ’l ’id  plume arrived
a I it ant i’ Ii ng b c  at iou;.

14a25 :O0 i t’  0.018 V

<0.01

14 : 28 — Sun ace I u n b i d  p lume passed
s tmpI  i n~ , Loc~t t  i o n .

.L t u:29:4S 8 <0.01

1 4 :3 0 : 3 0  18 SI0714

l :i :30:45 2 ‘-0.01

14 :31:15 lit ‘~0.01

114:31: 30 8 <0 .01

14:32:00 L uS  ~O .Ol

8 0.012

114 :32:45 16 ~0.01

14:33:00 2 ‘-0.01

14:33:30 113 0.010

t 
14:33:45 lo 0.010

1 4:3 4 :3 0  I ’S  “- 0 _ S i

1 4: 35 : 15  L b ‘~0.0l

14:35 :30 10 0.018

14:36:15 10 0.014

( C o u u t i u ; u ’ .’d)
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Table 2 7 7  (Conc luded)

Time of Depth Soluble
Collec t ion (m ) Orthophosphate
(hr :min:sec) (mg P/i)

14:36:30 16 <0.01

1’.> :37:00 16 0.128

14:37:30 8 0.020

14:37:45 16 <0.01

14:39:45 8 0.015

14:~40:20 16 0.018

14:42:00 16 0.038

14:43:45 16 <0.01

14:45:45 16 <0.01

14:46:30 2 <0.01

14:47:15 8 0.013

14:47:45 16 0.056

14:50:15 16 0.017

14:53:15 16 0.018

15 :02:15 16 <0.01

15:11:45 16 0.017

15:16:45 2 0.011

15:17:30 8 0.011
15:18:30 16 0.011

Concentrations based on one analysis of one sample.

material at the surface, middle , and bottom depths was first

observed within 11.57 minutes , 8.08 minutes , and 5.67 min-

utes, respectively , of the dump . The region of most in-

tense turbidity was again the bottom , although this time at

mid-depth the plume was of relatively long duration , some

13 minutes.
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Diss~~1ved oxygen - Dissolved oxygen conL’’.-nt ;’,i t i ’.’mis
for Dump No. t are ~‘r’es~ m ;t ed in Figure 5!’ - ‘The P - 2. r ea d -
ing w a s  t. ’. tkeu :  at  a de~’tn  o~ 15 meter’s - There was 1 P ec r - ’.” . i se

of app r ’ox i : : : at e lv  1). ~ tug / I j u s t  a f t e r  the s u r f a c e  tu~~~j’.i p iut :te

an i - Iv e d  at t h e  ;;‘.uu~’ 1iut ~’, ho’.i t - ‘l’he D . C .  com;centrat ion re —

t u r n e d  to  a level  ot  0.1 ta-Il below t h e  p r o — d i s p o s a l  cot;c ’.’n—
t ra t~~o:; w i t h i n  t o : :  m i n u te s  of the  dump .

Heavy m et a l s .  R e s u l t s  of a n a l y s i s  fo r  h e avy  m et a l s
are ~‘r’e:;ented in Tabbe  2 7 9 .  There were no changes in ranges

of chr ’om iut : ’, ,  arsenic, b ead , copp er , and :inc cou:centi’a—

tions ounLi at the 1, 9 , or’ 15 meter dep t h d u n n > ’, or’ at t o t ’  the

passage of the turbid plume . Further exantiujat lot: SI the co t ;—
centratiot; ranges see:: ~~~ nickel dud t ::angan ese show t hat
there  was  an increase in t h e  levels c: t h es e  m e t a l s  seen

a f t e r  t he p l ume  passed  f r o n t  t h o s e  seem ; be fo re  ~mt: d  during the

passage of t h e  p lume . C a d m i u m  c o n c e x t t r ” .i t ion s  showed t u e

sante pattern of a pp a r e n t  r e le as e  a f t e r’  the passage of the

p l ume . I ’t er ’cur ’v i ncr eased d u r i n g  the  passage  of the  p lume
(0.UJtl ~ gi’i at 1 in and 0.1)10 u gh at S in). These values

wet- c Peel in ing  at the end ci t he  sampling period.

Nitrogen compounds. Ammonium data presented in
Table 2 ’  S show t h a t  ammonium e o t i c e u;t r a t i o i ;s  for all samples

proce ssed from Dump N o .  ‘S were b e low  t h e  d e tec t i o n  l i m i t  of

0.05 mg N/i.

Phosphorus compounds - Con c e n t ra t i on s  of  soluble
or’ thop l tos p h ate  a re presented in ‘i’ahle . T ’ S O .  Soluble er -th e I’
concent ra t ions  appeared to increase at al l  th ree  dep ths , hut

the increases did not appea r ’ to he as gr eat  as t h o s e  I ound

during the previous disposal opera t ions  tic ar Buoy P .  Ambient
soluble or ’Lh o  P c o n c e n t r a t i o n s  ii i  the  s u r f a c e  water ’  were
between < 0 . 0 1  ru g P/1 (d e t e c t i o n  l i n u i t )  and 0.012 tug I’l l.

During the passage of the surface turbid plume , the concen-

trations did not rise above this  l e v el .  The sample taken 11
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Table 27 9

Ammonium Concentrations: Galveston Dump No. 6

near Buoy D, Dredged Materials from
Galves ton  Bay Entrance Channel

Buoys 3 through 7A
(September 9 , 1975)

Time of Depth Ammonium
Collection (m) (mg N/i)
(hr :min : sec)

11:41:00 1 <0.05

11:42:00 9 <0 _ 05

11:42:30 15 <0.05

12:38:30 1 <0.05

12:39:00 9 —

12:39:30 15 <0.05

12:50 - Dump occurred.

12 :50:15 1 <0.05

1 2 : 5 0 : 3 0 9 -

12:50:45 15 <0.05

12:55:45 15 <0.05

12:59:50 9 <0.05

13:00:15 15 <0.05

13:00:30 1 <0.05

13:00:45 9 <0.05

13:01:15 15 <0.05

13:02 - Surface turbid plume arrived at
sampling location .

1 3 : 0 2 : 0 0  1 < 0 . 0 5

1 3 : 0 2 : 1 5  9 < 0 . 0 5

13:02:45 1 <0.05

1 3 : 0 3 : 3 0  1 < 0 . 0 5

1 3 : 0 3 : 4 5  9 < 0 . 0 5
13:04:00 15 <0.05

(Continued )
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‘1’ L rn) ’ L’S t D e i”  t h Ainmon i urn
41, L” ,L l ect  ion (m) (rn~ N / i)
(h i ’ :  m i i i : St ’C )

1 3 : 0 ~4 : 30 1 41] - 5

13 :05:15 9

,L3 :0b: 5b 1 ‘- 0 . 0 5

1-1,:01,:b0 15 ‘- 0 . 0 5
13:03 :10 9 -~0 .0b

13:10:00 0

‘4 1,’ :1 , 3:15 1 -‘.0.05
I 1 i : 1 3 : Li. b 9 -,(J _j)~

)

1.3 :  13 : > + 5  15 ‘- 0 . 0 5
1 3 : lb : 0 0  I ‘- 0 . 0 5
1.~: 15 :, ’0 0 ‘- 0 . 0 5
13 : 1 5 : 3 5  U’ —. 0 . 0 5

C’ 13:.~1:15 15 ‘-0.05

13 :30:30 I ‘-0.05

1 , 3 : 3 1 : 0 4 11 ‘- 0 . 0 5

F 13 :31 :35 Lb ‘-0.05

~ L3 :40 :i)0 ‘-0.05

- 
13 : ttO :35 lb 

- 

‘-0.05

1’~:10:15 ‘-0.05

I 1, 1~~ lh ~~~0 3 ‘-411 .05

L’t : Li’ : 15 ‘-0.55
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Table 280

Soluble Orthophosphate Concentrations: Galveston

Dump No. 6 near Buoy D, Dredged Materials from

Galveston Bay Entrance Channel

Buoys 3 through 7A

(September 9, 1975)

SolubleTime of Depth
Collection Cm) Orthophosphate

(hr:min:sec ) (mg 
SD

11:41:00 1 <0.01

11:142:00 9 0.015 0

11:42:30 15 <0.01

1 2 : 3 8 : 3 0  1 0 . 0 1 2  0 . 0 0 1

1 2 : 3 9 : 0 0  9 0 . 0 1 8  0 . 0 0 1

1 2 : 3 9 : 3 0  15 0 . 0 1 3  0

12:50 - Dump occurred.

12:50:15 1 0.01 0.001

12:50:30 9 <0.01

12 :50:45 15 <0.01 “.0.003

1 2 : 5 5 : 4 5  15 < 0 . 0 1  “ 0 . 0 0 1

1 2 : 5 9 : 5 0  9 cO .01 “. 0

1 3 : 0 0 : 1 5  15 0 . 0 2 3  0

1 3 : 0 0 : 3 0  1 0 . 0 1 3  0 . 0 0 1

1 3 : 0 0 : 4 5  9 < 0 . 0 1  ‘
~~ 0

13:01:15 15 0.019 0.001

13 : 0 2  - Surface turbid plume arrived at
sampling location .

13:02:00 1 <0.01 0.001

13 : 0 2 : 1 5  9 0 . 0 1 2  0

1 3 : 0 2 : 4 5  1 0.011 0.002

1 3 : 0 3 : 3 0  1 < 0 . 0 1  0 . 0 0 1

1 3 : 0 3 : 4 5  9 < 0 . 0 1  “ 0 . 0 0 1

1 3 : 0 4  - Surface turbid plume passed
sampling location .

(Continued)
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Table 280 (Concluded)

Time of Depth Soluble
Collection Cm) Orthophosphate
(hr:min:sec) (mg P/i)

X SD

13:014:00 16 <0.01 “~0.001

13:04:30 1 <0.01 “0.001
13:05:15 9 <0.01 “-‘0

13:05:55 1 0.012 0

13:06:50 15 0.022 0.001

1 3 : 0 8 : 1 0  9 0 . 0 1 3  0 . 0 0 1

1 3 : 1 0 : 0 0  9 0 . 0 1 8  0 . 0 0 1

1 3 : 1 0 : 1 5  1 < 0 . 0 1  “‘0
1 3 : 1 3 : 4 5  9 0 . 0 2 2  0
1 3 : 1 3 : 4 5  15 0 . 0 2 4  0 . 0 0 2
13:15 :00  1 0 . 0 2 2  0
1 3 : 1 5 : 2 0  9 0 . 0 15  0 . 0 0 1
1 3 : 1 5 : 3 5  15 < 0 . 0 1  “0
1 3 : 2 1 : 1 5  15 0 . 0 2 0  0 . 0 0 1

1 3 : 3 0 : 3 0  1 0 . 0 1 4  0

1 3 : 3 1 : 0 0  9 0 . 0 1 8  0 . 0 0 1

1 3 : 3 1 : 3 5  15 0 . 0 2 3  0 . 0 0 1
1 3 : 4 0 : 0 0  9 < 0 . 0 1  ~~-‘ 0

1 3 : 4 0 : 3 5  15 0 . 0 2  0

14:16:15 1 0.016 0.001

14 : 1 6 : 3 0  9 < 0 . 0 1  “ .0 .0 0 1
114:16:45 15 0.011 0

Mean and standard deviations calculated from dup licate analyses
of one sample.
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I

The first set of Texas City samples was collected

on March 2 8 , 1975 , at sites designated as TCC-1 , 2 , and 3.

Their locations are shown in I’igur’e ¶ 1 5 .  The second set

of three sites (TCC-14 , 5 , and 6) was sampled Sep tember 20 ,
1975 ; the;;,’ t ; ‘H ; ‘ t i n ’  i l  5 : 4 ’  :~ h L ’S\s’ S I  ~ n t U ’ I I gure -

General Sediment Characteristics and Oxygen Demand

The ox ida t ion  r educ t i on  p o t e n t i al  (E h ) , s u l f i d e
concentration, and percen t dry weight were determined for sed-
iment samples from Texas City Sites 1, 2 , 4, 5 , and 6 .  The
data are presented in Table 281. The first two sites (TCC—l

and 2 )  showed a similarity in Eh (- 38 versus -20 my), sulfide
concentration (12 05 mg/kg versus 1251 mg/kg) and also dry
weight (53 percent versus 51 p e r c e n t) .  There was also a

general  s im i l a r i t y  b e t w e e n  the  samp les f rom TCC-4 , 5 , and 6
in Eh and percent  dry wei gh t .  The Eh readings were -100 ,

— 136 , and -1214 my , r e s p e c t i v e l y .  The per cent  dry wei ght

resu l t s  were 38 , 44,and 40 percent , r e s p e c t i v e l y .  However ,

the sulfide concentrations did not show the same trend; in

fact , the three readings were Lju i te  dissimilar : 2519 , 237 ,

and 1557 mg/kg for TCC-4 , 5 , and 6, respectively .

The oxygen demand tes t  was run wi th  sediment  from
all six Texas C i t y  s i tes  except  Si te  3. Tables A 2 4  and A2 5
of Appendix A present  the data  f rom the t e s t s  of S cc samples
of sediment  f rom TCC-i and T C C -2 .  The s tandard  dev ia t ions  be-
tween runs ranged from 0.1 to 0.5 mg/i , indicating fair repro-

ducibility . The oxygen uptake values (Table 2 81 ) in the first
hour for a cubic meter and one gram dry wei ght of TCC-l sedi-

2ment were 5.0 x 10 g 02 and 0.66 mg 02 ,  respectively . Simi-

lar uptakes were measured in the first hour for TCC-2 , 14 .8 x

io 2 g 02 for a cubic meter and 0.64 mg 0 , for one gram dry

weight of sediment.

The data from the oxygen demand tes t  of TCC-l and
TCC-2 sediment are plot ted in Fi gures 97 and 98 .  The
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was hi gher in the 25 percent anoxic/oxic elutriate than in the

20 percent anoxic/oxic elutriate Both of these turbidity

values were higher than they were in the 20 percent oxic

clutriate . ‘I’he specific conductance increased after 20 percent

elut riatiseit but decreased slightly after 25 percent elutri—

at ~ a l t .

‘I’he values for the TCC—~i , 5 , and 0 geitei’5i1 phy s ic~~1
and c t t c i :t i c 5 i l parameters measured are presented in ‘l’able :‘ss5 .

With t h e  exception of the lower D.0. in TCC—6 site water ,
tlt ~ ~‘,etiei’al characteristics were about the S dfllC in ~‘it.ch of t i t e

th ree Si t e  w at e r  samples .  The ‘( ‘00—6 sed iment  appear ed  to  h ave
C h i t ’ , ‘, t ’ i’at c st  oxy g e n  demand , j u d ging f rom both 5 and 20 l’t ’ i ’C c I lt

tests; the P.O. levels iii ‘I’ C C— ~i and 5 c l u t r i a t e s  were gr e at e r

t h a n  5,’eii cs, s i t t i ’ a t , ions in t h e  ‘100— 6 s,” ,Lutr ,i,5,ttes - Site 6 was located

ia’at’ ‘(‘CC C i t e  2 ; C ite 2 sediments had appeared I o i”x Cl’t t he

5 ’, l’ s,’,it s ,’:; t oXy ,s’,t’hl demand in the eai’lis,’i ’ set of Texas Cit y test :, -

~alues for othex’ 
,‘,ciiis i’al pdrameters nieasured

appea red f a i r l y  Loll :; is tent between sites. The pt1 dppe5 l l ’S  to

h i ve decr eased  s l ig ht l y  a f te r  elutriation 01 T C C_ i~ :, s ed i n ie n t : ;

( ‘ 1: 1 t p~~
, n i - it t  I y t ’cma i ned uni.’hang~’d a ¶ t C V s ’l i t t  n a  C l o s t  a s  TCC— 5

;; s , ’s .h i m e n t  s.  There di~i t e l  ~tppe ~i s ’  to  he a i ” o I t : ; j s t e i t l

‘ ‘ l t . ~~t s ’. s ” i n  ‘t n t ’ S  101 I v  W I t h  pi ’i ’ci ’n t  : ; s , ’d ,im e nt  S vsII Cit’5S Ws ’i” i” aho C i t

t h i s ,’ S t I l t s ’ I I t  t s , ’S I S  s ” f l  t h i s ” ;;,tme sediment - T C C — 0  ci u t s ’  1 , 1  t i ’ : S

h a l n e t  i 5 ’~’, i I ” l v  1, ’::I ; t ut ’S I d  I t v  than ~i i  d l i i i’ o t h er  e lu t i ’ i a t , ’;; -

I ; ,  -; “ W I  S IL ’  ‘ 5 -
’ ‘Ii: j 55  1 ’  ‘I t I I I  I I ’ ’ I ‘ii C 1 c i t .  11C’, ”~

5 III ¶ Sc o h ’ : ’ ’ I ‘v5

I [C Ci ’ S it , ills ’ I ‘ t l t C i ’ V sl l tli” ;  I s~ I~ I i t s , ’ t h i i ’e i ’ s e t  :5 0 5  s I  s I  t ’ i d I  i ’ : .

‘ th e ‘.‘, i l  t ic s l ot ’  t ¶t ,~ gi’itei’a 1 ph ’.’:: i c a l  - th u ~‘hi crn i , ’~t 1  p~~~ ’ —

ills ’ S ‘I I: I “ ‘ I i i  s ’ I U I I ’ i . t I , ’  I , ‘: : I I L l :  i t  l e t ’  ,h’ , l,l \ ’ : S CS : . I i l t l ’ l ~ ’ : : I s s t ’ , i , ’ s ’

i S ’ s,” l ’ s ’ , ’ : - ,  n t  sa t  i l l  ‘1 d C ’ s’ .‘ 15 C ’ - i’n l i t ,  ‘ S t  s ’ . i  : H :  , I h i ’ s ’ N V s ’ , s ’ l I

u I i ”~t~~~d ‘ b  l i i i ’  : H ’ u l i I l s , ’ S l t  S aI’1’~ ’ . l i ’ s ’d to  l’s ’ 4’, l’ s ’at , ‘ i ’  ,t I I i ’ ~~~~; : I s ’ I ’ - i i ’, i ’

d;; w, a; t ’ ’ l ; I L 0 in t h i s ’ ‘ I ’ ( i — 1 1 i s i ‘ i i ’ , ’ I i’ ;- ; I : : - ‘I ts , ’ 1’ C’ . i t  I t , ’::

s e t  nca t ’lv  a 11 of  t h i s ” 1,i I s a ’  “1 i t t  r , i  , i  I t ’;: w i ’~~’e I cis’ c~~’ I ha n  t Its ’I:e

C t  I he e . i s ’  U s - h ’  c i t t t  1’ 1 , 1  t s ’~~; - ‘ [ ‘Its ’ ;; I s ’ t ’ , I g i ’ se l l  i ’d : s ’ , ‘n’ o ha i’ ’

Os 7 0

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

J

- ~_J . Mr *~ri’i*r~’ S 

~~~~~~~~~~~~~~~



H N N

~~~~~~~~~~~~~

N N N  N N N ~~~~~~ 

*

i

s 

N

5

l~~~~~~~ 5 1 5  

‘5

\ \ \ \ \ \

‘ 5  
- , ‘ 

‘ , ‘ 

. . 
- 

-

I

67 1

~~~~~~~~~~~~~~~~~ ~~~ ~~~~~*s~~~~ .5 51 p  ~~~~~~~~~~~~



5’- ’. ’ 5 , . , ’

‘S.
5” ‘N

I 
,
‘ I

“ ‘
, .5’

5’ ‘-~~-55
1,5’

5’s,’

I I ,1

-i ’ s -  -
~

‘ S t

4’~~~~ i ’ S ’

5 , . ’ ’’ 5” -’ ’

- ~ ‘
~ . ‘ ~ 

‘ 
‘

- ‘S \, .. -~ ,‘~ “5  1
‘ 1’ ‘ ‘ ‘ ,;‘ ,, ‘ ,l’ 5 ’
4 -  .it ’ I . ‘ ~.,‘ I , ,4*’ - ‘ ‘ S  ‘ 5 :

.1’ k ’ , , , ‘ a ’ ’ ’  - ‘ 5 ’ ’ - ’ ’ ’ ‘l~ 5 5

5, ’~~ 5 % ‘~4 5 ’ , s ,‘~ ~~‘ ‘  ‘N ~
I -  I ’  ‘ 5 ’  q5 , ‘5

6~~

I •..Nê.. , ’ ~~~~~~~ ‘s~~~
’
~~~

’ - - -

~I_,, ,  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ -



sad v,n ’i .il’ e c i  ~ e a l, s as : t h e  o t I - i s , ?  1’ ~~si i ‘~ il :Ii ’ t e s s  - ‘i’hie 
~
: a f t i ’ ’

i’CC~~4 ;;ite ts’.t t c s ’  ~tI5’e.il’ed to  have  deL - l e ased  over  [ h i  S I  ~‘ s ’ , i , a

per iod .  ‘isie ~0 C — 4  e l ut z ’i a t e s  shewed iitcx’eases in p h i i ’vt ’ I ’

t ha t  ~‘t I n c  site w a t e r ;  (‘rii ’l ’  t o  s t o l’a 1’, e , t h e  0 1” p e s it s ’ e l  t e a t

‘.‘.‘dS obsel’\-ed . ‘l :e ‘ I C C — b  and  6 e lut i” iat e s  had u1 ’eut ;te s, I I S i , ’

~ v a t u c s  ii i  L e t :;  ~‘ ‘e— ~i:;J i ’Cs t — : ;t e i ’J  e studies. ‘is i i ’ ~~ ‘e—

a ,L t i c  i”.’lSiSd C t .uice ~.‘ I t h e  site w a t e r s  C sos : ;  ‘1 C C — 4  a:sd H ; ‘ _

creased sl ig s ;  L 1-’,’ 5 , hs ; s ’ i n ’  S toi’a ’,e ; t h a t  of TOO— 6 5ip~ ’5,ai : 5 ;  tO

have decreased - Dis ’ec t lois of changes  in s p ea i t  s.c ca u Cu s ,’ I w sce

L,i~,’Ct-i elu t s ’i a  I ion s e t’ S t s ,’ i ’e 5 ,, ‘ 1 0 0 — 4  and 6 s~tI::0 les a p p e 4 u ’e ~1 I a

Si’ O( ’pes I t e  of tu a s e  I c un d  p t ’~ es to  sto ra ge - l ’hii ’ I L  S

t e s t s  Sfls ,’WCs , i  a g rea  ci’  Jeci’ease in spec ifi5,’ co s ;C u ct a s ;c c  H o c ; :

e L u t i ’ I a t  Len a ( t e x ’  s t e s ’j s ,’a t han  i t  had b e fo re  s tc t ’s5 ’, e -

ni ’ ,i V ’~
’ ?‘letals

l a st s .’ $7 sh ows h as I t h er e  were sonic m a jo r  a~. 1—

s ’es ’e : ; ces  between the two set:; se t Texas City se d i m e n t s  - ‘I S i s , ’

1 C C — i , 2 , 5i :tC 3 s e d i l:I e u t  samples  col lected on ~S5o ’~’h 2 $  c e l s —

taines,C 3. 3 to 4. 5 mg/ k’, cadmium and 5$ to $0 mg/k1,’, lea5,h in

this SJl:lpleS colli’c ted in Sep tember , concent i ’ t t ions csl tites ,, ’

metals were below the ds.’tectics ; limits - The ‘(‘CC— i, 2 , asiC 3

samples excecde~ the US 01’,-\ cr1 tei”ion 10 for c~~u i t ’t i u  IH , alit ’ en;.; an ,

zinc , and lead - ‘l’he I’afl~ ’, i’S a t  con cesi  tratiolis seen were $ - 3

to 4. 5 I l ;s ’,/ kg cadmium , 171) to  i”SU mg /kg chromiun t , 5L 1 te 2 4 0

i n 5 ,’ , 50 to  50 mg/kg l ead , and 10 to 7 2 0  IIt s ’, /k ’g n i c k e  -

~‘hCI t ’, , t1 ts , 5Se , i ron , and me i ’cus” . ’ cei;centrat ions went’ also hi s i t  -

‘‘lie set collec ted f rom S i t e s  4 , 5 , and 6 had ‘.-‘aJ ,ue s exci,’c~I ists ,’
t h e  C t . ’i t er ion 10 l ot ’ z i n c  , copper , and arsenic. The t’ ,tI; ~’, i’S set

these metals were 114 to 160 n t g / k g ,  43 to 5$ mg / k b ’ , , and i i .  S
to 13 mg/k g ,  respect ively - Mang an e se  and iron C C l t i ’ C l l  t i ’a t 1 011 :5

we r e again h i I s ,’, h - M a s ; ’a n e s e  and i ron  s.’oIt~’è1it rat 10155 ts’i’ l ’C  551’

to 671 mg/kg ah id 2 5 . 5  t o  2 6 . 3  ~, / k s ’,, r e spec t i ve ly .
Cite variability of metals concentrations l’etwecit

t’larch and 0
~”i’ 

tcmher s e  I s  at  s e d i m e n t  samples  was  cons ideral’I e .
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i is , ’ 5Ws ’ver , t h e  r’axige s of I:iwigdxiese , z i n c , and iron were quite

simiLar ~st  the two s ampl ing  pes’1o~ts - The cohict’hits’dtions of

;: sss’c.ix’y appeared to have decreased 10 to 20 fold in t h e  time

L e t ws.’ ’,’: the sa ntp  I i  ug periods -

Table 28$ ccnta ins  t h e  r e s u l t s  of the soluble

~:s.5 i vy  metals .Cl;5~l’5’seS for the TOO— i , 2 , and 3 elutriate tests.

I l l  I n c  .1) pes ’ci ’ut  t e s t s o t  T O O — i  , l u u t  .3 sediment , large

t s ;;; t :st ’,ase’se ( lOt 3 and 5 7 6 0  ‘s,;g/ 1 , r e s p e c t i v e l y)  we s - c

x’c leased . :s t In ’ iCC— 2 tin; ts , L’nl\’ : ;t e t ls .  a t e  niari ’,anese re-

lease ‘-s’~~~S see n , Lsu t that of ti ’;e 20 pes’cesi t test was neas’iy

dosL ’le  th a t  :1cc:; 1:; the 5 p e r c en t  t e s t  - E lu t i ’i at e s  of ‘(‘CC—i

s e d im e nt  w i l i c i s  s’CI ’ sS a l l o wed  to settle f o r  2 i 4  hours  s how e d

::ej s’ lv t W l O L’ the  sni:: ’, ,i xss , ? se s ’e lejse seen in the  one —hou s ’
S et t . L i 1 : g  n~’st .

‘i’here was removal ot
’ s i x - i c  f r on t  t h e  site water il-i

the Sites 1 and .3 tests ( a p p r o x l x n a t s .’lv 50 and 20  pe rcen t ,
r e s p e c t i v e ly )  ~ x sd  wha t app eared to L’c s l i g h t  re lease ( 14 .3

ever 8.7 pg/i found in t h e  test water) in t e s t s  wi t h

th e  I C C — 2  s ed im en t  - There wa s  small r e l ea s e  of ir on , .
‘ 7

p g/ i .  in this tests on Site 1 sediment . The ir o n  c on c e i t t r a—

tion of the TC:-l site water was 5 pg /i. There was little

change wi th -i variation in s et t l i n g  time - Co i i c s ,’at r a t i o n s  in

51ts,i , , t, i s s , i  elutni ,ite waters f r o m  ‘ l ’CC—2 ,ind 3 were ccsisists.’ntly

~~n c 1 s .~ were  in d ic a t  io t i~ a t  co 1’p el’ u p t a k e  in T O O — i
s. ~utr it t es - Ths~ site water ci ’x ;t a i l i e s  5 . 4  t t g / l  , 5n :d t h e

e lu tr ia t e s  s,’c:; t , i s . s ; ed 1.5 to ii .6 pg /i - C5,’Ilce n t l ’ . lt lo Iss  were

lower  in the 2 0  percent elIC’ l’jdti ’S . Concent i ’ ,i t l e st ; ;  ib 1 0 0 — 2

and 3 tests wale low and showed no c h an g e  -

‘thes e was a slight release of nickel by a l l  t i - i t -ce
sedime;; ts - No general bai t tern was seen wit it \ a i s ’  L t t  len a t

e t ’ c e t t t seC i;: s,.’nt , t n t  t he  e t” se l ’ve i l  s’e I ease wa ; ;  iows,’i’ in ti ’te

T C C —  I elutriate’ s e t t l e d  los’ 2 4  Sc sI ’ :; t lt , lii i i i  l Ist’ Ci tes

1) ‘,‘ S
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S o t ’  on e  i ,~ ’ ’ : s  . L ’ I , r ’ s, ’Sr ; l i urn ‘,-.‘- s s ,‘.lsc’ r ’ s ’ l t ’ a: ; s, ’ s,t S ’ ~’ a l l  t I , :  s, ’~’
s c , C :  ;:t~’:, 

- s - ‘tin’ ‘i’ L ’C — i  e v.1 t er  cot :  t i  tied 11 ;; / 1 c h s ’ c s s~ urn

~:;d 5i ’ 2 3  :‘es’c~-’ x ,  , o n s~~~i ; :  a s s et  t 1 ’ ’ ,I e l u t t ’ i , , t ’  s’ 5 ’i’,~, t ’ iss~’d 159
p g  . In c :  ‘ ‘ , i s’ s v~’t’~ ’ : naiil in the ‘( ‘0 0—2 an d  $ es~ s and as

. 1 ; t  : - ~~~~. c c x n ’ ’ ’:’. s.se c ’ S  ‘.~‘ es  ‘ ‘ L w , th e  ~~~~~~~~~~~~~~~~~~~~~~ 5 ’ s ’l ’ si~ ’lV

5 a ,  : ~~~~ - ‘m~ ; sine s I s u e  ot ’ as s5s.s’~’n t sn’ s ‘~n i  ;: ,“ s is ;

lt’s,td ~:, a l l  t e st s .  Ca~i nt i I : s ; I  c cnc s ,’: :t r at ic s is  ~ : L C — t  ~‘ i i i t r ’~ ,i te
c - n  d l , - .~~~ ‘, , ‘ ,e ;’e , t ; - ; - e t s ’e ~ I to  Il s,’ 5~ 5 t ~’ 5’ s, ’ , i 5 i ’ i’S\’e ” S SC

S ;  I i ’ w ; t~ ’s’ c:’l;cs ’:’is’atis’;; ( 1 . 3  [ t ’ / l ) .  COr;cents’,itj5,’its ~fl , t ’ , l

s-tn.:’ ,s,”s a - t b ;  l ’Os .’~~.’ ,;n : $ s’,’,m r n e n -t were  b e l o w  t h e  d e t e c t s  en

i : n . i -  ( 0 . 3 ‘ ‘g / l )  -

~‘~C” s,’ j S’ I ’ S E ’,tis’ i’-’ ;C t~’ f e  sa~ cv,s i of  ItS ’S ‘ ‘‘0”.’ ;‘en; site

;s’ , t ~~~‘:  - ‘ ‘ i i  t h ; ’ s ’e se~!~~m s,’n t s .  R e m c\ ’ a l  0:’ nes’ c ; ss ’ \’  I ron ;  t h e
‘ — 1  t s ,’ r a t e s ’  was  St I ~, he s t  ( 0 .  2 7  b i g / i )  n t h e  S p e s ’ c e s it

- cc w i t S ,  2 -  it ’s;’ set i i  :;g, and lcwes t  in the  2 0  ps.’r ’~- e; ; t  t ~‘5~

v i  a —h o -  .1’ Ss ,’t  t 1 ~ ;;g - Thes e was no p a t t er n  w i t h  t he  at Set ’

sed m eats - ~:s.~ :‘csss’ v c o n c e n t rat i o n s  in T O O —  2 ,ind $ s, lu t r i a t es

w o r e  cans  5S ei’,t(’iv higher t ha i - i  t h o s e  in S i t e  1 e lu tr i a t e s  -

Fb i  s m ay  he Cs ; , ’ a t he  c h a ng e s  in a na l  v t i ca l  p sec C Cs: res  los’

mcr’~sn’v c cnc s ,Sn t  t~ ,i t  ‘I O f l S  , which  were di ;‘t c ; ;s s ed  115 Fart I I .

I’ , i b ie  2 3 9  shows thc s ’ocui ’t cI  m e t a l s  an a ly s e s

of  the s i te water’ and e l u tr i , ’ it ” s  f r o m  t e s t s  pe r ’ fe s ’nsc d  w i t h

he T O O — i  samp icc  a Ite s ’  s t  c l - a g e .  I s 5 t n g a n es e  was r e l eas e d  as

‘snct  ion of ir ;c t ’ ea s ed  s e d i m e n t  pes’centcige of fbi ’ t o t a l

e 1 a t ’ r is e so  lame . The t r e n d  ,i;sd amount  of m a n g a n e se  release

were  s i s :t i l a s -  to those  o b s er v e d  in the  pre\-’ious t e s ts .  In

C hese  l a t e i -  t~’s t:: , :li nc co n c e n t r a t  i o n s  showed no change ,

w h i l e  is; the previous test:; (April 5 , 19 75) zinc s’emov,i l had

t ’een apparent.

Sc change in the  copper , cadmium , chi ’~’m ,i ’ss;i , arid

lead concentrations were observed in the  June  test. In the
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I

s. ’a ni Ii ’ 1’ t i ’s t: ;  , howi -v i - i ’  , inc tea: ; c:; L i l t i  I cat j I l t ’ i ’ s.’ L i ’ S: ;  C

it s.’ I s . d  t o t ’  s,’,I s. i b h l j l l h h i  , i i i ck s .’ .L , and i’i l i ’ O t h i l U u h I . i t t  t he  s. ’i’ i ~, i n .iJ

in ;  t : ;  t h e  ittos t :1 i i ’ l l  i t  j call I h ’ s. ’ 1 e , t ; ; e  W a : ;  t hat at s.’ h i t ’ s. ’t ; t  i ut h i

W t ii Cs,’l s s . ’ t’ht t i- a t ;s, it s ; t e a c h  i rig I I’ tI pg/ I - in th i s.’ June t i’ s:. t

cht’s. ’i:i Stilt i ’ s. ’ h i s , ’ i ’ i l t  i’a t joltS X ’ChlLt i t t e t i  ‘l OW It p~~ / 1. M o t i e t ’ a t s .’
j i ’ s. ’l h i Si ’ I i ’ . l S t ’ s. ’s. ’ s.’ i i t ’ t ’ es . I  I i i  b O t h  15t h : 0 1  t i ’ : ; t  - Mel ’CUl ’ \ ’  h i ’ —

L C , L : ; i ’ w i: ;  ap~~’, i t ’ i ’ i t t  in t h e  L i t  c i ’  tt ’s; ts ; , w i t h  inch-es :; l i l t ’, h i ’—

1e, i : ;~ ’ a:: h ’ i’~ ’ct;hiI ,i. ’~ ’ a t  :;ed m i s i c t i t  c o n t e nt  j h l O t’ i’ ,t ::es, i  - I I I  t i t t ~
s.’d t’ I V t i’S I S  s l i t ’ i ’ s. ’ iii’\ ’ .i 

~ b e  L 1 ’ i 4 s . i  I 0 1 ‘c re h l i O V t 4 ii i i i  I l l s . ’ C’ pe l’ s.’ s. ’ x  i t

;;s.’s.I i i :ss. ’ h i t  t C:; I -
, I t o  ch~~nt ’, s, ’ v,i :: h o t  L s , ’ i ’ s , i  i i t  t l i t ’ 2~ ps.’ h ’ s. ’ t ’ h l t  t s . ’ : ; I

t h e  i’e :;ult ~; I s- inn t h e  two : ; e t s ;  at i s . ’ : ; t , : ;

i l l s . !  s e t  ,t ~ ’, h ’ e s .’ Wi ’ 11 , ‘X c i ’ pt  tot ’ hhis.tns ’,,i b l e s s . ’ and L a d  h e  Is. ’.i:;s.’ -

: , is : t l ’  Ic :; t o t  ‘~ n ’ s. ’ i’ s. 5 :; ul t ed  i i i  e l s :  I r t s  I t ’ I s . ’ :; t i ’ s.’ :;uJ, Is wli i oh s ’, , iv s.’

~ C .‘t : :  ; “ i t ’ . t t vi ’ u r i C  t i ’ s. ’ : I  1 111.1 t 1 HI 0 1 t i l t ’ pa t c h i t  i a  1 0 t 1; i ’ s,1 S I I t s .  h i  t

I a h i 4 I e, I :  is I5.s.’ I ,i  I s ;  -

(‘si’ I e .
‘ 11 1 t ’ s. ’ : i ’l l  1 :  l i i i ’ Itt i ’ t ~it  a t u t  I y :;  in ;  0 t t h i s . -

:i s. ’s.l i t  it ’d . t h t s . ’X i c / O X  i s . ’ s. ’ I  t i t  t’~ a t e  t i ’ s ;  I s ;  pei’tat’i ted w i l  h i  ‘ 1 C C — i

: ; i ’ s . h i b h t e n  I ti nt is ’ , i  t c i ’  o t t  , I ~~~~ I 11 - S L a t  :1 t s.-a I IV 15 I I  I j C 5 i I t  I

i’e hs. ’51 :1i ’ oh n i . t h h t ’, a i i s . ’ :;i ’ W , i : ;  :n ’eh t  i i i  t o t  hi c l s i l t ’ i a t i ’:; - Re h i ’ ,I : :c

w , i s ;  f i ’ ~~’ i t c ~~’ L i t  I l i i ’ 21 ) s s.’rs.’s.’ i t t  :;etiim cn1 eo n t  e i i t  t c ; ; t  1

)s ’  / t ) - I’ lie i c  W, I : ;  h i s . ” 5 ;  t S I j :; I j C~ i i , C i t  I C I ‘ i ’ h l s , ’ t ’ i i i  t h i s .’ ‘O i l s . ’ i ’ l l  —

1 I ’ . I I j ‘ll : 0 1 15 S l i t ’ , ‘0 15 s t ’ i ’  , s. l i t ’ s. ‘ s i t U i t t ;  , ‘
~~i thIlt 111111 , 0 5 ’  t ’ s i s  I i l l  I lii -

i-lu t s ’  j i l t ’ :; .ind I li e N’:: I a , ; t  is - A 1’ [ ‘ a l’ s. ’ h - i t  l ’ s.’ I s. ’ , i  ~;s.’ s.’I ii i s . ’ L s.’ I
Ot ’,,’ ; t t  ‘ i  ‘ 5 ’d t hi’ , i h t l i ’ l h h l  I I ’~ ’ i h t g l i i i ’ :t , i ins.’ in 1’ .’ t h  I s. ’:; t :; - S in

: H I t s . I i  1 ~i 1 ’ 1 t a h ’ i ’h t t  i t ’ l t ’ a: :i ’ : a t  i o u  W c t ’ i ’ , i  l : : o s. ’ l ’ : ; s ’ l ’ \ ’ i ’ s . i  i t t  t hi ’

I a. ’ e I ri I i ’  sa t cc

‘1’~i l ’ I i  -
‘ ‘~ I p h i ’ : c h 1  I : S i i i ’ t’ ~ ’sii LI: at  hi i ’,ivy lt t s.’ Ia 1

a i t . i  I V : : ’: ; t o t ’  k ’s ’ — - t  , It , and t ’  it  h i t  I’ I i t s . ’ h i ; ’ : ; t :  . bu t ’ : :  t . i t i t , , i  I

h e  l e t  e a I : : , i l l s ’ , ii itt :~ is s. ’ s. ‘c u t - i  t~~s. I is’ t S ‘Is ’ s ’— 4 - ‘1’S c • into i i i  i t  s i ’  —
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increase it - i  i s-on , froni S j ig !  1 to  ‘ .i i ’~’ut 10 j ig !  1 WdS sic ted . No
s i g n i f ic a n t  change  front  :5 i t s .’ w a t i t i ’  c~ ‘ s ic c i i  t r at i  en s  of  ch i ’ s, ’ ;; t i urn ,

cadmium , : S I r I C  , nickel , it~as.1 , ~‘s.’p~’sei’, in er ’curv , 01’ di’Ss.’Ii it ’ W I S

de t e c t e d  in the  e lu t . r i at t .’ -

V ery large  s . I t 1~~i h l t  ~ ties o h  Ihldlis ’,5t15,’ SC W C P C  PC 1 i s , i~~,.’s. J

in ‘ 1CC—S tests - Concen tr a t ions  i -cached 2 ,750 j ig !  1 in I lk’  5

percent  test. Nickel was obse rved  to  i nc rease  1 i’es st Is to  8

- A small decrease in n i h i c  was also noted. No s La t , i : ; t i c a l —
ly si gni t’icant  change  was obse rved  l ax ’ et her  m e t a l s  mon t ai~i,’s.I -

In t e s t s  w i t h  ‘I ’CC— 6 s e d i m e n t , t h ere was  ‘.i~~, s . i 1 t i

s u b s t a n t ia l  manganese  re lease , on ly  in t h i s  cass .’ it Wd S i s :

p r o p or t i o n  t.o s ed imen t  con t e n t  01 the I est . The 5 1sei ’ c en t

e iu t i” i a t e  ct~h i c e h i t rat  ion (C) O S j i g / i )  ans,l 10 p e r c e n t  c o n c e n t r a -

t ion ( l C ’ O O  j i g / i )  were , r e s p e c t i v e l y , iewcs’  and higher t h a n

the  c o n c e n t r a t i o n s  in the  col’I’ospc”ndihi ’, TC C — 5  e lu tr i a t e s  -

There was a sm al l  hu t  s t a t i s t i c a l ly  si g n i f i c a n t  decrease  I l l

th e n i n c  c o n c e n t r a t i o n, f rom 3 - 0 j i g/ i  to  less than i p g/ i  -
Also , small increases i i i  i ron cs,’sbtcen ti ’s.ttions, f rom 5 j i g/ i  to

2 0 p g / i , were obse rved .  T C C — 5  s i t e  wate r  and e l u t r i a te  con—

cen t rat ic ’ns  of  o t h e r  m e t a l s  d e t e r m i n e d  were s t a t i s t  i ca l i y

iden t i c a l  -

Data 011 release ol  h e a v y  m e t a l s  d u r i n g  el u t r i a t i oi ’ -i

of TCC~ 14 , 5 , and 6 samples  a ,t tet ’  one month of s to rag e  are pre-

sented in ‘I’able 292. Manganese and iron were reles .ised f rom

all three sediments as ths.’v had been in the  pr e v i o us  e l u t r i —
ate t e s t s .  Manganese and iron re lea ses  seen in t h e  ~~~~~~~~~
TCC —4 , 5 , and 6 elu t r i a t e  t e s t s  s.’tri d storage t e st s  were

q u a l i t a t i v e l y  the same . Thei-’e was ‘.i di ’ s.iir i ,i t i c  increase i i i

zinc and n icke l  concen t ra t ions;  in t h e  elutris.ites c stored

samples .  Although this  may r e f l e c t  some chemical cl’ia i ige

durin g storage (at 4 °C ) , i t  may a l s o  be t he  r esult  of hand-

l ing and an a lys i s .  I n the late s” t e s t s , there was son-ic up-

take of nickel although release had been seen earlier. All
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other metals determined sh ow eth a lmost  ,iL h4,’fltical concentra—

t i er i s  L ’et ’c’si’e and a f t e r  the storage period.

N i I i ’ogen Compounds
Total  K j e l d ah l  n i t rogen concen t r a tions  were d e t e r—

m i n t e d  f o r ’  each of the Texas C i ty  s e d i m e n t s ;  ammonium , ‘i i r d

eo g, in i c  N w er e  d e t e r m i n e d  fo r  TCC— 4 , 5 , and 6 s amples  o n ly .

‘i ’hs. ’ ~,t , it a shown in Table 2 9 3  i n d i c a t e  that  t ot al  K j e l d -thl
n i t  rog e n  concen tra t ions ranged f i ’orn 6 4 3  mg N / k g  fo r  ‘ ‘CC— 2

se~h i nss.’nt to 18 20 mg N / kg for  the TCC— 3 sediment - L x c s ’1” t l oi’

the  sed imen t s  fr o m  TCC—2 and TCC — 5 , all other Texas: C,i v

sediments had TXN concentrations above 1000 mg N / k g .  Ths’

highest ammonium and organic N concen trations were in tb ’
:‘C~

’—4 :‘a’th ime~~t sample.

Nitrogen compound r e l ease  data in Tab le 2 9 4  show

t h a t  ammonium r e l s” ,t s s ” in the  Api-’i 1 8 ‘1 C C—i oxi  c t est s  w i s

h i g h e r  in the 24 how’ clii t i - i  ~i te s  - Fur ther , amslL ’s Ji u r n  re ease

was ,‘, t ’e~i t e i ’  w i t h  i n c r ea s ed  s e d i m e n t  p e r c e n t age  i n  the clu—

t ’i a t e .  Organic  N concent ra t ions  decreased and appeared to

v~i t ’ v  inve r se ly  w i th  the perce nt sed im ent in the ‘tol , , i ] .  elu—

I r i , i t e  v o l u m e .  N i t r a t e  concen trat ions  apparen t b y  d id  sr ’ !

c han ge  in the e l u tr i ates -
Table 2 0 5  presents n i tr o g e n  data for eluti’iate

tests of sediment samples from Sites 2 and 3. Because the

samples had to he centrifuged , the organic N concentrations

do net  represent total values , but rather the combine d d i s—
solved and t i n e  p a r t i c u l a t e  n i t r o g e n  f r ac t ions. S i te  w a t er ’
W,i:5 not centrifuged prior to analysis

Nitrate concentrations decreased s l i g h t l y  or re-

m a i n e d  unchanged in 4i l l  elu t ria t es.  Ammonium release , w h i c h

w d: ; in t’e idily nieasurable amounts , was a funct ion of the pci’—

cent sediment in the total elutriate volume . Release  was

greatest  in the Si te  2 20 percent e lu t r i a t c ’ , hut  still hc l~~w

6 8 4
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Table 293
Ni trogen Compound Concentrations: Texas City Channel

Sediment Samples
(mg N/kg)

Sam ple Total Kjeidahl Organic N Ammonium
Desi gnation Nitrogen 

__________ ________

N SD X SD X SD

TCC-1 1670 47 - - - -

‘1CC—I 614 3 12 — — — —

T C C — 3  1820 4 3 2  — — — —

T C C — 4  1670 4 7 1 3 7 6  159 2 9 4  112

TCC—5 654 35 6 18 35 36 0

TCC— ,3 1240 116 1027 143 222 27

Mean and standard deviation calculated from duplicate analyses.
Dash ( -)  indicates data not available.

Table 294

Nitrogen Compound Concentrations: Texas City Channel

Site 1 Oxic Elutriate Tests

(mg N/i)

Sample Organic N Ammonium Nitrate
Desi ,,’,s:ation SD’ N SD* N SD~~

Site Water 5.0 l~ 0 0.59 0.04 0.08 0.01

51 (1 hr ) 3~~ L 3  3 . 0 6  0 .18  0 . 0 5  0 .01
(24 1:r) 2.2. 0.7 3.84 0.2 0.06 0.02

20% (1 hr) 0.2 1.5 7.5 0.1 0.05 U

(24 hi’ ) 0 . 6  0.6 10.3 — 0 . 0 7  0 . 0 2

Dash ( — )  indicates t i l i t  only one sample was analyzed.

~N ean and St dt idCil ”d d e v i a t i o n  ca lcu la ted  from dup l i ca t e  a n a l y s e s .

~~Nea n and s t a nd a rd  d e v i a t i o n  ca l cu lat ed  from t r i p l i c a t e
analyses -
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- n  , ,  n : !  ~~‘n c e l i t i ’ , it ~~o 1ss : i~~ ’~~~~~~I l  C i t y  S i t e s  2 us : : 3
r i , i t e  ‘lest e-~i :r’ 2 . 1 1  .1 i s :

- ~‘ ‘ l ’ ~ ’ ,1I11c N t\r :::  ,~‘ : , , Lui rr N i - , r t e
— , ,  I— ,

, \

t C —

,,d~ L e  ,la ’, ei 0 . 2 5  0 . 0 2  O . i s  0 . 0 1  0 .11 3 . 0 1

< 0 . 0 3  0 . 0 0  1 . 3 9  0 11 .11 0.01

— 5 4 ’  
_
‘-~~~~Ob  0 _ s O  ( _ 0 2  0 . 0 3  3 . 0 0  0 . 2 . 1.

S i t e  d i e s ’  ~~ 30 O~~~’l 0 . 2 2  0 . 0 1  0 1 1  0 . 0 1

‘ - 3 . 3 5  0 . 2 1  2 . 3 3  0.01 U . O s l  0 . 0 1
‘— 0 _ O s  3.2$ i 6 ~

’- ’ 3 _ 2$ 0.11 2 _ L ~1

I’ : . .  : cs ’ii ‘ 5 I a , ,e 1 51 i or’ to anal vs r

~~d ’ i n ~~: i , :  r t a : i cj I ’ ,: t s ’ ,- i a t i e s :  ca l c , : L i t c d  S I ’ S , ,  du p l~~o~i t e  a i : , i l v s e s .
, i s .  u s ,  t n - b i r d  ,,~‘ v i a t  b i t  o~ i l c : i L t : e c  t r o t : :  t r ’ 1 1 ’1L’a te  a I i Oj \ ’ :;cS -

L , : , i t  u t  t a o  Si t~ ’ I e l a t s ’ i n t o s .  Cn ’ , ’, a:: ic N c e i : c e n t r ’a t i e s t s  iii

h~’ ~‘1: : L r ’ i ~~ O S n e r o  , CSIL ’t’ ,iI iv  lower than these in t i r e  s i t e

‘ s’ , t s ’ S ’  . ba til l r~’,:s ‘s ’o !ab ,a,’ disc to t oe  c e s : L i ’ i 1u 2 . l t o r t  S t  s ’~~~.

‘l’ a hle  2 1 6  re t5 :; i’es~~~li~~ of t e St s  i-un est  S i te  1 s e d i —

t o u t o t t  Jun e  ~~~‘ 81 days , t t t e r  samp le c o l l e c t ion )  - Ci ’~’, ar i i c  N

‘i ot a  i s  ,i is: re t I e c t  less tli,u: t o t a l  va lue s t c c , tu : ;e  :air::p I es were

0:: t i - i  u5 ’,e 2. t o r -  5 :: :ot es at 00 00 kIl l pi ’ t ier ’ to  or al  \‘ s i s  - he —

:115 u t  iii r e s e l l  atia i’’ ~~is sher5 ’ t I 1 , i t  n i t r i t e  in c r e a s e d  iii  the

‘ sic t e s t s :  i t  lioN d e c r e a s e d  in t h e  25 1’r il t e : .  t - ‘l’he i r : c i ’c , i s s ’
w,tS s:ib’S t ,ioti ,i t O — s o l d )  in t i re  20  pe rcen t  e L u tr ’ i a te  -

i- el east ’ w , r ~: s imi lax ’ in Se th :  Sc t et  e 1:: t r iot  es

Re 1’~ L a t e  2 0 , i s w :  2 5  p e r ’ ce t r t  ‘ 1 C C — i  0115 ’x L c / c x l c  clot i i —  -
‘

a t s ’ s-s we ’re : ‘ r ’ e i ’ar’ed ,ista s r ib j e c  t e d  to n i tr o g e n  c~’rs:; ’ ’r : r i ~h a n a l v :ai

L ’s- , ’, t s l i c  N : : t t : :p  i t ’s i5’er ’e c en tr i  r u - e d .  N i !  r ’ e i ’, e s i  data ‘ ab le 20 ’)

,d t e~~ m a j or  itn’ s’e~tses in n i t r a t e  and er ’~’, t r i i o  N c en s c s -st t s ’a t l e r ~~:: in

th e  2 5  I ’ s - s c e nt  clii ! t ’ i a t ~~s . :\ smal le r  l t i i ’ i’s ’ ,i sc  , , i l ’ e u i t  30 p e s os - s t

was i I ’ : ’~i u ’ e : s t ii u S : u i t e I i i w : l  c e u t ee i it r at  1, ’ii~ -

- 
_ _ _ _ _ _ _ _ _ _ _  
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Table 2 9 6

Ni t rogen  Compound Concentrations: Texas City Channel Site 1

Oxic E lu t r i a t e  Tests  Performed June 17, 1975
(mg N/l)

Sample Organic N Ammonium Ni trate
Designa t ion R SD~- SD~: N

Site Water 0 2 3  0 . 0 2  < 0 . 0 5  0 0 . 0 8  0 . 0 1
5% < 0.05 0.06 2 . 4 2  0.02 0.10 0.01

2 0 % < 0 . 0 5  0 . 5 3  8 . 3 1 4  0 .17  0 . 1 4 3  0 . 0 2

Samples c e n t r i fu g e d  pr ior  to analysis.

~Me art  and standard deviat ion  calculated fi ’es :~ di ip l~~cat c  an a ly s e s .

~~Mean and standard deviation calculated fret:: tripli cate
analyses.

Table ‘ ‘3 -
-

N i t r o g e n  Compound C o n c e n t r a t i o n s :  T ex a s  C i t y  Chann e l  Si te  1

A n ox i c/ Ox i c  E lu tr i at e  ‘i’cst ~ P er f c i ’m~r N June 19 , l Y i ’5

(trig N / i )

Sample Cx ’gas’ i i c  N A n u s t c r r ~~um 
- _______

Jesignation 
~ SIC- s:~’

~ ~~~

S i t e  W at e r  0 . 2 7  0 . 0 4  < 0 . O o s  0 0 . 1 0  0 . 0 1
2 0 1  0 . 0 5  ‘O 1 2 . 3  0 .1  0 . 1 2  0 . 0 1

25’ ~ i O L  0 . 29  i 2 . 8  0 . 0 7  0 b 0  0 . 0 1

Samp les were c e n t  t i -i t’r: 1 ’,,aI Sc I ore u i t a l v : :  is,; -

~~ :eas: and :;tasr lar’d It’S L~I lo l l  c a l c i 5 l , t t c I  ron :  so ,  I I c a t  0 i::,i I vses  -

‘~~N ean  and st a n da r d  5leviat~~-’:: ~- , i , c r 1, t t c a  I ’ll ’ ,
analyses.

i_ s i i,
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s ’S S e l  ,~ I ‘ l a! t 5, - J i l t i s”  r~’ ’ °  e s s  S eN  : 5 5  I ’ , t t ’ Ic •‘O ’) - - t s s ’

:s : 5  :‘~ ‘~~~- :s  1t - i  t , i S ~ ’r ~: : 0 1s’ , i  S s ’~~ ~‘ 1 ’ ’ - 5 :  1 s  \ , i ’ , e ,- eti:~ I , 5 ~ ’ t ’ , t 1 ’  Iv

d l  t s ‘ ‘ o s  t s ’ , ‘ s t  I n ’ ::, - ‘ t a r ,  I i i i  S o p t  , — at ii a . It i s ’ Cot oI’c r ’  e n~~’. i i i  i c

N - i l l , !  :l I ‘u S s ’ i_a 1 5 , 0 - :  i s ,  s ’ s ’ I t  ‘ t i , - 1’ i s ,  5 to ’ Ns ’ C —  ‘ u l n i  ~‘ 5 1 5

Si , i t  s t  ‘5 ,1 ’  s ’s 1 ’ : :  ‘i, ’ s ’  i t s  t i r e  ‘~‘i ’— I ’ : 5555i 1 s - - 1~~i 5 5,’ l ot

t s ’ s : t  - c , ~, , ; 5i 2. s ’ , I , ’ , i : , - i s :  2~~
’
~~

’ — ! s  0 i l l S  ‘ i - i t s ’ ’ 0 , 1 :  t : i ’ , i:, l’ t h i S s

‘ l i i !  5 : 5  t I  Ss - ’9t ~‘u: t - 5 ’ ‘ ;‘ C — s ’  , : 5  5 ’  - i t s  a .  ,-\ls:Is: , sr t ’ , _ i I t  s’ s ’ s s s ’ s ’ S I t  1 , 1 —

I a ’s : , - e t  S i t 5 ’ is’ , t t ’ ’ t ’  :; ts , ’n’ , ’, I , j  n ’ — t e I d  : s s ~ l ’ s ’ , i i e  v s  I t s  s : 5

s s t a-re W i : : s ’s ’ l l : ’  a s ’s i l l s - 15 : 555:, - : :  t i l l :  l ’ s ’ I e ’,i ss ’ S s oil s t 1st ’ i ’ s’ _ : ,

ii- ,! i nto 1:1 5 - N I s i t  0 ~‘~ ‘5 s~ ‘ s O !  ‘, i t  O i l  5 5 ~~s ’ , ’ I a’ , 1 ,~~s ’~ 1 u s  a I I t 15, ’

n ’ s  i ‘ ,‘ :: I n s  t u I _ i  I s ’ S ’  I t ’ ’, : !  S • _ i  I t I s , ’r : ’, 1: ott I V t h e  ‘I ’ s’s ’ — I—

o I s i S  a 1 i ! s ’ h i id , ::,, -wsi , i  i i  S t i  S c  Ne , ’r  s ’ , i : ’ s ’ ‘ I s ’ S’ i , ’ t : :  I V  -

2 .8
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‘ ‘ S t e  2 9 $
I L : :  ~‘ s~~’ : ,  Compound C5 ’n ~ce:, t s ’ ,t t  i ons  : N e x u s  C i  t y  S i s  es , 0 , ioN

~si:~,’ j l i tj t~~’j L ;t e  N e st s

( i : : ’, N / l

N :\::s~:, ’s : i::s , : N’ ’:
— ,,, ~, ,. ,- , , -a ’ -  ,\ t” ‘ “ ,

c5, — -

S I t e  “,a~ , -i ’  3 . 3 - ,  0 . 3 0  0 . 12  0 3 I 0  0 . 0 1

-~3 . 0 5  ‘~U ~. 5 0  3 3 ~i 0. -I 0 . 0 1
- s O • 3 s  -cc 10. 2 5  0 . , 1 5 0 . 7 - ;  0 . 0 2

,:j:~ ‘ - ‘ ‘ ‘ o’’ 1.70 ~h 2 2  Coil 0 0 . , ’~ 0 . 01
0. o’ 3 . l s ’  1 . 53 0 . 0 1  O . O s ’  0 . 0 1

< 0 . 3 2 .  -c3 2 . 9 0  0 . 0 2  0.00 0.01

c t —

S i t e  Ca t e r  0.15 0 .O’J 5L12 0 . 0 1  0 . s l - ;  OsO l
0 . -i l 0 . 3 ,. 4 L ~1 0 .3 1  0 . 2 . 0  0 . 0 1

2 . 3 2  l5 7 L ~ O L ; 2 : L $ I
54 t , , , v’ ann  s t , i s s d a s - J  ~:e~ - i  i t l 5 ’t r  c u I c : : 1, i t c ~ t fr o : : ,  ~1’,s~ 1i5 ’ ,~ t e  ,t : :a1 vs5’s .

al s o s tan 5 l o : - ,: 5s~ ’ v i , l t , i o : ,  cj I a r : ~ , i ted  fr e t : ,  ti’ i p I i ’ , i t e  a n a iy s e s

‘~ oru,s C~~~~- asids

The S “t  a l  phosphorus  c on t en t  ct the Tex,is s’ it\’

i ’h , t ’an el se5! i sns ’ n s t  : iS I ’I ’ s’:ss’slted in ‘i’ , i b l t ’ 3 0 0 .  ‘i’hei’c dOt’s

not  ~i t’[’s’~l l ’  t o  he sifl ~‘v, - r ’ , i l 1  p at t e r n  ( s ’o n s i s t s ’i ’in g  a l l  s i x

i e s ’a t i e n s  ) e t  s ’ s ’n c en t  s a t  i ‘Sn v i  t t s  n~~ o, , i t ~J to  :1~il t 5p1i1ls ’, l o c a t i o n .

In the  first sam p l i n g  se n -  ies  ( T C C — l  • , , i s t d  3)  , t h e  g1-c~r t  s ’ : ’t

, ‘ ,,‘ i l s ’ s ’ t t t S’O t ~~ 5fl was fs ’und i t  T C C — l  ( f a s t l a - s t  up t he  t t i t ’ n i  ng

basin), the 1s ’Ws ’~~t ,it Ts’C—I’ , anti an iit te i ’me5lr ,it e vol no at

‘i ’CC — 3 (the mo:s t : r e , i w , i n ’ 51 S i t  ~‘) - C’ofl c ent l ’d t i o n s ’s at TCC_14 , 1’ ,

and 6 were ,i l l  ~i’s’ott ’r t h i n  these t non the et lid ’ ‘I’CC s i t  s ’ :

689
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Table 299

Nitrogen Compound Concentrat ions: Texas City Sites 4, 5 and 6
Oxic Elutriate Tests Performed October  31, 1975

(mg N/i)

Sample Organic N Ammoniurn Nitrate

Designation SD~ SD~”~’~
TCC- 4 :

Site Water 1.89 0 3 0  0.24 0.19 O O l

20 % Oxic A < 0 . 0 5  ~c0 9 3 8  0 .10  0 . 0 2
B 0 . 3 2  0 15.1 < 0 . 0 4  ~‘~0

T C C — 5 :
Site Water 0 .3 1 0 0 2 2  0 . 0 9  0 . 01
20 % Oxic 1 .17 0 . 5 2  4 . 3 1  0 . 0 5  0 . 0 1

TCC-6 :
Site Water 0 . 8 5  0 0 . 2 1  0 . 0 8  0 . 0 1
20 % Oxic 0 . 0 5  “0 11. 3 0 . 0 7  0 . 0 1

A and B are rep li cd te s .

~ ‘tean and s t andard  dev ia t ion  ca lcu la ted  fs ’~~s:: d u p l i c a t e  aao v~~a s.

~~1’Iea:i and s tandard dev iat ion ca l cu l a t ed  from t r i plicate analyses.

‘i’able 3 00

Total Phosphorus Concentrations: Texas City
Channel St’s iisnent

(mg P/kg dry we i gh t )

Samp le To tal Phosp horus
Desi gnation
(TCC Site)

1 7 5 0  70

2 4 7 3  59

3 5 4 1 4  2 3

4 lL ; 6 8  3 4

5 9 3 7  7

6 1232 14

Mean and stanidas’J d e v i a ti o n  c a l c u l a ted  frs ’i:r s1~1~’l i  o , i t  e a s s a t v s , s 5’s
of one sedit:scirt samp le.

6 9 0
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~~~~

- . :  a - i ’ ,h ~ i n ’  patte r’s’ , ile. • rh , gr ’c ;to sl c o s i c e n : t s’ , l —

a a’ s S o u n d  I a ~’ t i : C n t  ~ t I e  t - ,~r”,L s :  basis: (‘I’CC—4) , the

- a ~
- , ~ :, 

~s 5 ’ ,’ a sJ it t s s e  m o u t h  of t t i c  t ~~~ I lS ,i ’, bas I:: (be twct’ I,
) , ann tar e in t e i ’ I : r c 5 : i a l e  c e r , c e n t n ’ a t i l r :  at  ‘I ’CC— 0 ,

t o e  ::,~ ‘3: ,;~~‘~~~‘~5 ,1:’n sIte.

L ie  ss :ca:s s o l n bi s s  ~‘ r ’ t s~o : - 1 r c , s s i t~;t e  i s ,  I t c t a ,~ p h o s—

:- aa:a - ’ at r ’a t i o s :s  fe ’,ss n, La Texas C i ty  C: : , t : ~:.e1 Si t e s  1,,

‘2 u s : , ,  3 e L , , t r i a t e s  a re  p r c s e nt c n  is: ‘i’~ Sle 30 1.  The s it e

0’,ttcr’s t a ’~’ ” s i  I three locat L s:s ha d  es scsr ’ t  I a l l y  t h e  same c o n —

sat Ions of so lu b l e  ei~t 1io F’ sad t o t a l  F .  The fr e s h  S i t e  1

secisacs: t r’ s ’ l cased  as ’s  t he  s ass:e asstcunt  of s o l ub l e  or~t i i c  P
L o t - , ate c J en ’c e s s  as:d ., 0 j’ e : ’cent  (o n e  iseas’) tests : it

i’e l e a sed  n~ c a t e r ’  ,i5,,, ’ ,Ol t’O s 0tel’ the 24— i,o~~t’ settling pei’iod

t e n’ t:’,5 ’ o : , e — : , ~: :5 pen ’c~ N. Nbc 2.-a l al I s,’cleasc WO S 0 1 0 0

a b o a t  t h e  san e i r s  t h e  5 and 20  Nr ce s st  e I ’ atn i a tes  se t t  led fa r  p

~‘:,e t ,”u: ’ . I ’i:o set tI m i ;  titsie Sl id  not  a pp e a r  to at ’Sect  the
1’ c0I cs ’ 5 . : n  at  i~~s s i s :  t h e  p e s ’ c c s s t  e l : st i ’ i at e  - however , the

20 r e r c e : st  e 51  ,:r’lat e st’t t l ~~0 t o n  2 - ;  l ion s’s  had a pirosphoi ’us

co:’,cen t r ’at io:: 5 o ‘‘ t h s  cs ; r ’ e , i t e n -  t han  t h a t  s.~e t t lest fo r ’  C5iC Sons’ -

Coe TCC-I cve percent c,t’atn’iate (also in Table ,- ‘Jl

~5a t iCs. ‘i nO C r - c c I t t  n ’ ed u c t lo f l  in so l ,rb le  cr ’ t h o p h o s nh u t e  ccncen—

t n ’ a t  los ’. t o  0.043 lstg P / l .  The 20 percent eisstt ’iate had the

aas, .e cos,ces :tx ’atil- ,, as t r r e  s i t e  w a t e r .  The t o t a l  P co : :c e :s t i ’ u —
tics:  of  t i r e  s :‘ei ’cent e l u ts ’i at e  was  sligh t ly  lower’ t h a n  t ha t
o t t i r e  S i t e  n- a t e n ’ ;  I s e w o v e n ’  . the 20 I ’ e r -c en  2. eluti ’ia  ta’s s h o w e d  a
tv - . — Sell! in cn ’ , ase oven ’ the s i t e  w at e r  concentration of 0. 12 mg
I- / S

The ‘1CC-i five and 20  pe rcen t  e l u t r i a t e s  showcd re-
d u c t i o n s  is: soluble crthc’phosphate concentration to 0.054 and
0.074 mg P/l , rest” ectively ,fi’om the 0.10 mg P/1 concentration

in tire s i t e  w ate r ’ . ‘lire total P c o n t e n t  remained  v ir t ua l lv ’ans —

a S f c 5 ’ted by oxic elutriation. Table 301 also p r e s e n t s  phos-

phorus c o n c e n t r a t i o n s  in 1CC-i  e lu t r i u i :e s  which  were run  on

s .i ’ :ij ’ .l es  t h a t  had been s tored t o n ’  83  days - T h e  s i t e  W a t e r

59 1
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Table 301

Soluble Orthophosphate and Total Phosphorus Concentrations:

Texas City Channel Sites 1, 2, and 3 Oxic Elutriate Tests

(mg P / 1)

Sample Soluble Ortho P Total P
Designation SD(1975)

TCC—l  (April  8 ) :

Site Water 0 . 0 9 5  0 . 0 2 1  0 . 1 0  0

5% (1 hr) 0.214 0 005 0.27 0.01

(24 hr) 0.30 0.008 0.30 0.01

20% (1 hr) 0.22 0.008 0.214 0.01

(2 14 hr) 1.3 0.03 >1.0* —

TCC-l (June 17):

Site Water 0.082 0.003 -

5% (1 hr) 0.15 0.004 — p

20% (1 hr) 0.36 0.003 —

TCC—2 (April 8):

Site Water 0 . 1 1  0 . 0 0 6  u . l 2  0 . 0 1
5% (1 hr) 0.048 0.002 0.09 0.01 -r

2 0 %  ( 1 hr) 0.11 0 0.24 2.01

TCC— 3 (A pril 8):

Site Water 0 . 1 0  0 . 0 0 3  0 . 1 3  0 . 0 1
5% (1 hr) 0.054 0.005 0.13 0.01

2 0 %  (1 h r)  0 . 0 7 1 4  0 . 0 0 3  0 .15 0 . 0 1  -~~~

Dash ( - )  indicates no analysis made .

Mean and standard deviation calculated from duplicate or
triplica te analyses of one sample

~Samp le absorbance exceeded that of highest standard ; insuf-
ficient sample remained to rerun analysis.

6 9 2
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soluble orthophosphate concen tration was slightly lower after

storage . The release of soluble ortho P in the 5 percent
test was less than it had been prior to storage; the release
in the 20 percent elu t r i a t e  was great er af ter  storage , however’ .

The soluble orthophosphate concentrations in TCC-1
anoxic /oxic elutriates (Table 302) were near ly  six times

greater than the concentration found in the 2 0 percent oxic
stored  elutria t e (Table 3 0 1 ) .  (Stored elut r iate was used f or
comparison since it was t es ted  on July 17 ; the anoxic /ox ic
tests were run June 19.) There were no differences between

soluble ortho P or total P concentrations in the 20 and 25 pe r-

cent elu t r ia tes .

Orth ophospha te  data from oxic elut riat e t e s t s  on

sediment and water- collected in September from Texas City

Sites 4, 5 , and 6 are presented in Table 303. Soluble ortho-

phosphate concentrations in the three site waters appeared to

increase slightly from TCC—4 to 5 to 6. These concentrations

were about two times greaten’ than they had been  in the  same

general area six months earlier’ (Table 301). Sediment fr om
N’ i ’C — 4  released soluble ortho P upon elutriation; the  increase

(1.5-fold) was approximately the same in both  the 5 and 70

p er c e n t  e lu t r i a t~’s. The TCC—5 e l u t r i a t e s  showed s l i g h t l y
decreased soluble or’tho P concentrations fol lowing elutriati on;

the reduction wa s less in the 5 i’sercent elutriat’ s ” . The

T C C — 6  f i v e  percen t  e1u~a- .i at e  a lso showed a iars ’IuCo i on in the

soluble ortho P concentration below that of the site w,ites ’,

whereas  the  20 per cen t  el utr ia ’t e showed a si i ~‘, ht  i Iis ’ r e , i s ’ t ’ i i i

cosi cen t a - it i or t The di !’ [et’ence in Iaehav j e t ’  be tw e e n  t h e  I we

TC C— t i  e in t i’ i , i  t o  s m51\ ’ be related to the dii f er e n ce  I n p et ’ 5 - e n t

sediment  tisesi and/or the di i ’ t ’e r e l i c t ’ in P. 0 • s’s s ’i i s ’s ’ f lt i ’ ,i  t i o ns

, 1 t  l o t ’  ::t’ttling ; the 5 pi ’i ’ s ’e i i t  e l u t i - i l i t e  had 5 . 8  m g/ l  P . O . ,

whereas the 20 p er ce n t  elut i -  i , i _ t e  P . O .  had I . 3 m e / I  -

1~ ’3 3 
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I t ’ 301 ’

Id’ 1 it t ’ I e Ci ’ t I i s ’ I ’ l i t ’ : s p i t a  I e ,~~is l To ,i I I ‘lns s s .;i” lioi ‘ t i s s  (‘o~~ot - ’n t  l ‘ I  t ‘ i t S

Tex,i:: C i t ,\’  i_ ’ l i , t i i i i & ’ i S i l t ’ I ,‘\ n s ’x j~-/Cxi4 ’ Fl h r i t r i , i t  e ‘l’ s ’ : : t S

I t ’ i t  or -med s/ n ine  I 9 , 1975

( n ig I ’ll )

im p  to Soluble C i t  ho 1’ 
- 

Tot~’i l  P

0”:, t ’ t i 0 t  i on  tIP N ISP

1 1 0  Wa t o i ’  0 .  i i  0 - 0 0 7  0 - i i  0

7.1 (1 1 . 6  0 . 0 3

‘2 .1 0 L8 0.9 3

~b~air an~I s tandar d  5k-viat ion c a l c ul a t e d  I t ent dup I I 5- ,ite or’

t r i p I lcd I e anal V 5 ;  en; e t cite s amp 1 e -

[t n t i ’ i  .i en; were s’t’r itni t ’ ug es l  ~ t 9000 rpn i  t i ’m b m i n u t e s  ~~1’ i 01’ Is)

, I I t d  I \‘s 1 : 5 .

‘I’a h l e  30 3
l I e  i 5 j ’i ’ l  0 C i - !  i e j ’l i e s - ;p l i a t e  n o n c o m  ti ’a t ions  : ‘I ’ ex , i : ;  C ity

Cii,isr n 5 ’i n t  es 4 , 5 and S Oxic [lu t i - l a t ’ s’ Tests

(mg i ’ / l )

:09 10 l~~” t U I ”  i t ’ Cr ’ tho  P
Pe:; I ‘~ ta I i on

____ _______  ___ 
N 

- 
SD

‘1CC— 9

I - L I e  W at e r  11 . 1.1 0
5’ S , 0.29 0.018

201 - 0.75 0.001

Si t e  W i t  e t ’  0.15 0 . 0 0 3

0 . 0 0 3

0.15 0.001

‘I C C — t i

Si t e  W a I t - i ’  0 .  .‘O 0 . 0 0 2

5% 0.1.” 0.001

2 0 %  0 .2 :  1)

~l~’- i n  and t ,anda r~i slt ’V i , i t  I on cal s’U l i t  e~1 I rem I m l  p 1 ~~~~ e
a n al v n ;c s  0 t e l m ’  s ; , i in l piE ’ . 69 4
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‘l’ahle 30 14 presents tire orthop liosphute results I’ s ”i’

‘I ’CC — 4 , 5 , and S sdnip les stored 40 Lid~~ S and t hen  eiutx ’iats’d.

1’o1lowin~, t i r e si  L sn ’ a e ,e period , soluble or’tho 1’ conce it  Ir a  t i , ’:i:;

l i t  ‘i ’ C C—4 and 5 s i t e  w a t t ’ i-s w e r e  34 and lb  ps I - cen t  t ’, I’ t ’ , it er

r’ s’n sp e c t i ve ly  . T C C — t i  site water’ so lub le  or t h e  P wa s 11 per-
cent l o wer  t han  it had b een I’r ’ioi’ to s t o r~i o , e - A t  te l ’  st  01’ h’ s ’

the direct ion ci  i ’ eI scen  ti’at ion  clr~Il1gtr as a r e s u l t  ol e l u t  n a —

t ion was e x a c t  iv op i so s  ito  t h u  I I ~‘n u t d  in  e 5 i i ’ l  icr’ t en ;  t s ; w i r e  l ’ s ’

r e lease  ot  s ;o luh l e  o r -tho  P iii s ’ l u t i ”j , i t e s :  h a d  5s ’~~~ t e u r i~l b e t  oat ’

saniple s t e m s -c ( ‘I ’C C— 4 and  L s )  , u p t a k e  w a s ;  f o u n d  i i i  eluti’iatt ’

tests at Len ’ s t e t - a ~’, e . W h e n ’ 5 ’ u p t a k e  was ;  t e u i i d  h e !  o r e  st ot’ , i g o

( ‘ I C C — b  ) , i ’e leas e was I o u nd  at  t c i  ‘w, r i ds -

‘i ’ ,il’le 31’ 9

S o l u b l e  0r th op h os;~ ’ l r5 t  t o  Con c e i t  I r a t :  i o n s ;  : Tt ’xas  Ci ty
Si tes  4, 5 and L’ C x i c  1,’ l l : t i ’ i , i t e  Tests

Per- for-med Cc t ot ~ a 31 ,
t s t 5 ’. I ’l l)

I , , ssi~ ’ I c  
- 

I S ~~ I ut’s le  C r ’ !  ho 1’
2 , 5 i , t t  n s . i W i )

‘I C C —  9

it e ‘-.‘~‘ a t s ’i’ ii - .
‘ 3 0 . 00 1

, -x ic A 0 . 1/ 0.50,

C 0 . 10 0 . 0 0 1

i C C — b

S i t t - Wa t e n ’ 0 . .‘ 1 :1

2’3’~- C s- s i c  :1 - .‘7 0

‘1 C C - i - :

I S ;  t o  ‘ ‘ a L e t ’  0 .  15 0

.‘ O ’ ~ C x15 ’ 
— 

0. / 9 $  0 . 0 0 . ’ 
____-

A m l  1 , i t ’ ti t’epl s ’ i  I t ’ s ; .

Mt - ’ in  and  s ; t , r s r ~! , i r  ‘~~! dt -v I a Li en c~i l~ ’ t t l , i I t~d I t oni I a i p 1 iea  i s ’ , i t i , t  I v s s t ’ r ;
e t  ‘ ‘S i t ’ s ;a lnp Ia.’ —

imi ’  i t ’ r s  i,’s ’ ties ’ I stat Ii t ’p I s ’ n t t s e a ‘20 -

i ’ s / I

- , .~TITII’~~ - -



C r’gan i c ‘otn t 1s 5 ” u r r d  s

A i~ ps’i’ s’s’rrt o I  u t r i  a t e  t s ’s;t war, n u l l  on s m n s l l t’sS I rons
‘I ’ e x , i s  Ci lv  S i t S  1. F igure  l0 ’2A sinew: ;  r e so l u t i o n  ci ’ 31 I m P ::

‘s ir t he  I C  ohirom i I ct ’rams; ot  TCC— 1 sd I men t  . A i d r i  n pp ‘ I)PT

l i5 , ’ lj r i  n, lindatr~’ , and I’CB s were  ~~ t ,~ ’c t 5 ’d iii the s~’d i men t

I S o  I’C i~ val u e  of  74  ‘2 6 t i i ’, / Re, is  O i l s ’ o t ’ t In ’ ’ S I ghs’sl: n’ ~~I I r ot - li t

c o n c e n t rat i o n s  f o u nd  in t h i s  st u dy . Tin s could  t o  dii ’ ’ i o a

possible point Sen t  rn ’e d t sch~~r ’~ , s ’ -

S ix t o e t i  of t h e  p e a k s  j ’i’t’ss’flt in I !:~“ :;e d I l f l s ’- f l t  W i - I ’ s ’

do t o o  t ’ o5 t  in t h e  w i t  or ’  samp le (F i e , ni i ’ e  102 B) . The s - i o t ~” c h l c i’ —

m a ted  h r v d t ’~’car ’ l ” ~” n i s  d e t e c t e d  in the  se~l i p ’ s’nt wi - i 0 s1~~t s ’oti ’d i n s

tint~ wa It -n , but  cn r l v  t h e  ildi’ I n concentr’at i o n  w i n ’s a bo ve  I i n ”

d e te c t i o n  l i m i t .

The p r - ~s t  i i e  01 e l ’ g’t f l ,ic i ’ e n ’ s i , I n i o  o t  t in e  e l ut i ’ i i t e

sh ows I i v e  p e a k s  in add i I i on  1 o t I r e  16 p eaks  de toot 5”d ~ ii t h e

Wa t t i ” . i l t ’ no i-a I iv , t hi -’ m a g n i t u d e  o t t hese  pea P s’s s h i  
~
‘, h i s ’i’

t h a n t ha t of  the ra t s - i ’ , in d i c a t i ng  a t e n d e n cy  for’ me lease of

o r’~~ m i i  i c t cs id t r en ;  . ‘I’ , i I ” l  o 30 5  lists the l’s’ 1 a t  iw o  ro t :o sit  ion

t ime  cc i - t o lat  ion v, - n lil t ’s ci  seLl  I s n o u t  , water , and e ln i t i ’ i  at e

~I~”r i v e~I f r o m  Fi~-,ur e 107’ .

The concen t  t o m  t l o i n s  of  c hlo r i n a ted  h in d i’ s ’carbor i  p e s —

t ic i d es  ar r d  PCBs are p r ese n t e d  in Table  3 0 6 .  The oi l  and

~i r’ease of  the se dj r n e n t  C 304  n n g / k g )  r : ;  in a low c o n r c ~’r r t r a t ~ on

i’ ing ’.’ , w h i c h  would  i ,n d i c , i t s - ,i l ow  a f f i n i ty  I s ’I seal”! i o n  0!

FCPs  ~r t r ~t c h l ot ’i na  L~~s l hy dr o~- i t ’ t ’ sor i  pest  i d  dos .  The i ’ e n su l t s

o f  the elutriati’ test show a l ’ s” l t ’, lS t ’ of  i i , i n s l t n n , ’ , ~1l t h i ’ i r l , , m n d

PCIIs.

A 70 percent clin t t’i ate was ruin on s5’Imp ls ’s from

Texas C i t y  S i te  4 . The p r o f il e  of organ i o  re si d i r t ’s on the

EC chr om5’ntograms ot ’ the s e d i m e n t  and w a t s ’i’ showed  o s r ’s e nt  I a l ly

the same t in igei ’pr  I n t ’ s d e t e c t  ed in the  T C C — l  s ed i men t  and

Wcl t o t ’  : 5 ,  im p i cs  (F i gu re  102 ) . The Id’ chroma t s’sgrams ci  t h e

c l u t ri  ate showed significant release I o n ’  most of t he  p e ak s

s h e  ta’s -ti-C in the scsi inr ent

5 11 ~



A .  5 m1 Sedime i r t  Ex t r a c t ,
Su l f u r  Removed

Total Volume : 1.0 ml - 13 g

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

b. 5 ‘41 Raw W a t e r  E x t r a c t
Su l f u r  Removed

— 

~~~~~ ~~~~~~~~ 5~~ 

ta l V o l u m e : 1 .0  nil — 3 L

C. 5 : 1  E l u t r l a t e  E x t r a c t
Su l fu r  Removed

To ta l V o l u m e : 1 . 0  ml 3 1

~~~~~~
‘iO~~I I3

I~~~~ I7 

- -

~~~~~~~~~~~~~

Reten t i o n Tin i e (m m )
F I g u r e  1 02

P r o f i l e  o f  O r g a n i c  R e s i d u e s  on EC Chroma togr ams : Texas C i t ~C h a n n e l  S i t e  I S e d i m e n t , W a t e r  and E l u t r i a t e

is 9’!



Table 3 0 5

Relative Retention Correlation Data:
Texas City Site 1 Elutriate Test

Peak Organic X R
Number  Compound mm r Sediment Water E lu t r i a t e

1 Lindane 18 0.22 VI /,/ N
2 23 0.28 / / /
3 25 0 . 3 0  / V
14 28 0.33 V / /
5 32 0.39 / /
6 36 0.43 / 1 1
7 39 0.47 V /
8 ‘41 0. 49 / / /
9 46 0.55 V V /

10 51 0.61 V p1 /
11 56 0.67 / V V
12 60 0.72 V V V
13 66 0.78 1 V /
14 73 0.87 V V V
15 Aldrin 83 1.00 IV 1/ /1
16 86 l.0’4 V V V
17 95 1.114 V
18 103 1.27 1 / V
19 120 1 . 1 4 5  V /
20 1314 1.61 V I
21 152 1.83 V ,1
22 Dieldrin 169 2.014 IV
23 177 2.13 V
24 197 2.37 V V
25 209 2.52 1
2 6 pp ’DDT 2314 2.81 VI VI .1.!
27 255 3.07 V
28 280 3.37 1
29 295 3.55 /
30 311 3.75 V
31 356 ~4 . 2 9  I

/ Compound indicated on one column .
p1/ Compound indicated on two columns .
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Table 306

Data for Organic Compounds and Related Parameters:

Texas City Site 1 Elutriate Test

Parameter Sediment Water Elutriate

(ug/k g) (ng /1) (ng/l)

Chlorinated Hydrocarbon s:

Aidrin 3. 14 1.’4 3.6

op ’DDT <1.6 <3.0 < 3.0

pp ’DDT 8. ’4 < 3.0 * < 3 .0*

op ’DDD < 2 .0 <2.0 <2.0

pp ’DDD <2.0 < 2.0 <2.0

op ’ DDE <1. ’4 < 2.0 <2.0

pp ’ DDE <1. ’4 <2. 0 <2.0

Dield r in  2 . 7  < 1 . 2 *  < 1 .2 *

Endosulfan I < 0 9  <1.2 < 1 2

Endosulfan Il < 3 . 4 < ‘4 . 4  < ‘ 4 • 14

Endrin < 1.2 < 1.6 <1.6

J-i~-ptach1or < 0.3 < 0 . 14 <0.4

Lindane 1. 0  < 0 . 3 k  1. 5

PCBs 7426 130 150

Other Organic Compounds

011 and Grease 304 mg/kg NT NT

Total Organic Ca rbon NT NT NT

Total  Inorganic  Carbon 1 . 8 %  NT NT

~Compound indicated on two columns , but below detect ion l i m i t .
NT not tested.
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Measurable a m o u n t s  of a i d r i n , pp t DDT , pp ’ DDE , u n -

dane , and PCBs were detected in the sediment. Onl y lindane ,

aldrin , and PCBs were detected in the water. In the elutri-

ate there was re lease  of aidrin , pp ’ DDT , pp ’ DDE , lindane ,

and PCBs.

Table 307 presents the results of the organic  anal-
yses .  The qua l i ty  of the  sediment  in terms of pen -cen t  t o ta l
carbon and oil and grease content was comparable to that of
the TCC-l sediment . The concentrations of chlorinated htydro-

carbon pesticides were similar to those in the Site 1 sedi-

ment , excep t that dieldrin was not detected.  The value of
PCBs (3010 h g/kg) was less than half of the value reported

for the TCC-l sample .

The water contained aldrin, lindane , and PCBs at
concentrations of 1.4 and 1.0 and 52 ng/l , respectively .
Release  was foun d in the  e l u t r i a t e .  C o n c e n t r a t i o n s  of aidr in

(8.9 ng/1), pp ’DDE (5.6 ng/l), lin dane (1.6 ng/l), and PCBs
(9619 ng/l) were higher than those found in the water. The

PCB release was one of the largest releases found in this

s tudy.

Bioassays
Elutriates of sediment from each Texas City site

and US EPA Recons t i tu ted  Sea Water 22 were used in a series

of bioassays. Table 308, which presents the characteristics

of the bioassay elutriates of Texas City Site 1 sediments ,
shows that the total anirnonium nitrogen content for the 20

percent sediment test was approximately 7 mg N/i , of which

approximately 0 .47 mg/i was unionized ammonia. In addi t ion ,
there were decreases in the D.O. and specific conductance

700

- ~~-=~
_ _ i

~~
—- ’ 

,, 

- - . - 

~~
—- . , ,



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Table 307

Data for Organic Compounds: Texas City

Site ‘4 Elutriate Tests

Parameter Sediment Wate r  Elutr ia te

(‘i~g / k g)  (n g / l )  (n g / l )

Chlorinated H ydrocarbons:
Aldrin 2 . 6  1 . 1 4  8 . 9
op ’DDT <1. 6 <3 .0 <3. 0

pp ’DDT 6.2 <3.0 12.0

op ’D DD <1.4 <~~~0 <2.0

pp ’DDD <1.’4 <2. 0 <2.0

op ’ DDE < l 4  <2 .0 <2.0

pp ’DDE 3.3 <2.0 5.6

F~ieldrin 
<0.8 <1.2 <1.2

Endosulfan I <0.9 <1.2 < 1.2

Erndosulfan II <~~~~~ <4~~L4

Endrin <1.2 <1.6 <1.6

Ht- s’~~,~chlor <0.3 <0.4 <0.4

Lindane 0.4 1.0 1.6

PCBs 3010 52 9519

Other_O~~~~nic Cor~pounds

Oil and Grease 533 mg/kg 0.92 mg/l 147 mg/i

Tota l  Organic  Carbon 0 . 8  ~i’ NT NT

Total Inorganic Carbon 1.5 ~o NT NT

NT — r id t e s t ed
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and increases in turbidity. The decreases in specific con-

ductance reflect the lowe r salinity periodically found in a
system a f f ec t ed  by f luctuat ions  in seasonal r a in fa l l .  Table
309 shows manganese concentrations over 100 mg/i in the 5

p ercent  sediment  t e s t  and lowe r c o n c e n t r a t i o n s  in the  10 and
20 percent tests. Small amounts of iron were released ,

while mercury and chromium were removed. Other metals moni-

tored showed no statistically sign i f i cant change s .
Table 310 presents the results of the 96-hour

bioassay on P. puglo in these elutriates. Examination of the

data shows that no toxicity to P. ~-ug lo was found for the 5

and 10 percent sediment elutriates .  Ten perc ent toxicity was
observed after 24 hours and 20 percent toxicity after 36

hours for the 20 percent sediment elutriat es.
The chemical characteris t ics , heavy metal , and bio-

assay results fo r  Texas City Site 2 bioassay elutriates are

presented in Tables 311 , 3 12 , and 313 , respectively . The

chemical changes were similar to those observed for TCC Site

1 elutriates (Table 308 ), except that total ar.’mon i ’~m nitro-

gen concentratioi~s were considerably lower. Heavy metal

behavior was also comparable to that found f or  the Site 1

bioassay elutriates. Site 2 sedi :ieitt~
; showed limited toxicity

(10 to 20 percent mortality ) to P. ~ ug ic.

Tables 3l~4 and 315 show that Texas City Site 3 elu-

triates were similar to those of Site 1 in Poth -c

physiochemical ~~iranieters and he,ivv metals , except that

manganese wa~ higher with 20 percent s ed i m e n t  tests than in

the 5 percent sediment tests. I’ox i c i tv  results for Site 3

e l u tr i a t e s  (Table  316) were also s i m i l a r  in t h a t  ther was

limited toxicity (10 t~~ 20 percent mortalli\’) to F. j Uf,’LO .
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Texas City Hopper Dred&e

In the Texas Ci ty Chann el , dredging was begun
imniediately as the hopper dredge entered the Texas City Chan-

nel T u r n i n g  Basin ( ‘I’ 40 ’CTB) - The sidearms were lowered , and
the dredged ma te r i a l  was pumped through them and back to the
rear of the hopper through the two exit ports. Approximately

90 percent  of the mate r ia l  entered the hopper this way ,  wi th
the remaining  10 per cent  en t e r ing  as a spray o f f  the main
c o n d u i t .

‘rhe dredging cont inued  for the length of the tu rn-
ing bas in .  At t h a t  point , the  sidearms were raised out  of
the sed iment , and the  dred ge was t u rned  back toward the en-
t rance of the  tu r i l i i l g  basi,i  The sidearms were again lowered
into  the  s ed i m e n t  and dred g ing was recommenced This pro—
ced ur e was co n t in ued un t il the  ca p ta in dec ided t h a t  t he hoppe r
was f u ll

Ati o v e r f l o w  s y s t e m  was used d u r i ng  dredging opera-
tions. Before dredg ing, t h e  hopper had con ta ined  several
feet  of r e s i d u a l  w a t e r  which  had e i t h e r  been t rapped  when the

hoppe r doors c lo se d  d u r i n g  a pr ev ious  dump or had seeped i n t o
the hoppe r w h i le the  dr ed ge was in t r ans i t . Dur ing  dred g ing ,
some ‘ I ’CC’i ’B w a t e r  e n t e r e d  t h e  hopper  when t h e  sidearms were
raised at each t urn  of t h e  d redging run . As the hopper  f i l l e d ,
the solid m a t e r i a l  t ended  to  s e t t l e  to the  b o t tom , and

a p p a r e n t l y ,  as a normal pr ocedure , an ove r f low syst em d i s —
charged the su i ’ c I ’ t l , a t a n t  w a t e r  via ports  on both )  s ides ot  t he

dred ge. ‘I’his pr o c e d u r e  w 5is  a ppa ren t l y  c ont in u o u s  -
‘I’he in take  in to  the hopper  of the  dredge M c F a r lan d

was sampled ill Oc t o b t’r , 1 0 /5  dur ing  d r e d g i n g  o l ’5 eus l t ions i t t

the TCCTB , Table 3.”! pr e s e n t s  percent  s et t l e~~hlc sol ids c _ l ,,ita
for the thr ee  dred g ing runs  in the  t urn in g  b asin  - 1’ i 4 ’, u re 103

shows the h i g h e s t  overa l l  var i~~h i li t y  for  Run  1. Read ing s
f l u c t u a t e d , rang ing f rom < 9  to 100 pei ’c eiit  - In b o t h -i r u n s .

7 2 3
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Table 327

‘ i ’ r ’ 4 - ” ’n t  ~‘‘t t i e , s h ’ l t ’ S o l i d s :  Te xas C i t y  Hoppe r Dred ge Samples

in) ’,
‘ . ‘ l t  io t l  ,s n51 T j nis ’ Samp le ‘ C, ’ r ’ c e t i t

( 1 1 7 5 )  ( h i ’  :m i n )  Sout -’ce * Se t tl e ab l e  So l ids

‘ ‘ t ’  ~: I : 0 2 - D r ’ e c _ I s’,ing  Began .

~~( C tl I ~ :0~’ D 90

9 : 0 7  13
13 22

~~~12 D 10

9 : 17  D 142

13 14

9 : 2 7  S 9
9 : 3 0  0 1

9:33 D 94

13 100
S 2 4 )

9 : 4 7 — D r e c _ I g i r i g  St op pe d .
10:.’l S 2 2
11:, ’4 S 15

2
(I’ e x , I C C C i ty  14 :31  Dred g ing  Began .
Dump N o - I

1 4 : 3 3  D 94

0 0 . 8
14 :39  D 19
1 4: 5 0  S
14 :5 2  0 33
14 : 5 5  0 13
1 5 : 0 2  13 12
15 t O G  D 30

15 :06-Dredg ing Stopped .

l5 :2’4 S 31
S 10

1 0 : 2 2  S 21

(Continued ~
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Table  3 , 7  (Conc luded)

~ ~ ‘ 4-h ~‘, it
‘, , ‘ c_ ’ ,it ion ,sod Time Samp le Percen t
v- (1I’S ) (hr’ :min) Source * Settleable Solids

‘ i 10:

7 :15 —Dred ~ i t i c ’, Began .
1 7 : 2 1  13 9

(‘i’ t ’x,l:; C i t y  
7:30 13

Poirn:’  ,L-  - - )
7 : 3 3  0 6

7 : 38 S

7:4.’ 13 41

7:45 0 11

7 :4 5 -D r e d g ing Stopped .
7 : 5 1  13 2 8  p

7 : 5 7  D 20
8 : 0 1  S 9

8 : 3 7  S 8

S h

10:13 S 13

51 c , ‘
~~ 

, 
~‘ i ( C ) ’ :‘ur~ ’ d i S Ch I  i ’ g t ’

0_ I z - ‘ ,‘ ‘~~ 
‘ j ~)3,,.’

S v - s  4 )1,1 t C l o t

i t  t ,n’ ths ,’ i n i t ia l  h i gh t ’ c v - d i t o g ,  t h e  r ’eadings dropped o f f  and
S t Jl , ’ed UC L c -w t ) i c  35 ~‘c i ’c c t i t  le vel  -

‘Shcc _ o d a t  I f i ’ c ’ T C C  t h e  d redg ing  l oi n Ofl October  10 are
. ‘( ‘ ~~ ,0 C,O t 0 t s ’~~l L :o Fi 4 -,si 1,O 100) . I ’ s ,’l’  t h i s  1”c _ C I C , t he  m ax i m u m  (41  per—

~s a c _ ;  f c _~ ,n:d ii:  a sampl e  t a k e n  27  n C i i 0 0 1 t c C ;  a t t e t ’  d redg ing
d i e - h’ i : .g  c_ -c , ised , C O c t t l e 4 - i t ’ l e  sol ids  in the

~;U ~ ) ‘ C ’ t C 5 l t , i C : t  !‘ - i C ’ c’ , t t ’ c ’ I C ,  U t o  13 L’ r c _ ’ c t :t  -

lie 11105 t 1 l C , ~~’ c, ’ t ’  tan t cone  1,::; i o i~ I 1 03 C C hopp e x ’ s amp l ing
40 ,1 t n c _ ’ ,C ’ ,’ :; tern is ni ‘,h ly var i , C t ’  I c  d u r i ng  01 c c_ I ing  - This
C C  111040 t l ike £ V dl: , ’ to t h e  va i’ ah iii t v i t t  t h e  c_ ’oti to ul’s of  t h e
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channe l  f loor  be ing  dredged.  Since the bot tom is not level ,
t h e  amoun t  of sed iment  t aken  up var ies as the hopper arm
:::uv e s  t t i t ’~~ugh sed iment  at a f i x e d  depth .  There was a general
trend i c _ i ’  t he  p e r c e n t  se ttleab le solids to decrease during

Jred g iu i ~ , and s t ab i l i ze  a f t e r  dredging ceased.

heavy M e t a l s

During Run 1 on Oc tober  9 , the hopper was sampled
f rom  1 : 0 2  to 11 :24 ;  r e s u l t s  of heavy metals  analyses are shown
in Table 3 2 8 .  The meta l  concentrat ions in the hopper were

c_: cnopa t ’ aP le  to ambient  l eve ls .  The except ion was manganese , of
which c o n c e n t r a t i o n s  var ied from 138 to 3 , 710 p g/ i .  The early
samples , co l l e c t ed  while d redg ing  was in progress , showed
hi gher manganese concentrations than samples collected after
U i c  U g it -

From 14:33 to 16:42 that day another dredging opera- p

tic:: was m o n i t o r e d .  A ga i n , only manganese concentrations

cx~~e~~ded a m b i e n t  l eve l s .  As Table 32 1 shows , manganese ranged

f~’or, . t O O  to  700 p g / i , which is low compared to levels  in

sa::t p lcs t a k e n  from the  hopper .
‘I’able 330 shows the results of analyses of samples

co l l ec t ed  dur ing Run 1 on Oc tobe r  10. As before , only man-

was si g n i f i c a n t l y  re leased in the  hopper samples.

Leve l s  were found  to range from 129 to 2 , 2 2 0  pg / i .  Another

o ve r i l o w  sample was collected and showed a soluble manganese

c o n cen t r a ti o n  of 200 pg/l. As in the previous operation , the

ove~’flow concentration of manganese was generally lower than

the  concen t r a t i ons  observed in the hopper samples.
The hopper dredge s tud ies  indica te  the ability of

the  eluti’i ,ite test to qualitatively predict release of heavy

metals. The eluti’iate test did seem to overestimate the mag-

f l i t u c _ l e  ot the manganese re lease .  T h e  concentrations of soluble
0 4 0 I t i , ’, , I I i O C ; e  on. o cr v c d  in the e l u t r i a t e  were generally much higher
than those t yp ica l ly  found in the hopper samples.
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The variabili ty of concentrations of solu ble metals
associated with the s edimen t fro m the TCCTB in the hopper was
similar to that seen in the Galveston dredging runs .  Manga-
nese concentrat ions vari ed widely in all three Texas City
runs. In the analyses for Run 1 on October 9 (Table 328),
the coefficients of variation ranged from 20.0 percent

(cadmium ) to 135.6 percent (manganese), The V ’s for the
second and third Texas City dredging runs ranged from 13.0

(nickel) to 128.2 percent (iron) and from 11.0 (nickel)  to
131.7 percent (manganese). No attempt was made to separate
supernatant and overflow samples from dredged material dis-
charge samples for statistical analyses because metals con-
centrations were generally in the same range regardless of
the sample source.

Nitroge n Compounds
Hopper dredge samples collected during the Texas

City Channel dredging were analyzed for ammonium . The resul ts

are presented in Table 331. The concentrations observed

were much higher than those found in the samples collected in Ilate August. Very high concen trations wer e ob served in the
samples collected from the pump discharge . A graphical
representation of ainmonium concentrations versus percent

settleable solids (Figure 105) shows them to have a high
posi:ive correlation (r 0.87). The ammonium concentrations

increased s teadily wi th increased percent settleable solids.

Phosphor us Compounds
Concentrations of soluble orthophosphate found in

hopper dredge samples connected with dredging runs in the

TCCTB are presented in Table 332. Concentrations in the

pump d isch arge mat erial during the first dred ging run ranged 0

from 0.10 to 0.’45 mg P11; they appeared to decrease and then

increase with time . The hopper supernatant concentrations

were generally at the lower end of the range found in the dis-

charge material and fluctuated seemingly without pattern.
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Table 33 1
Ammonium Concentrations: Texas City

Hopper Dred&e Sc_tnipi es

Dredging Time Amnionium (mg N / i )
Locat ion  and ( h r : m i n)  

SDDate (1975)

October 9: 9:02 — Dredging began.

Run 1 9:0.’ 104 2.5

9:07 107 1.4

9 : 12  10.0 0 . 7

9 : 12  t~.8  L I

9:17 2 7 . 5  1.4

9 : 2 2  13 .0  0

‘~ ; 2 ’J 10..’ 0.11

0 :  31) 1 - 14 ~ _ ‘

9 : 3 3  7 5 . 1  3 . 4

9:413 0 2 . 5

2-- : II ’? — Dr e d g i ng  :It oi ’pe d .

0 : 4 /  10. 1)  0 . 1

lt) : .‘i .1 - 5 1). ‘1

11 : 24  ,‘5 - 1’ 0 .  ‘1

1 1 : . 4 — t t i i i noii i t  o t ’ c c _ I  ¼ I t L I t I p
~¼’ ¼ ’ 411 ‘l”C c _ I .

Ill : 3 1 — l ) S ~~S , IC ’, I I C ’, l’t’i ’,,lI l —

I ’hitt 2 , 1 4 : 3 3  ‘15 .0  5 . 3
~ ‘iC C Dump N o .  I )  i : 31’ 1 - -

‘ 11 .

14 :  31 15 . S i i —

4 : 5 0 1 7 - 0 0 - ‘1

14 : 5 2  j I _ 1 l 1 .4

1, 14 : S b  1) - 13 0 .

15:11 2 12 . 5  1 3 . 4

15: U i ’  1 5 . 2  1 3 . 11

l t C  :131 ’  — ‘ t ’~ ’~~l~ ’, i t ig : ; t  ¼ ’IT¼ ’¼I -

L 

( C o i i  t L I l I l t ’ c _ I  )

‘1, 1 ,- i

--- -
~~~~ 

-—--~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~



-

‘1~ tt ’ Lt~ ,13 1 ( i o t t c _ ’ ,I ti c _ l ed)

I ~re 51g i i  t i ’, ‘1’ i. lI l t ’ AmltlL ’Il i uni ( mg N / I
1,oc _ ’a t o ll  a n c _ 1  ( h i ’ :  l i l i l l  )

( L I ’ S ) ‘ ‘C

I S : _ ‘II ,‘ t ’  - 13 1 — 4

I t ’ : ! .’ .‘ l , . .’

11’ : II ,‘ 3 $ _ ‘ 13 — 
C I

I t s : 4 $  — i 1 t1 l i 4~ O C c _ ’tli’ !’ t ’ c _ I -

c_~~s~’ t 0I’ s ’ - I i )

K I L n  1 ‘1 : 15 — 1 1 1’ s ’ c_ h’, i 1 15, I ’ s ’ s ’, , L I I .

( ‘ i c _ C  1 1 41n1 1’ N~ ’ - .‘ ) ‘ :2 1 1  1 1 . 2

‘1 : 3 0  3 1 . 5 • 4

‘1 :  “1 .‘ . .‘ 11 . 5 5

‘/ : 4 . ’ I t , . .’ 0 4

‘ :4 5  . 11. 11 1. 11

‘1: L i t , — l~ j~t~ c _ l t ’ i 14’, t 5 ’1’l’ t ’ ’~t —

S t _ i) ~1. 1l

7 : ~ ‘1 7 ‘I — 5 13 — 
‘/

0 1 1 — 2 — 4

5 :3 /  $ 5 _ i’ 5 _ i

‘1 : 1 1  l I _ t U . ’)

L1~: 1 3 .
‘ 

— 13 1) , II

1. 1) : I’t — I) u il t I’  c_ ’s ’c_ ’i1t’t ’ t c _ l —

Mean and t ; t 5u1c_iard Sit ’ V iat ion ~‘a icula t cc _ I  f rom dup i i t ’a t t ’
t l y  t ;~~’
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Table 33 ?

Soluble Orthophosphate Concentrations:

Texas City h opper Dredge Samples

Dredg ing  ‘l ’ime Sample Soluble Ortho P
1.oc_ ’a I ion and (h r s  : m i l l )  Source * (mg P / 1

I) at e ( l 9 ’/ h )  
X SD

0~~tobc_ ’ i ’  I: 9 : 0 2  — Dredging began .

K U II  I 9 : 0 2  D 0 . 4 5  0

9 : 0 7  D 0 , 2 5  0 . 0 0 1

0 : 12  [‘1 0 .10  0 . 0 0 1

9 : 12  1) — —

9:17 D — —

9 : 2 2  D — —

9 : 2 7  5 0.068 0

9 : 3 0  0 0 . 2 3  0 . 0 0 1

9:33 D 0.38 1)

9 : 4 0  D 0 . 3 8  0 . 0 0 2

9 : 147 S 0.11 0.001

9:47 - Dredging stopped.

10:21  S 0 . 2 5  0 . 0 0 1

11:24 S 0.16 0.001

Run 2 14:31 - Dredging began .
(‘I’C C Dump No.  2 )  1 4 : 3 3  D 0.38 0.001

1’4:36 0 — —

14:39 D 0.22 0.001

14:50 S 0.052 0.001

14:52 D 0.13 0

14:55 0 0.25 0

15:02 D 0.056 0

15:06 D 0.15 0.002

15:06 - Dredging stopped.

15:24 S 0.14 0.001

(Continued)
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‘i’ at’le 33.’ (Concluded)

,l’ c_ ’c _ I ) ’, i t t s ’, ‘l ime Sample ~olul ’  i t ’ O i l  I to  P
i ,oc_ ’•i t ~ c_ ’ii and (lu’s : miii ) Source ( mg I ’ l l)

D a t e  ( 117 5)  
X SD

l 1 : 1 2  S 0 .18  0 . 0 0 1

ll’ : ’12 5 0 1 4  Li

t O

Run 1 7 : 15 — Dred g ing  he gc_ln .
( ‘ ‘ ‘ C L ’ Dw’u~ N ‘‘ I - - / : 2 4  1) 0 . 2 0  0 . 0 0 1

7 : 3 0  P 0 . 2 0  0 . 0 1 0

7 : 3 3  0 — —
7 : 3 8  S 0 . l o  0

‘ / : 4 2  P 0 . 17  0 . 0 0 1

‘/ : 4 5  0 0 . 18  1 3 . 0 0 1

7 : 4 5  — Dred g ing s topped .

8 : 0 1  S Q $ 14 13

8 : 3 7  S 0 .16  0 . 0 0 1

0:11 S — —

10:13 S 0 .19  0 . 0 0 . ’

Nlean and standard deviation calculated from duplicate analy-
SCS ot ~ one samp le .

— Dredging pump discharge
0 O v e r f l o w
S — i~u p e r n at an t

Run $ samp les were collected f r om ma te ri al dumped

d u r i n g  Texas C i t y  Dump No.  1. The soluble o r t h o p h o s p h at e

c on c e n tr at i o n s  in dredging pump discharge dur ing  dred g ing
for Texas C i ty  Dump No.  1 ranged from 0 . 0 5 2  (a t  14 : 5 0)  to
0 . 3 8  mh; P / i  (a t  l’- l : 33 )  and ge nerally ap pear ed to dec rease

w i t h  t ime . Concentrat ions in the superna tan t  a f t e r  the di’ed g it i g

had ceased ( 15:2 ’l  to 1 6 :4 2 )  ranged from 0 . 14  to 0 . 1 8  mg P / i .
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D u r i ng  d r edg ing  on Oc tober ’  10 f o r  1 C C  Dump No . 2

the soluble or’thop ltc _ s sphate conLeIltr’at ions in th e dredging

pump d i scharge  ranged f rom 0 1 7  to 0.20 mg P/i , again show-

ing a pattern ot  decr ea s i n g  c o n c e n t r a t i o n  w i t h  t ime . A f t e r

dredging ceased , the s u pe i ’n at a n t  co nc e n t ri t  i On  Wa S 0 . 2 4  m~ , 1,/ i

(at 8:01). ‘l’he water level in the  h opper  dropped  abou t  1’

feet after the  8 :01 saml’ l  lu g ;  h l o h i e x ’  c c _ ’n c e n t x ’5 it ions  t h e n  wer e

0.16 and 0.19 rug l’/i.

The ~‘,e i ier a 1  I’a I I cr11 of  cL’t l c en t r dt  ions in the

dredging pump d i s c har g e  :;ct ’med to i, ’e one of decreasing coli-

cen t r a tio i i  w i th  t ime . In ) ‘, c :Lera l , t h e  f i r s t  f ew  so lub le

ortho P c o n c e nt r dt i c_ ’i i s  iii t h e  pump d i scharge  appeared to de-
crease w i t h  each sub s e c_~u e n t  dredging rwt ; t he  i n i t i a l  C o i l—

cen t ra t ion  dur ing  the f i r s t  dredging run  was greater  than
that of the second , whi ch in t u r n  wa~; gr e a t e r  than the Texas
Ci ty  Dump N o. 2 dredging run .  C o n c e n t r a t i o n s  found in the
dredging pump discharge and s u p er na t a n t  du r ing  these dred ging
operations were generally highe 5 ’ (by  a factor  of about 10)
than those found dur ing  GI3LC dredg in g .  ‘l’he phosphorus con-
centrat ions of the TCCTB sed iments  were also greater  than
those of the GBEC sed imen t s .

Texas City Channel Disposal Opera t ions
In October 1975 , Lee et a l.31 monitored two disposal

operations in which sediment  dred ged f rom t he TCCTB wa s dumped

near Buoy B (located dbout 500 meters  from Buoy B) in the GBE C
Disposal Site.  Both sampl ing ~ nd disposal  s i tes  can be found
in Figure 19 - Al though two oper a t ions  were s tudied , only
one (Dump No. 2 )  provided the data  needed for a comparison of
elu t r ia te  test  resu l t s  w i t h  those of the  disposal opera t ion .
The resul ts  of tha t  operat ion , taken from Lee et a1.~~ are
presented below.
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Texas Ci ty Dump No. 2

Texas City Channel Dump No.  2 occurred at 10:14 on
October 10 , 1975. The sur face  tu rb id  plume arr ived at 10:18
and passed at 10:21. Disposal  occurred approximate ly  40
meters o f f  the bow of the sampl ing vessel.  The current read-

ings were 0 .1  knots  ( 5  c m / s e c)  and 0 . 2  knots  (10 cm/sec)  in
surface  and bottom waters , r e spec t ive ly .  Approximately 765

cubic yards of material was dumped.
Optical properties. Figure 106 presents percent

t ransmiss ion data from the second Texas City disposal opera-
t ion . The suspended material was present at each depth mon-

itored; the turbid plume took 4, 5 , and 3 minutes to reach

the sampling vessel at surface , mid— , and bottom depths ,

respectively. Turbidity at the 10 meter depth gradually

began to increase 16 minutes after disposal and persisted

for ’ over an h o u r .  Secchi dep ths  were recorded at 9 : 2 2

(prior to d i sposa l)  and 2 2  m inu te s  a f t e r  Texas Ci ty  Dump No.
2 .  The initial Secch i  d e p t h  was 3.0 meters ; after disposal

it was 2 .~~ me te r s .

Dissolved oxygen. Figure 107 shows t ha t  D . 0 .  de-
creased at 2 and 10 m e t e r s  j u s t  a f t e r  the second Texas C i ty

dump . At the other d e p t h s  t he re  was no de t e c t a b l e  change

in the P.O. levels. The c o n c e n t r a t i o n  at the  2 m e t e r  de p t h

returned to pre-disposal level minutes after disposal , while

a t the  10 meter dep th  it s t a y e d  below the p re-d i sposa l  lev e l .

Readings were t aken  only twice at the 9 m e t e r  dep th

and are not dep icted on the f i g u r e . At 1 0 : 0 7  t h e  r e a d i ng  was

6 . 9  mg/ l  at 9 meter ’s .  At 11:07 it  was found  to be 5 . 5  in1’, / l .

Dissolved oxygen levels  at 10 meters  at tl ’iose t imes were 5 . 2
and 4 . 6  mg/ i , r e s p e c t i vel y .  These readings  i n d i cat e  t h a t

deple t ion  of oxygen occurs  in t h e  bottom two meters of t he

water column .

Heavy metals. Analytical results for heavy metals

are presented in ‘l’ahle 333 - W i t h  the  e x c e p t ion  of n i c k e l,

7 3 9
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C t  3 ::, e t~~’~~’o :-,‘ Cs ‘. , 3  ~, ‘/ 1  - _ a e s e  v l l a a ” s \~ a , T1 ‘ 4 ’

t ; ~e cor C Ct I ’ dt O I T  l d , ’CS ot  t : i e ~;e r : ,et als : :i’~~n~’ t a U T

a,1Ca,: , ITT t ; i e se  S d ta t I a ,,’S ~-c~’e not  t~~ J-~c: C I T  tIle t a C t  C C

U t  US  s C o o t e d  t , i , I t  t a t ,’ C U , a ’ a  \ ‘dC~ ,C S \c C I’e C IsC t O  CO t a ,

c~~~~I’i:’a a ;  co l l cc tl :, or I a ~1: ,J1 i C , ’

U,tro1,,,CC oor:ip ounds . a t - , ~ 
1 s ’IC ’ C’ C

t C a ,’ C ’ S  I t ’ s O~ a,T ’ Y - ’ , :!a’c ~1TC - , , ’ : , : ’ C” -. C 1 I l d T \ ’~ C 5 ’S o ”

- 2 san~’1cs . In  F i . u r a ,’ 108 a, j I , CTCICI ’. Ca,T ’ C C e t I ’~~ t i o n s

5Cc a, -~~ C ’ , t e U  a g a i ;a s t  t ime . R el e a s e  of a,i:: t ion1a ,c ,~ i:: “~he b - - t t o m

w i t e r  was C’bse l’veu , I at  t h e  ca ,Tnce : lt r at ic - l ’as ]~fl t C~~ over ly :ng

w at e r ’  l ’C I S d i i U e d  b e . ow  0 . 0 5  m~ h / l  e x c e p t  for  CCC SSITTIC1C c a C T I  01

s u r f a c e  ant :  m i d — ~le : ’t i l  w a t e~ - From the  t~i~~ui~e , it apPeal ’s t h a t

a st~t ’ ti s t i ca l1v  s i 4 ~n i fj c~n~t amount  ( 1 . 36  mg N / i)  of d i t J’ : o I Iid m

was p re s e n t  in the wa te r ’  at 1 0 : 1 5 : 5 0 .  However , th is c c n c e : r —

t r a t i o n  p e r s i s t e d  at t h e  samp l i n g  ic ’ca ta a ,’n to:’ less  than  one

n i f l u te .  C r ’ g a l r ’T U a C  N was ap p a r e n t ly  re l eased  in t h e  b o t t o m  wa te r s

as a r e su l t  of the  d isp o s a l  opera t ion  but  r e t u r n e d  to a mb i e n t
, a , C V C I S  a, 3 rCl ia i i,es a f t e r  the  s u r f a c e  t u r b i d  plume a r r i v e d  a,it

the  samp ling loca t ion .  In the s u r f a c e  and m i d — d e p t h  wa t e r , no

d i s c e r n i b l e  p a t t e r n  could  he o bs e r v e d .

Phosphorus  compounds .  C o n c e n t r a t io n s  of s o l ub l e

or thophospha te  are presented  in Table 33 5 .  There appeal’s

745
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Tab le 33 14
Organic N and Ammonium Concentrations: Texas Cit,,y

Dum p No. 2 near Buoy B 1, Dredged Mater ia ls

from Texas City Channel Turning Basin

Time of Depth Organic N Animonium
Collection (m) (mg N/l) (mg N/l)
(hr : m m :  sec)

9:58:30 1.5 0 . 5 5  < 0 .0 5

9:58:145 8 0.11 < 0 . 0 5
9:59:00 10.5 <0.05 0.11

10:01:45 1.5 0.5 9 < 0.05

1 0 : 0 2 : 0 0  8 0 . 0 7  < 0 . 0 5

10 :06:45 1.5 - < 0.05

1 0 : 1 1 4: 0 0  - Dump occur red .

10:114:00 1.5 — < 0.05

10:14:15 8 - < 0.05

10:14:25 10.5 - < 0.05

10 :15 :50  10.5 — 1.86

10:16:10 8 - < 0 . 0 5

10:16:15 1.5 — < 0.05

10:16: 30 10.5 0.65

10:16:145 8 - < 0.05 -~~~

10:17:25 10.5 - 0 . 7 3

1 0 :18 : 0 0  — S u r f acc  t i ,:r ’ I ’ id  l ’ l U I a ’ a
arrived at’ s-nI p l ing
l oca t i on .

10: 18 :00  1.5 0 . 3 1  ‘a 0 . 0 5

1 0 : 10 : 2 5  10 .5  0 . 5 5  0 . 2 7

1 0 : 13 : 0 0  1.5 - ‘a J .~ I b

10:10 :10 10 .5  1.01 0 . 7 7

1 0 : 19 : 40  8 0.11 ‘- 0.05

1 0 : 13 : 5 5  1 . 5  0, 11 < 0 . 0 5

1 0 : 2 0 : 1 0  10 .5  — 0 .81

( C o n t i n u e d )

._ .- — :Tr,~ . - ‘— ----- ,‘— ~~~~~~~~~C’—.



Table 334 (Continued)

Time of Depth Organic N Ammonium
Collect ion (m )

(mg N/i) (rug N/It )
( l i r :  m m :  Sec)

10 : 2 0 : 3 0  8 — 0 . 0 7
1 0 : 2 0 : 50 1.5 < 0 . 0 5  0 . 0 5

10 : 2 1 : 0 0  - Sur face  t ur b id plum e passed
samp l ing  loca t ion .

10 :21 :10  10 .5  - 0 . 5 7
1 0 : 2 1 : 5 0  1.5 — < 0 . 0 5

1 0 : 2 2 : 0 5  10 .5  — 0 .18

1 0 :2 2 : 4 5  1 .5 — < 0 . 0 5

10 : . ’ 3 : l 5  10.5  - 0 .3 1

1 0 : 2 3 : ’45 8 0.11 < 0 . 0 5

1 0 : 2 4 : 2 0  1.5 — < 0 . 0 5

l U : 2 ’ 4 : 3 5  10 .5  0 . o 7  0 . 4 9

10 : 2 5 : 0 0  8 — < 0 . 0 5

1 0 : 2 5 : 2 0  1.5 — ‘- 0 . 0 5

t 0 : .~i ’ : 10  1.5 — 0 . 1 3

i 0 : 2 t ’ : 2 5  8 —

l 0 ;~ ’ b : 3 b  10 .5  - 0 . 7 5

l 0 : 2 7 : 4 i )  1.5 — ‘ .0 .0 5

10 : . ’7 : 5 5  8 —

1 0 : 2 8 : 1 0  10. 5 — 0 . 6 4

1 0 : 2 0 : 4 5  8 — ‘.0.05

1 0 : 3 0: 10  10 .5  - 0 . 44

1 0 : 3 0 : 5 0  10 .5  ‘a 0 . 0 5  0 . 5 1

1 0: 3 1 : 3 5  1 . 5  ‘. 0 . 0 5  ‘ .0 . 0 5
1 0 :3 1 :5 5  8 - ‘ . 0 . 0 5

10 : 3 . ’ : I b  10.5  —

10:  34:45 8 — < 0 . 0 5

t 0 : 3 1 ’ : 4 ’ a ,I 10.5  — 0 . 33

( Pont  inue~1

L ~~~~~~~~ . L~ , T ~~~’1,, ~~~~~
, -~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ -
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‘fable 334 (Concluded)

‘l ime o t  D e p t h  Ot ’ganic  N Ammonium
L ’a, ’ a l l e a ,’ t i a , ’Il  ( m )  (rug N / i )  (rug N i l )
(h r ’ :m i n : se c )

1 0 : 30 : 15  1.5 — < 0 . 0 5
10 : 3 0 : 3 0  8 — < 0 . 0 5
1 0 : 30 : 5 0  10 .5  — 0 . 3 9

t U : 4 2 : 4 5  1.5 - <0 .05

L 0 : 4 3 : l 0  8 0 . 0 7  < 0 . 0 5

1 0 :4 3 : 3 0  10 .5  - 0 . 2 5

1 0 : 4 3 : 0 0  1.5 0 . 8 7  < 0 . 0 5

10 : 4 8 :3 0  8 ‘0 . 0 5  < 0 . 0 5

10:40:00 10.5  “0.05 0.19

1 0 : 5 4 : 5 0  1.5 — < 0 . 0 5

10:55 :15 8 — < 0 . 0 5

1 0 : 5 5 : 5 0  10.5  — 0. 18
11:01:10 10 .5  — 0 .10

1 1 : 0 7 : 2 5  10.5 — 0 .19

11:13:30 10.5  0 . 0 8  0 .16
11:17:30 1.5 0.07 <0.05

11:18:00 8 0 .19  < 0 ..05

11: 18:15  10.5  — 0.18

1 1 : 3 2 :4 0  10.5  — 0 . 2 5

Dash ( - )  indicates data not available.

to have been a reduction in the concentration of soluble

ortho P in the surface water with the passage of the surface

turbid plume . Concentrations appear to have gradually

dropped from ambient levels (0.07 rug P/i to 0.11 mg P/i) to

0.044 rug P/i about four minutes after the arrival of the
surtace plume. They increased about 1.8-fold 26 minutes

later but decreased to 0.049 mg P/i in another 30 minutes.

Prior to the decrease in percent light transmission

at mid—depth (Figure 106 ), soluble ortho P concentrations

748
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Table 33 5 ( C o n c l u d e d )

Time of Depth Soluble Or th o p h o s p hat e
( m )  (mi’ I’ l l )Lollection

(hr:min : see)

1 0 :2 2 : 4 5  1.5 0.0 11 4

1 0 : 2 3 : 4 5  8 0 . 0 / n
1 0 : 2 4 : 3 5  10.5  0 . 1 6 7
10 : 2 5 : 0 0  8 0 . 0 4 9

10:26:35 10.5 0.036

1 0 : 2 7 : 5 5  8 0 . 0 4 9

1 0 :2 9 : 4 5  3 0 . 0 7 7
10 : 3 0 : 5 0  10.5 0.130

1 0 : 3 1 : 3 5  1.5 0 . 0 4 5

10 : 3 4 :4 5  8 0 . 0 5 0

1 0 : 3 5 : 1 0  1 0 . 5  0 . 0 7 0
10 : 3 0 : 5 0  10.5

1 0 : 4 3 : 1 0  8 0 . 1 0 5

1 0 : 4 3 : 3 0  10.5

10:43:00 1.5 0 . 1 17 0

10: 48 :3 0  3 0 . 0 2 1

1 0 :4 9 : 0 0  10.5 11 . 04 1

10:55:50 10.5 0.0,_ U

11:01:10 10. 1’ 0 . 0 6
11:07:25 10.1’ 0.0 2

1 1 : 1 3 : 3 0  1 0. 5  0 . 0 101

11 : 1’’ : .10 1. 5 1) . 0~ I 0

11:18:00 0.04.’

11:18:15 1 0 . 5  U . L L ’ t’

11: .1 2 :4 0  10 .1’ U . 033

Sol u b le  o i ’t t o  1’ c o i i cen t i ’ d t i a, ’ t i : :  k I :t 1 ’ L O i l  a T m n a ’, l c  a t i n t  I \ ‘S i T

e l  one sample

Pan h ( — ) I iid i ca t e n  i ie  H. i t  ~i L V , i I - i h Ii.’

-- -, ----.-~~~~~~~ - - .- - ‘- --~~~~~~~~~~~~~~~~ - - . — ‘~~~ -
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varied between 0.019 and 0 .108  ing P / i .  The c o n c e n t r a t i o n  at

mid—depth was 4’,x’eatest (0.141 tug P/ i)  in the sample col lec ted
d u r i n g  t i c  l o w e s t  p e r cen t  li ght  t r ansmis s ion .  I t  decreased
to 0 . 0 4 0  mg / l  when  the  p er ce li t  l i g h t  t r a n sn h i sn i . ’n i n c r e a s e d

back to am b i e n t  l e v e l s .  A 1’ t er  the  percent  l igh t  trans-
mission x ’etu x ’i ie d  to and x ’emaii ied at  ambient levels  (~~l2  : 2 5 : 0 0) ,

n o l  u b je  a, ’r ’ tho  P I 1 act u.i t ed  be tween  0 - 021 a I l l a , !  0 .  105 ing P/ i

w i t ho u t  an ~Ipp3I’e11t  p at  t Cr11

lie fore  lie r edu c t  ion iii p er cen t  li ght  t r ansmis s ion
in Sot  t. an t w a t e r s, so l u b l e  er th o  1’ ca ,’i x c e n t r ~t t j e l lS  varied f rom

0 .  067  t o  0 .  097  iug P/i. C o i n c i d e n t  w i t h  the  dec rease  in p e r —

OCII t 1 i gl it  t x ’ d nn m i s s  ion , so l u b le  ox -t h e  1’ c on c ej i t  ra t  ion s

increasea ,1  to 0 . 55 9  mc, P71 .  l ox ’ t he  d u r a t i o n  of the  samp l ing

pt ’ T ’ i o d ,  t h e  a ’ a ’ii a ’ t ’ f lt i’ , jt  ions  t i u c t u ~i t ~,’ a, I b e t w e en  0 .6 1 1 1 ari d 0.  .150
fin ’, P/ I - ‘ ‘ lie i t ’ w an  no app a l e n 1 0 0 4, 1 1’ Li t ion b e t w een  t h e s e

l t ’v~ i n  . t ; x ~1 h” i ’ a ” a ’ f lt  1 i i ~l i t  t t ’~m n s m i  i o n .  The t it i~t l  t hr e e  s~tnip1es
wh i~ ’ Ii We i ’t ’ C O  I t ’ a ’ t C H JhOl i  t 4 5 flu, i i U  I I ’ l l  ,,t I t t i ’  t lit ” a, I l T ;  ~~O 0, 11

I T l l a ’Wt ” a I  .1110111 t Sc S~~ niC conc cn tx ’a t ion an h a d  i’e~~ii I i ’un d a t  t h e
a 1f l c i ’ t —

H t ’~’, , t  ‘i i , a,,’ _ca ,~ ,~j ’,, i i t a , I s  - Seven  c aCCmpa ’:; i t  1 ’S a ’ I :: xiS saflip I ~~‘ 5

i,’a ’l i t ’ ,,’ )  ca , i  be t O t ’ t ’ ~1i i i ’ i  I i ) ’, , ,m ~I a , t t  I Ci’  t iit ’ 1l , L T :0 , t 0 , t ’ a, ’)  t h e  ~ u i ’ t  lO t ’

I a I P L l ~ - Wt ’ 1 ‘ t ’ J hi I \‘ .1 I u ’ : i a , )  u S ]  t ’ ‘1 01 . t  na,l , ‘ i  I , it i a t  ~ r c a  no

0 r t~~’ ‘a ’ ,’it ’l ‘5 i  I ~ ‘ Is ’ I T T  is, ta l t ’ I 1’Olli :: ti1 ’~~t lI)
~~’ I e:; Ca ’l h - C: I ( ‘LI St ’ I o: ‘e t h c

p1 tun e i i ’ : ’  I V t  ‘ I  . : 5 1 1 ’ ::  - 1 1111’  h - I T  ~‘o 1 1 ’ ’ ’ 1 c, I H i i i ’  i ng t h e  p unt o wore
l h ’ a , ’ a !  t o l ’  L, a i i I I l lo S  I t t O  .‘ t l x t ’ ~’xtgh 5 .  Twa ’ a ’ a ’f l h 1 ’ ’ T l  I I t ’S W C I ’ i ’ i lS iate

I’Ofll  511 t : : , lm I~ I t ’ :1 Ca ’ 1 I c  ~
,‘ I oH at  - t e i’ t he p 1 x im e  ~

1. t : :  T~~~~j  . TI i t ’ C0fl1

~~a ’5 L t t ’:; Wc t t ’ C i ’ i t  t ’~ I t i ) ’, C a i  .t t 0 0 0 0  t ’~’ln 1 or ~ m i  n u t  ~‘n t ~~‘ remove
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arrived was 5.9 mg/i. During passage of the plume , oil and

grease concentrations fluctuated from 4.6 to 8.6 mg/i with

an average of 6.6 mg/i. The two post-plume samples contained

7.5 and 5.7 mg/i , with an average of 6.6 mg/i.

Statistical analysis of variance was run on the

Texas C it y  TOC and oil and grease data. The results indi-

cated no significant difference at a 95 percent confidence

le vel between concentrations of these two parameters before ,
du ring , or after passage of the surface turbid plume.

Galveston Channel

On August 29 , 1975 , a sediment sample was collected

with a Ponar grab sampler in the Galveston Channel across from

the Galveston Channel Yacht Basin. A surface water sample was

also obta ined  from th is  s i t e .  This  is an area which is

usua l l y  m a i n t a i n e d  by p ipe l ine  dr ed g ing .  Figure 79 shows the

sampl ing  l o c a t i o n .

On September .10 and September 20 , 1975 , samples were

t aken  f rom the  p i p e l i n e  dred ge discharge from a dred ge opera-

t ion  in the  Galves ton  C~’tanne 1 near  the  Yacht  Bas in .  Several

samp l e s  wer e taken  on each day .  The samples collected on

cact i  of the two days were compos i ted  so tha t there was one

composite pipeline discharge sample for each sanipling date.

General Sediment Characteristics and Oxygen Demand
Values for Eh and sulfide presented in Table 337

were considerably higher in the  Ca l v e s t o n  Channe l  sample t han

in the OBEC Buoy 1 sample.

Oxygen demand tests ‘,s’CPC run with three different

volume s of Galveston Channel sediment : 5 cc , 3 cc , and 2 cc.

The purpose  of r unn ing  th ree  se t s  on cit e sediment  was to

determine tu e effect of ditfex’eiut sed imen t  volumes on the  up-

take  per ’ cc of wet  s e d i m e n t .  ‘I’Iie t ime  of 313 minutes was used

fo r  eomj ~a 1x’inon . Table A 2 9  o t  A p p e n d i x  .‘\ show s t hat the S cc

sa m p le deple ted t h e  ox v 4 ’, en ii ; 45 m in u t e s .  The oxygen u p t a k e

i-e l ’  cc (Tab l e  3 3 7 )  f o r ’  t he  ~ cc s imple  was 0 . 4 5  mg 0 2 ; fo x’
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- C C  5 - 5 . 1 i t

I w _ ~ - . 0 — 53  t~
’, 13 

,
, fi i n ,  - : . 1 5 ’ , ,’ ) a I i t , ’ ’, i  . , I i  i s  1: 1 c~ I I  - S

th at o T-I v , ’, en : , ,  - n ~~i~~~ . , :  : 1 , ’’, I t ’ I :  - I L-~~’ ,H ’  I v  , u :  a, - , ’ I t O  1 v
S O a l  1 St ’ T ’ ,  V l ’.117a,’ I ~~5 ’ , a ,’ -,I L I  L I  15 Ia’ I t, , T  I )  t : t ~ ’ i ’ , I h , ’ a, ’ 0 ’. . ’ I - -

cc .  2n~- ~‘:~~‘.‘ ‘, a, : - ,h , , .  ) h - . l O T  , i  a ’ , ,  I a  I : . a , ’ I c i ’  was  I’ . ,~ 1~
1. , ‘, C ,

O P  I_ l a , ’ I I, T ’ ’.~ 
‘ : : -  ‘ ,a i Is ’ ,i z, ,~ - . 8 .5, a ’ 

- 01  , ‘ l - . T : ’ , . : I -  ,‘ n- a, ’ : ‘ : ;

- c c  Li S 15 .1 p I , ’ I a, ) I t n ’  I _ i  , l ’  I T a ’ ~‘X’.
’ ,’ t ’h - I t  ‘, , j h a L

l O S t  , ‘‘ I L , ,L ,_ ’a ’ a, ’ : - t ’ S ,  L , ’ s u : .  na , ’l  ne~ : o :: ’i : :  - :‘~~~ 1 ‘ , : i ’ , ’ , ‘ I I I ’  , a, ’ s i  .~~ -

I T _ I c  S1a,’ I ’ ~ ’S n .  t, : a  1 . t S t  ~a ’. .~ I ’ 5 a , t s ’ C O C :~ ’~~’i ; t ’ i ’. ’~ 1~~_ ‘ n ’ I a s ’ ,  cc:, :I ’ a ’ : .~ ’ l . i

s t a , ’ a, - s no  — 0 . 0 1 0 ma ’,! 1 0 2  C,  1~~T 
— 

— C - 0 2 :s ’ 0 . C , L I I  , a:

0 - a l ’  0 t ,:~~ / 1 0~, 7 - 1  ~: 
— ‘ I , ‘ 1’ :;c _ ‘ Cc , 0cc  , a:: S I’ cc sat :: 1 ’ I a, ’

P05 a, ’ ~
‘ ‘, :‘~‘c v . I ’he s l ow  c~ ’ 1: ; ; - o i ia , -n  t wa,’ t ’ t” ( . t I T I C  l ’ a, ’S  ‘ , ‘ . V  a, ’ I \ ‘

L) . 0C~’ i ’ I t ’, / 1 13 , C L U  , 17 - 0 0 0  1: T a ’, / 1 5,, 71,111 , a , I I T ’ I  — U .  7 2 : 1 :U ’, / I

0 , ,:1a t a h a se ~ I a , ’~~’C ’S S l t a , ’ts ’ t) a,I I T O  Ca ’i ’ i ’ a, ’ , i a i t  1011 i’ a, ’ I W a , ’L’ I T  , i l

Pd t  L’S and va, - I j i l t 1 01 ned : ma,’ !; I -

P L:t i ’  Li t o  i c  st  Oener . i  1 }‘ araT :;e t e rs
, 1: i , ’ 20  t’a I I ’c t ’ l I t  ~‘Xj C  C l U t l ’ L , i ’ , a ,’ t a ,’St ts ’ , I : T  1511. a ’h a~~ a j

v e s t.  i i  C l i a i ;n e i  : ;e a , i i m e n t  O T T O  Is’at  or Ca,’ l l L ’ a ’ I a ’d on :\51 ’U : T _ 2 9 ,  i S ’ S  -

V a lu e s  o f  the  ; e i i er a l  p h ys i ca l  .iiia, 1 a,’ I I a , f l t l C a l l i~ a U ’ , i : ~~~~ t ’ 1 ’ : lSt ’ , I S h l ’ a, ’ a I

a , l u r i : i ,’ t he  213 po i ’cent ox ic Gal \-e  ~;t  a ’ i i  ChdI’i l t e  1 05 t O P t ’ l ’ l ’ a, ’ :1011 1 a, - a, i

in ‘Fable 3 3 1 3  . ‘i’T iC 13. tO .  deci’ea~~ea,1 I l ’OiC i i  - 2 l : I t ’, / 1 in  1 h~’ T~ I ‘I a,’

wa t e r  to  4 .  2 m a ’, , ’ I i i i  the  ts~u ti ’i at~~. i’ , 11- a , ’ al Ofl o l ut r i a  t o  I L’ St

r e s u l t s  , the  o xv t ’, t ’n de m a i i a i  of  t h i s  :;a ,’ a ,I in t ent  5 ’i ’ eau I ’ a,’aI  I a,’ be

s imila r  to t h a t  of ~ organ S b i t  .,iiid l ex a s  ~~i I \‘ t,’h ,Il’II le  I ( ‘ iCC

Site 1 s e d i m e n t s  (d i s cu s s e a , 1  elsewhere in the  r~ ’p a ’t ’t ) .  ‘ISo ph

remained  u n c han g e d  a f t er ’  e lu ti ’iat  ion .  ‘I’ u rh id i tv  11 1 C l ’ a,’a i S a ,’ a,i

f ront  4 NTU ( s i t e  w a t e r)  to 38 NTU in the  e l ut r i a t e .  This

water  (and r e su l t an t  e lu t r i a t e)  was among the most sa l ine  01

the Texas du l f  Coast  samp les c o l l e c t e d .  S pe c i f i c  conduc t ance

was 33 , 000 ll iuhos/cm in the s i te  W , , i t cr  and e lu t i ’i at e .
Heavy Meta l s

‘l’able  339 show s the  to ta l  C O i l a ’C l i t i ’ dt l O l I ii  0 1’ SL ’ l C C t C a , l

heav y meta ls  in the  sed iment  sample c ol l ec t ed  i l l  t he  t I , 11\ ’ a,’ St O Ii

Channel  on ~~~~~ t ,‘‘i , I 0 5  . ‘I’he sed imen t  Sa I d  p ar t  i 0111 .11’ I v
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1 1 1 , 11 l , l , t l a a ’ - I I L ’ ’ S a ’ , a I ’ : O ’ i t i C , 5 1 15 ’ , , I I T , l  1 1 - ’ ! ,  a ” ’ I i a ,’ t ’ l T I 1 , 1 1  i ’ ’ T ; S .  t o I ’ —

a, ’ a, ’O t i’ , il ~, - n ,; of  1 1 1 1 0  -, i T t ~~I , l u ’ s a ’ I , i c , ‘l , . b  t : : ’ I  11 ., ’ I1 Ig / ~~~,t ’, ,  1 ’ L ’ S I ’ t ’ ’ ’ l  —

5” !”’  i l l  a, ’ X a ’ t ’ T I S  o t  I i t ’  US I ‘,-~ 0 1 1  l~~ ’ I ’ L . I  t o t ’  I l i t ’  t a s ’ t ’ I ’ t I —

a - I  it  ‘p 0 ’. - T l ’ ’ ’ ‘ I , ’~ ’ 1 :t e, l i t : i ’  ‘ i i  I . f i a ,  I t ’ (,‘ ) l  T a , ’ ’C I T t . I i i  I (“ 11: ,  t I l a l Y  I ‘‘,‘

C - - ‘~~~ -°“ ~~~~ 
S lt l t  h i t ’ L c d  ‘ - IV y  ‘ ‘ 1  o l s  1 01 ,1 , 1 I I ;  I~~ L- ’ I i ! T f t ’ ! i t

t i S e a, ’ t  C a ’ I T , t ” ’ S i t a t  ‘ip e i  L’ C’ h’ , ’ ah , , ’ : S I l l I I ’ [ C ’ :  a ’ a t L lt ’ , ’ t t ’d 1 1 0111 W I

a ’ T S ’ l ’ - I I  1~~’ ! i  S I T  i c l i  wa: ;  w a r P i n g  t I l L ’  :; , t ; , , ’ ‘ i ~~’t  (~ I C l i t ’ C l i a i I l l i C l

(‘I’~iL’le , t 3 ’ t )  t ’a, ’ i i a , ’ t j i t t ’ , j I  i t ’ l l :  a t  U I  7 o ’ 1 , I t 5  111 t l i I ’ S a , ’ ‘ I I ’ t ’~~ i I ! t ’

5. ~~~~~~~~~~~~~~ - :511 ,1 1- i  a l l  S ’0 I ’ a ’ lass ’,’ !’ 1h,iii I 111 :5’ I , ’u r i d  in t l i t :  st ’ , I i m e r i t

:; ii , :i ’lo  t ak ’ ’n a l , i i c c  I iy  I roni t h~’ c 1 1 , j j i I l e  I I ” ’  t I ‘ ‘C i .  M~ingan t5 t ’
S i n C ~‘ ‘ J T a , ’ , - 1 i t t ’ , It  i , - n :; n o t e h a i l !  t t I a ,) :L ’ T ;c l ’  i i  l i i  t l i tT  :; , , ‘ a 1 i i ~icii L ,
( T l ’ ’U , ’, I a  ‘U t  c i i  h I p S .  Ar s e ni c ’ cc5 ic ’ c 1 it rat ~~ 0I i s  i i i  t h e  p i i’t ’l i nc ’

L S 0 l 1 a ,U ’ a ’” W a , t ! ’ c ’ d f r ~~ct i 0 f l  ot the  T l , ’d l f l I e I lt  c o i ic en t i - a t i , ’ns ,

W i i i  Ic 110 !‘CUC’y ca ”n a ’ a, ’I;t sot ions wci’e 8 to 0 t us ’: I t i gl ie t ’  I l ion
i i i , ’ :5, 1 i T : s ’ 1 i 1  C a ’ I i a , ’ L’ I i t l ’al t  1011. ‘I ’hIe5 ~’ dif IL’I ’e l,ceL ;  may f~ ’ due to

s La ~,o-,, 01 ut ’ ta i s  1 P0111 the 5a, ’ a h I l l t C i i t  dui ’inp ,  t h i t ,’ drea , 11’ i i i 1 ’ 0 p a ’ 1 ’ ~ i —

L i o n  o t ’  I a ’ - i i  I I o t ’ t - fl c t ’: 3 in the  TIL t  t ai s  compos i  t ion of s e d i t u e u i t ; ;

, i l ’ ’i i i ’ t l~ 
- a - I 1~ I ~~i t , ’i . 

- 
-

‘ I ” d i e  34 0  shows t l i c  r e s u l t  :; of Tia ’ to I:; ana Ly ’ ;  i~~; 0 t

h I t ’ ’ s i t e  n’ , i L e I ’  and e L u t i ’ i a t e  f i ’oui  , i  .‘O p e r ’ c a ’I t t  O X 1C  c l i t t 1 ’ 1 , 1 1 , ’

t t ’: ;t  W i  L I t  t h i t ’ :n ’ a , t j r :lc ’tO 00111, 0 1  od 1 u ’ o t i i  t h  ( ‘i a i v t ’ s t ou t  Cj u w t i i t ’i

) 1 C t ’ C  W O O  S U b S  L a t l i t I , i J  l ’ t ’ l L ’ a l T W ’  o t  l : l , I n ’ a l i c S C  iii  t h e  t e s t .  ‘l i i i ’
s i l t ;  Wa I t t T l ’  coii t a , t i i i c d  ‘12 ~ig / l  l: 1~ I 1 1 a ’ . u 1 i a, ; se  , Ond t h i a, ’ e iu tr i a t - a” ’ t i

t , L i f lt ’ , l 10(3 0 ~i i / l  fl ia , 1j tI ’ a , l J i e : ; t,,’ - .~~1flC du al I1l a, ’1’CCI1’~ Wa ,’!’c a i l S O  re —

l a s i : : a , - a l .  ‘l i i , ’ s i t e  w,’it ei ’ a , ” l i t a i l I i C d  1 0 . 7  ~t g / l  ::1flC ana , ! 0 . 0 0 /  ~i t ’, /1

1l!C l ’a ,’ L I I ’ V - ‘l’here were  ri o si  gid t ic a i tt  cli , 11i1’ L’s ill co nc en tr ’ .i t 101111

of  ch i r o in iun i , n i c k e l , c , ia , l in i um , lead , i ron , 01’ , 1!’SCI’ul C OS a

r e s u l t  01 e iu t r ’i at ion  o f  t h i s  s e d i m e n t .
The yes ul 1:; o t  t h i s  elu t  r iot  c t -‘s t I r s ’  in a11’ re e l f l e l lt

w i t h  t hi  ‘::e 0 I o t h e r s  pt ’ rfoi ’inecl  in hi t  is s t u d y  . ‘b Ite r ’  I C O S t ’ o f

met  am a l u r ’ i  i c ’, th c  I a~s I dii! not  cc ’rr ’espoliai  I 0 t h e  h u l k  met all
(‘ a l f l h l ’ O i ; i t i o l i  , in tha t t n an g o u l o : ;e  and : : i i t a :  , wh i cS ex i s  ta , ’ , t  In  hi g h

‘ ,‘l i’ ,’ a, ’ i tt I ’ , i c  i a , ’iii; in t h e  s e d i m e n t , ~ e r’e i ’ a,’ lc, -i s t ’d , wh i l e  m t ’r ’ c I i i ’ V

w h i ch  W , i :  f O ( 1 1 1 t h  j u t  a f a i r l y  low c o n ce r i t  i’, r t  j~~’1I in t h e  ;t ’ a , l l r ne l i t
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w a s  ol so r ’ t’leased in the  test. Iron  c o n t e n t  in the  sed imeu i t

W IS v e t - v  hi gh , b u t  iron was not released in the  t e s t .

N i t ~~~,~ t ’n Compounds
‘ h i l t ’ t ’ a,’SUl t s  i’ t n i t  i’a,i,t ’ I r  conipound ana lyses  t a o r ’  t he

I , i  t ’s’ t ’S t  O i l  a, ’h i a i i n t ’l e l u tt ’i at e  t e s t s  arc p i ’ e s e i i t t ’d in ‘l’able 341

l v  0 110  .0  pt ’ I ’ C t ,’I i  t ox i a ,  e l u tr i a t e  t e s t  was l ei’f ’orme d . Organ ic

N ~~i t c t  n i t  i’a to  Co n c e i t  t r at  joltS decre ctsa ,’ a, f a i l i  0 r’t’sul  t of ci ut i ’ i d—

La, ’ i i  . A11111t011 111111 Pc I Ij att i t’ W O S c o i t ip ~ t r’ ,tt’i t ’ t ~ ‘ t i l e  ‘e l eas t ’ ob t d i n e d

I r e n t  i ’ ’ c ’ — i  5a, ’ a I j i i l ~~ i I t  b u t  ft i ~‘, h t a , ’ 1 ’  t hra t ut the  Se L t , I S t  c d t  , l i l t t , !a,h ( P0111

‘ S t  I v a, ’ ~ t o u t  B~t ~ I:~ t i’ a t l l ( ’ i) ( ‘h ion u t e  1 S a,’ a , h  l!tt’1l t S

I’hios j ’ hor’n t
,, ~1~~ i u ’ ounds

‘Fab le , ‘, t l ,’ 1 ’ l ’ t ’~~’, t ’ 1 l t  :; t i r e  t a ’t a f l ,, I ’h t05 l ’h01 ’in ~ a ’ a ’ l l a ’ t ’ I l t l ’ a t —

L i 1 ~~; a ’1 l i i i ’ a t , l I V t ’S lo u t  C ’ h l a l i l f l t ’l 5 0a j I l f l C f l f  S , I l i I h l i t ’ : i  a ’ a ’ 1 l t ’ c ’t ea , I  (0 1’

. 1 1 1  a, ’ L i u t ~~ ’ i . u t ’ l o s t - ‘l i r e  L ’ a ’ f l L ’ e f lt I ’ , l t  1 01111 111 ( I t t ’ t wa , ’ I ’ i l ’ t ’l L I l t ’

O I l C j ’ i t ’S S’t ’ l ’ t ’ ,t
~~ ’i’a ’X i J I l a I  1 a ~~i V t h i t?  S.llllt) a115 ,l Ca , ) l l t I t i i l t’d ab o u t  11, 111 p

t h a , ’ t , ’ I  at I ’ t a ’UI l d j f l  t I l t ’ Sa l iv e s  t a , ’I l  t. ’ht ~t u i i t el sea , 1  i I l l t ’ i l t  : T , 1 I T l h ~ 1~~- .

l i l t ,’ i I a L i \ ” a, ’5 t ~‘11 ~‘h i a i in e l  l i l t a ,’ W I  I c i ’  a ’ i ’t l l a t l \ l t 0 5 p h t . t I , ’ a ’ a ’ i i a ’ t’ i t t  151 C l a ’Ii

( ‘ I - i l ’  I~ ’ .11 1 ,’ ) W, 1: 1 , i t ’~ ‘11 1 1 lie s am~’ I T ;  t ha I I a ‘ i l l  I a  I I l l  ( lit ’ ‘i t ’ X .15

C i t  ‘,‘ a ’ I l . I i l i l t ’ 1 1; i t t ’ : T  I I , It , a l I i a , l  1’ S i t e  w a t  c i ’ ; . I t a O l !  l i S a ’ ha , ’

: 1 t ’ t ’ i l  t : t , t t  t i t a , ’ c h I l l  ~ i a t  b i t  sitS t l t t ’ a , I , i l y a ,’5 t a ’ l I  ( ‘ h l , l I i l I a ’ i  : t ’ a i  I

a ’ , L T i : i a , ’d I i t t  L~ ’ a, ’ h l , l i l ~~’ t ’ i i i  t i r e  T : o I l l t ’ I , ’ a~~1 ’ t I l a , ) l~~l I , C : : 1 ~~i 1 , 1 t , ’ a ’ a ’ l i a ’ a, ’ i l t  t ’ , l

‘ ‘ 1 111 a ’ I I h i t ’ ¶.s1 t 1 ‘‘ 1 ’ .

O i , i ; ~ a , , ’ I T ~ , ’~ ‘511 , 1:1

A 20 i’ a, ’t ’ , ’ t ’i t t a ’ t u t i ’ i a  C a , ’ I t ’ : ; t  W.1S 1 1111 O I l  . 5’a l I l l a t ’ i i l S

a ’ ,~ I l L t a ,~’ L ’ a , l 1 1 0 1 1 1  .111 .1  ‘ t O  I i  t i l t ’ iI ,t ,1 V t ’S t a ’ i l  i ’ f t . l n u a ’ 1 ! l t ’ d l ’  ,l 
~
‘ 

~
‘
~~

‘ —

I l i l t ’ a h i ’ a, ’~l p, i i i , ’, a ’~~’ a ’ I ’d I 1 0 1 1.  Au t -’ I I h l l t ’ I I t  5 , 1 1 1 1 1 ’  1~ ’ 1 1 0111 1 i t t ’ 
~‘ 

I

I i i t t ’  0 i t ,  l i t ’ was .1 1 so ~‘ l ’ t . i  L I l t ’S - I ’ i h~~’ I t i l t ’ a ’ I I 111011 t Is I S

c c i t t  P i t  h a t ’ , , . i n i I l ie : :a , ’a h i m e i i t  , I i 1 ~ 1 \s’ , t t  e i ’  l h h l , I : T , ’s W a i t ’ 1 1 1 , 1 1  \ ‘ S t ’ a I  -

l I a t  - a t !  t a t  I V I j a ’ , I I i ‘a ’:I U i t : ;  I o p  t i t a , ’ ch i t  1’ 1 1 t a, ’ l O T  I , U l a I  I b i t ’ I -

1 j n t ’ : T , 1 l i 1 1 ’  1a, ’S a i l S ’  I ’i ’e st ’ 1 1 t  ~‘d Ii i  ‘ f a l l ’  h a , ’~ ; 111 ,1 a i t a l  ,1 I 1 I 4 . ‘ l ’ h i t ’ I ,‘t~ r I

a ’ l ’ i ’, , i I t  L a ’ ‘a I ’ l ’ ~~51 of flit ’ I S I  I v a , ’ : t O i t  ( ‘h a t l i l l t ’  I T T t ’ a , l j I ’ l a ’ I l t  ( 11 . 7  I ’ t ’ l ’ a ’ t ’ R i

I i ‘ l i t  I V I t  i ‘ h a ’ i ’  I i t ,  i l l  I I t t ~ (1 - tI 
~

‘
~~

‘ I ‘ aS ’  i t t  1 a L l I S !  I I I  I i t t ’ 1’ i I ’ ~~’ 1 i n ,  -

I a;~~- I t u ’ ’ t ’ :n ’ a I i I l l t ’ l l t  ~~I l . 1 : T t ’ . l Ia ’ t I I  :lt ’ah j iflt ’ It I : a ’ a, ’ I l t a ( l l l t ’ a a 1~ 1 i ’ i u r

i i  ~‘ , ‘u 1 j ’ , ’U i 1 , I ; , , i i t a l  I I l l a l a i l l a , ’ L I I  a ’ a, ’ l I ’ ” ’ i l f  I ’ l l  L O I S - a ‘ I  2 . 1 ’  i i1 ’,/k1’, a ’ l ’
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‘l’ab le 3 14 1

Nitrogen Compound Concentrations: Galveston

Channel  L lu t r iat e  Test

(mg N / i )

Sample Organ ic  N Al Iu I io I i i um Nit i ’ o t t ’
l I es 1I ’, i i a l l  ~ Oi t  si~ si’i~ ~
S i t e  W a t e r ’  0 . 3 0  0 . 0 8  0 . 0 8  0 0 .10  0 . 0 . ’
2 0 % Oxi c  < 0 . 0 5  ~ I) 7 . 3 6  0. 10 0 . 0 9  0 . 0 1

~t’te~t u i  a - t I l t !  S t , t l i a , I a t t ’ a,I devic t  t LOl l  c a lcu l u  t t ’cI t I ’ a ’ifl d up l it ’~t t a,’

a t I t a l  1 \‘ l i t ’S

~ ~ M ea n d i t a , !  : I ~t i t t 1a t ’ d  a ,le ; v 1 , 1  t L ’ii ‘a ’a - r l c u i  a l t ed  I r ’om tr i p l i cat e
a t I I a t l V I i t , ’ T i  -

Ta-thl1’ , t I n ,’

‘l’a,” t a - iI I ’ b l a ) ’ U L ’ l l a ’ i ’ t l . ’ f’O I I L ’ t l i l t  1 , 1 !  10n5 S a I l V & ” S I a, ” i t  C i l , L I I 1 i t ’ l

P t  1lc ’ll ~li’ c~e Sa-tiflpit ’c’ ,tIia , I 1 : ltut r i  ,r t e ‘l’ t ’ Ti

i ’ I l i l b ’ l t ’ i~ ’si~’ , i ra — ‘ I ’ ~ ’ t  , t  I } ‘ b t , ’ : T I ’ t I , ’ t ’ U : :~~ ba ’ i  i i i ’  I a - l~~t ’ t  C i , ’
05 I l l a l  (‘,‘llt ’a ’ ~ I 1I1 ’H’, L a ’ ~I I ’ \ ’  n t  . ) ( i u

’a ’ ’ I ’ll ) ’ -

t a , ’~~ f t I t ~~’ (1071’ ) X SD

I Vt ’ : T  t o i i  ( ‘ 1 5 1 1 1 1 1 1 ’ I 131 1 1,  1 1 — —

P t  ~t ’ I i l i t ’ D i  : ; a ’h , l ‘~~‘, ,‘

t 1c 
~

‘ I t ’ I1 i l ’~ ’ I ’  l i t  ,~ (I I , —

Sa ’’~’ 
I t ’i ut ’t ’ t’ .‘0 i l n O ‘2 — —

D i n t  i ’ i , r t t ’ :‘ a ’ : : t

‘I H t ’ n’, t t  c i ’  — — i’t . 17 0. 00,’

2 i l  . - a ’>i i , ’ — — 0 . 1 t ~ 0 . 1 10 . ’

1’ , 1:  i i  ( I n~I I - ‘ i t  t ’S I I ”  I - I I ’ I ’ I  1 a, ’, i t ’

‘~~~1t - , i i i  m i t  , i t , I I l a l , 1 l  1 5 t ’t ~’ i , i t  i on  , ‘,i I c ’t u l , i t a ’, h  i T t ;  ~ i I l p  I i a ’ , i t t ’ , m n l l \ ’ T ; , ’ :-
a, 1 I - ‘ I T t ’  :: a1 : I i ’  I t ’ .

“~ M i i i  u i - I i i  t a ii~l, I Pa I Sc I’ I I  1 1011 ~‘d 1 a l t  l , i I  , ‘ , I  I I ’ ~ ‘IC t ‘fl’ I I a ’ , I I c , i n , i l  \‘ :
a ’ I a ’ I I ’  O , i T l i ~’ I t ’

‘ ,~ I’ ,~

-‘5-. — — ‘ S .5, ~~~ -
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Table 343

Data  f o r  Ox’ganic Compounds:  Ga l v e st o n

ChIl n!’lel Pi pe l ine  Dred ged N a - t t e t ’ i t i

Parameter  Sed iment  lii u t  r i  , i t  e

( p g / K g )  ( n ~’ , / l  )

Ch lo r i  T’ia t e d  H y d r o c a r b on s :

A l a , !  j f l  0 . 9  2 0

op ’ DDT 1. ’) ‘~3 . 0

pp ’ DDT 2 . . ’

op ’ DDD ~ l . 4 ~ 2 . O

pp ’ D D D ‘~1. ll

op ’ DDE 1. ’i

pp m DDE ( 3 . 9

D i c l d i ’j i i  < 0 . 8  ~ i .  2

E n d o s l u i t a n  I < 0 . 9  ~‘ 1. 2
a, - ’  ~ I IL n do su l l an  I I  a’ . 4 .

E n d r i n  < 1 . 2
- ‘~~~ ) ‘

- mch l o r
I

_
I I a ’

L i : ,  me - J

PCBs 86 713

~~~~~~~~~~~~~~~~~~~~~~~~~~~
Oi l  and Grease 194 mg / k g  0 . 9  r u g / I

Tota l (‘Irganic Carl-ton 0.8 % NT

Tota l  Ino rgan ic  Carbon 0 . 5  % NT

NT j iot  t e s t e d .

7 6 4

-- - ‘- ~‘ -‘ ~~~~~ -5- ‘ -- - ‘S -
- -  -~~~~~~~~ - - 

- 
~~~

- ‘a~~~—.- - ‘
- — ‘ 5  
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
“5“ ‘

T , m h l e  3 14 14

S~t i a  I-or Orga ic i~~~i ’oui tds :  Ga lves ton

Chiw!11el L iu t i ’i a t e  Test

i ’,t I ’ , n I : i t ’ t a, ’~~’ S e d i m e n t  Water N u t  n a t e

(pg/ku ’, ) 
- 

( n g / i )  ( r i g / i )

I ’ i I i a ’t ’ I  ri~i t e d  h l \ ’ a l I ’ a, ’a ’ , I I ’ i ’o I i S :

A ’ i a i ~ ’ i i u  2 . 0 13 . 9 3 5 . 1

< 3 .0  < 3 . 0

< 3 . 0  < 3 . 0

a ’I’ ’ PDP “ 1 . 4 “ 2 . 0 < 2 . 0

~,;~~‘ i l i i I  < 1. 4 < 2 . 0 < 2 . 0

a)j ’ ’ ;’13:  “ 1. 4 ‘- 2 . 0  “ 2 . 0

2 . 0 ~.‘ U  < 2 . 0

‘— 0 . 13 ‘— 1., ’ < 1 . 2  p

I 1 : t i a - ’ , . : l l 1 , 1 1 1  I ‘~0 . 0 ‘- 1 . 2  < 1 .2

l ’, i i a l ç ’ S t C i  i a n  ~~~ < 3~ a3 < 4 .4

i : nd x ’i n  < 1., ’ “ 1 . 6  ~ 1.6

} It ~~ I a ’ I t l O P “ i t . , ’ “ 0 . 4 0 . 4

‘,, ! ,  . , i I i t ’ o i l  3 . 4  14 .3

PCB s 33 171 261

C t  l i t ’s i ’I i ’~~ , I i i  I a ’ i OtT1 ~ ’ a ’ 1 l T I  ~is
7j  1 ,jlid CIi’ a, ’ ai ~ ; t ’ 4 3 /  ;:1 ’/ k g N i ’ NT

‘Potal O u ’ .i’, a n i c  Carbon  0 . 0 1  NI ’  NT
‘l’~~ I a 1 1 norgan  i c Carb on 0 - 3’i~ Ni’ NT

NI’ n ot  t a ,’C- t ed .

76 5
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less. ‘l’he p ipel in e d ischar ge sed imen t co n ta ined PCBs at a

co it ce i it i ’a-t t i on  of 86 p g / k g ,  wh i l e  the  G a l v e s t o n  Channel  sedi-

ment  P CB va lue  was 33 p g / k g .

Galveston Entrance Channel water’ contained lindane

and aidi’in at  concen t rat ions  of 3 . 4  and 6 . 9  n g /l , respectively.

These two compounds were released in the elutriate; concen-

trations were 14.3 and 35 .1  r i g / i , r e s p e c t i v e l y .  The pipeline

db 5 C h a i 1 ’~’, C ::il’OI’li,i C ‘int conta ined l indano and aldr in  at con-
c e n t r a t i o n s  of 8 . 7  and 20 ng / l .  Though the e l u t r i a t e  showed
more r elease t h a n  the p ipel ine discharge superna t au t , it should

be remembe red tha t the  e iu t r i a t e  tes t  was run at 1:19 s e d i m e n t —

to—water ratio. Noire  of t he  DDT compounds detected in either

sed imen t  WaIU i ’C I C a l S O d.

‘l’he e lu t r i at t e  t e s t  s i t- owed a 53 pe rcen t  re lease  0 1’

PCt ~s . ‘the conce i t  t r o t  ion 01 171 I l I ’, / 1 in t h e  w at er  i i i a ,’i’ea -t sed t o

.‘6i 115/I in t h e  e 1u t r - i a I ~’ - I n  t h e  p i p e l i ne  d i scharge  s u p e r —

fla - t t  ant  a casi lcen t i ‘a - i t ioit  a1 1 73 u r g /  1 Was t ’
~’ und ; Iii is i’epi’esen I

~~ k’ t~’~~’~ ’~ ’1t t S a , ’1’~~ t 1011.

f lo uT , ;  t o t i  Ship  Cha n nel

Ch , i r a - t c t e i ’ i s t i c s  of Sj n ~~~~i n i ~ S i f t ’

‘l’he 1 iou :1 t on i  Sit I1- Ch aiiiie 1 ( U S C )  .i s out’ ot ’ I he ma ~ or

sh ~ ~p 111 1” a n t I  I I l a , 1 1 j : T  t n’i,tl a c a , ,  t s  our the  S ul f of M c x i  co . F I a ’, il 1 a ,’

110 a,le k ’iC t s  -t he  ch a - t u in e  1 , as w e l l  as the  t lire e 1135 :;dmp 1 l u g

S j t t ’S .  On A 1’u ’i l  .‘l , 107t ’  , 1 ’ F p  S t a i f t  l o o k  : ;c d i l n e I it  a t l i d  wa-rter

samp ler ; I a ’S a ’ I utx’ia-t I a, ’ I c :;  t -a f r o m  t h e  so i t t ’s . T h e  saml’l  bug

L ’o ,t t T15 t ’ ah 5, 15 t u e  Lr ’ i zr  Leddy Jones , a 1’ 3— l a , ” ot  t ’osa ,’ai’~’h V a ,’55 t ’i

t’t’ j O l l a ’, L i l a ’, ta -I t he  Un ive  l’r ;i t V o t  To x ,u ; I l i  onte d ~a, ’ at  1 l i t ~: t t t i i t a,’ . A

I’ a ’n , u i ’  , ‘ u ’ , t t ’  :;a inp l e i -  W a t S  11:-led to t ake  t l t t !  St ’a,i I lCt ’I’tt ;T~ I1 i4’ It’S , w h i ch

We i t ’ 5a,’,I led in I i Vt ’  — ‘ii Ion i’ t~t TI I i c bite ke t S - 1151’ f , l a , ’ t’ W i  I a,’ i’ S a i n t—

p ies wore t a - t k t ,’ i t  , I t  a ’a - i a ’li : ; a ,’a h i m e i ’ it  s i te  w i t h  , t  i ’ a ’~ ’ , ’ in t l  bu a ,,’kt ’ t -

f l i t  s t  S t ’ i ’ t ’ t o t ’ a,’~I u t  1 , 1 . 3 1 ’ , l i l a ’Il 01’ t L V t ’— , l I  i on  ~~I a 1S t l a ,  a, ’. 1 l’l ’ a ’\7 :;

h ly d r o l a t b  I ’ iS ’I  I l t ’~ a 1t  1’ . t C . • I t’ 1l lp eI’~ i t L ti’e , I’ l l , l i l t !  : T , ’ a, ’ a ’ j  1 1 0 a ’ a ’S

, l ’j c t , t i i a ’ a,’ Wt’l’ a ’ l ’ il ,it tWa ’ flit’ t t ’I’ L I t t a ,’t’\’,tls a - it Si  t o : :  1 ,ma ,h 3.

‘
,7 i t’
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,-~~t US C Si t e  1 ( f u r t h e s t  up t h e  c h a n n e l  and nea r the
I S  ~1’,’~ suC ; P 1 . i : ; t ) ,  two f i v e -g a l l o n  b u c k e t s  of sed iment  and one
13 . b — g a l cui  S U I ’ t 5 a ’ t ’ w o t a ,- r ’  sample  were c o l l e c t e d .  U SC Site 2
W ,1:; Oil t i lt ,’ 50111 h s ide ot  t i i t ,’ channe l  be tween  O l i n— M a t h e s o n
a - l i l a !  Ph i  1/, 11’S  1313 . ‘1’i’t r t ,’~’ f i V t ’ —~~ a- 11 ion sed imen t  samp les and one
13. 1”- a ’, d l  la ’i ;  a rid one five—usti lon surface watel- sample were

c o l l~~-c I e ~ ! ‘it  th i s  s i t e.  L I P S  S i t e  3 was located near  Buoy 87 in

t h ~ ’ ~‘i a i i ; : ; e  in S a lv e s t o n  Bay ‘th i s  area was r e l a t i v e l y  un—

~‘o1l’. u t e d  COCT 1 SU ’e a l  to  S i te s  1 a i i ~’, 2 .  t W ~’ f i v e — g a l l o n  sediment

s~u u j ’t o s  a-tut U ~‘ :i t ’ 13 5 g ~il l~’i : w a t a ,’i’ samp le were col lec ted  at
t : l i S  s it e .  A l l  S t ’a j i f l t Cf l t  a l S ,,! w i t  or u I r : i l ’ l o S  were iced down and
s e n t  t o  ‘,“a ’D I-v van , w;tet’e th ey  were  s to red  at 4°C u n t i l  e lu—

ti ’  t Ot  I L ’S.

‘ t ’ i i a , ’i ’ a t  S t ’ a i i i f l t ~j it C i i a - t i ’ -’ icta,’i ’i st i cs  and O x yg e n  D e ma - tu i a l

L i l a ’ -j e~1in ie iu  C :- ;~ I r ;j ’ I o S  t a - ik en  f rom these Sites in t he
Sa ’ i ’ t’ . i :s i  \‘,,u,’d t o i -  L’h : ;C l l f ide  c o n c e n t r a t i o n, p er c e n t  dry

I , , i ; i a !  
~~~~C t  i d e  s ise  d i s t r i b u t i o n .  The data  p r e s e n t e d

i i i  Tab le  34 5  sha ’w t he  L i t  o t  t ! i a ,- sdn lp les was i’ound to be — 9 6  my

a ’r’ US C S i t  t,’ 1 , 1$7 CIV f~~’1’ 1155—2 , lJ1J  — 1 0 4  my f o r  h I S S —  3 . The
I ’ L’ , , t , , X a,l a ’ i la l  it  L O S S  O P  the  :- ;a , ’ d i m eu u  I s  weca,’ s i m i l a r .  The mean s u l —
f ide 00152011 I r a - i t ion W O1 ’ t ’ I O l l i l a l  I a~ L~ ’ very  ii Ia ’h at U S C — i  and 2 ,
2 Oi ’ 2 ll4’, /~~~’, W i t h  at LI t~~t i i t L i i~ a,1 de\  L It  1 C a l l  of 78 and 3 4 8 3  m g / k g w i t h
.1 S L I I L ! , 1 L’ a, a i a , ’V ,L ,i I i a , ’ i;  o f ’ 2 0 1  , i t ’  :;pec t ivt ’ 1 v - The su l f i de  con-
c e r t  I I’d t i, ‘ia; of t l tese I S a ,’ S C  I OS  d J i I l i a ’t he d a ’ lI S  idered s ignifi—

c an t  ly d i i  t o -
~~ ‘ ;t - 1155 Si t e  3 h l d a l  at much lower ’  mean s u lf ide

a,’ a ’ f l a - ’ t ’ i I t ’ , i t  I a ’~~ , 633  w i t h  0 St a - i f l a , i a t l ’al dcv i at i o n  of 35 .  Percent

d i v  ha,’ i ’ P t  s w e i - ~ ’ 3 ,  i - t ’ i - ~’eui I  I c i ’  11115 —1 , 2 8  I ’e i ’cent  for H S C — 2

and 14 4 u’ ~’~ ’c~’nt  fo u ’  1 1 5 5 — 3 .  1’ ,i u ’ t  i c i a ,’ si ze  an a l y s i s  was per—

I O1’ iCa ,,’ a!  Oi l i~~’ 01 1 i i l ’ t ’ I  l i l a  h i S C — 3  s e d i m e n t .  I t  was de te rmined
tha t P i t a , ;  I :;t ’d i ; : i c i i t was 35 ll a,’I ’cen t  cl-i ’,’ , 2 2  pei ’cent s i l t , and

42  pt  i - c a , - i t  :; . t~td , whi i Ic Site 3 s edi r u t’n I, wa - i s  3 S ~~ i ’cent  c l ay , 30

~‘ ‘ ‘ ~, u t  si l t , in~l 2i ’ p e r c e n t  :; , 111a, l .

~!n ’ oxv ~’, e n dema u~ 1 .1s t a ioi’  t I t t ’ P i t a ,’ 1 s e d i m e n t  sample

Ii ;  ; ‘ i ’ ~- s en I  a,’a l  u t  ‘I ’ a-t I ’le ,a\ ,1 3 a , t  :\ p p e u i a J i >1 A .  ‘I ’ht ’ s tan d a r d
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.1eV t at  ia ’s I’ t’ t W e a ,’I l  t he  1 our  p 1:1;;; i ’anged f i ’o i : :  0 . 1  1- .’ U . 3 ,
c at  155. gooa,l l’el ’i ’ o du a2 ih  L I I  ty  . 1St’  Se~l I:: :e:1t W I ; ;  ~~~~~~ I - ‘ lOve
a:: oxv c c : :  0a ,S : ; , t :1a , i  of  5 . 8  X 10 g 0 : ~) a , l’ c . l t iC :Ia , - t C l  1. ’’ , ’

mg 0 , per - :~~ im dry  5015111 I c r  L !s ,  1 l r s t  1 1 a , Li I ( ‘i’~ L ’lc 351 -

~ lie 1~ a, were  t u tr e e  i-u sc  of t h e  o x v~-~ - r :  a , i a ,’ ? ; i a I l I a , l  C a ,  S t  S c i ;

U S C —  .1 Seaij !; ;ei l t  . The i’a:s’e 01 s t  .i ia,Ia~’ a,1 de ’~’ 1~ I t  105 , 0 to  U - 3

( L a h J . e 351 01 :\ p p e n a J i x  ,- \ )  i i i a i c a - i t e d  goca r ep i ’oJuc IL ’  1. i t ’ , -’ .
115 5— ., se a -i i ; , ,ont  a,” x’,’~~ei a, 1e;: ,,t:~~: wa s  c . 0  x l0~ g 0 , ~~0i  c U I~ic

:~e I c i ’  a - I ; ;  I - 80 mg ~ 2 5ti1’ C i ’ a i iC a,i i ’’,’ WC I a’S t ( ‘i’ a-t t ’ i e 3 14 ) l ie ;-t’
v a l u e s  are hi gher t h ai ; t I l a ,” LIo  sees Pci ’  Si te  1 scSi  n ;o i ;t  - he
p l o t s  ci’ the  da ta  t ro::: I ho se  t w o  s i t e s  a r - c  p i - e se nt e d

F i a t u t ’ e  l i i  and 1 1.’ - 15ev b o th  StioS’eS t WO — CoC:p  ose:;~ s lop es
‘1St.’ 1 a - i St  cc~tp c r i e nt s  Wel ’ t) — U - 012 s~~/ l  1~

; l : ;  a S i a , l  — o  - 0 2 0  i;;g~

min 1 Pci ’  S i t e s  1 and 1 , r e s p e c t i v e l y .  ‘ t i l t ’  f ’, 1’e~i t e i ’  S I a ’I’ a,~ SOt ’S

in t h e  plot  of u S C — i  d em a n d  was e~\ ’ p e ct e d  due to  C h i c  h I a ’, l;c~ ’
oxy g e l :  ~le n ;a n S .

Table  A - I l  of A ppa , i~d i x  A p re s e n t s  the  sedise::t

oxy ~~es Sej; ;, -t n d  ci Si t a ,’ 3 s ed imen t  - ‘L ’Ita ’ da t a  f o r  t h e  U S C — 3

s e d i m e n t  ex h i bi  t ed  a ntar’kea ,l Jj  ~~~~~~~~~~~~~~~~ t i c ; :;  t h o s e  o h  St ’ a, l : )Ct ’ 1;  t LI

f rom U S C — i  and 2 - ‘L ii~: range  of the  s tan d a r d  a, ia , ) V i a  t i Oi l S  Petu’ a, ’t’:;

runs  fo r  S i te  3 , 0 to  0 . 2  , i i i a , i i ca  t ea , !  good r ep r o d i i d i t’i li t\ ’ . ‘She

f i r s t  hour  o x yge n  up c a k e s  (Tab l e  3 4 5 )  were  lower - : 5 . 2  x I i ’’

g 0 .  per cub ic  m e t er ’  and 0 . 8 8  rn 1. 0 .  p e t ’  1-, rdln a I I ’\ ’  W t ’ i a’ i l t  - ‘15€’

p lot  of the  data , Fi gure  113 had a f a s t  co ; : ;p o i ic i i t  sl ope  of
- — l  ‘ — —1— 0 .  031 m g / i  mm and s low c omp o n e n t  s lop e  oh  — 0  - 0 0 7  iii~ ’, / 1 ; ; I I :

‘l’he g r eat e r  slopes t O P  1 155—3 sed i i ; ; a , -s t ; ;  ma-i ’ , ’ be a t t r i l ” ’a , ; t t ’d I a,’ t~~a, ’
use of a 3 cc sample .

E l u t r ia t e  Test  Genera l  Pa rame ter s

On A p r i l  2 1 , 1976 , s e d i m e n t  a - t n , . !  w , t t e i ’  S a - IILI 5 1OS S’a, ’ i ’~~

collected at two locations in Il i a , ;  u S C  ( 1 1 5 5 — 1  and .1) .  A t h i r d

set of samples  ( 1 1 5 5 — 3 )  wei ’~’ a-l l S~ ’ coil  a,’ct ed  ii; Ca I v e s ton  b, iv

near t h e  mou th  of t he  U S C .  On Apr i l  2 0 — 3 0  , Jup i ~cs I a ,’ 5 ;‘ei ’ —

c ent  oxic  dnd 2 0  p e r c e n t  ox ic and 2 0 p e t - c e nt  , l i ; ’ ’,\ I a,’ a,’l u  I t ’ i a  I t ’

tests were i-un on U S C — I  Laim I ’  1 a, ’ ;; - ;
~~;11’ I i c a - i t  a,’ S pt .- t - c e l l t ox i c
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,is j  i’ a-’s ult  of a - s l u trj a t i o i u .  Si” a , i c i f i c  C O I l d U C t a - u l l a - )e va l  a - i s - ; , ; in
t i l t ,’ t’ I l a - t l t _ , t t c ’-a ranged t’L’ori I 1, Si) U I a , ’) 2 , 1 , / 0 0  J i I l h u O S/ a ,’ili  (“~ t l i l J ” a- t i ’ e C J

t a ,’ t he s i t a , ,’ w a t e r  va lue  o h  ,il ,LtOO U i i h o s / a ,’i:~.

h l t ’ a - l ’a’\ ’__i’Ia,,’ I a - I I S

I ’ I i a , ’ a-,t a - ’) lCej l t t ’a- ,l tj O I I S  of se lected ha - ’~m v y  m e t a l s  iii s a - a-I i —
men I :sa-ii:;~-ies at the three sites in the  h O C  a-ii’o shown i i i  ‘ ;‘ ,t I ’l e

‘t w o  sample  b u c k e t s  t aken  in Site 2 W e re  a n a ly l c V  L a - ’—
cause  each  was used in a d i f f e r e n t  set of t ’lu’t r ’ i a t e  t e st s .

‘l’he a-Iat , i  show t h a t  fo r  i;ic’st m e ta l s , the  s e d i m e n t  fi ’ o ii  S lt a , t  3

is r e l a t i ve l y  u n c o n t a m i nat e d  comp ared to those  f1’a,’):i S i t es  1

• and 2 .  t,2oncen t ra t ions  ot i ron end a r s en i c  were 0 a - I U~~ V a I 1 0 f lt  in
— al l  samples .  ‘i’hue S i t e  3 sed iment  c o n t a i n e d  two to fo a S r

t imes more manganese  t han  the  S1t~~s 1 and 2 s e d i m e n t :; . ‘ I S a ,’
sed i men t s  from Si tes  I a - l i l a - I  2 were genera l ly  compai”ah1~’ in
Ca,ln C e f lt l ’ dt i a -,l i lS  of all  me ta l s  -

Sine  and m e r c u r y  co n c e n t r a t i o n s  in the Si t  cs 1 a - a - l I d

2 sa , :a ,hi i~ien ’t s  ranged  f rom 15. I’ to 2 5 . 8  g f k g and f rom 0 . 3 1 3  t o

0 . 7 4 0  mg /kg, respec tively. HSC—3 sediment contained 0.1 ~‘,/kg

151)0 a - i i i d 0 .  0 5 0  mg / k g  mercury . S i t e s  1 and 2 s ed i)ne n t  c a a ,Im in m ,

C iui ’ a- ”l ::iuni , coi’I’e L’ , and lead c o n c e n t r a t i o n s  were si mi l V r  Copper

c on c e n t r a t i o n s  were th ree  to ei ght  t imes  h ighe r  t han  t h o s e  ,ut

Site 3. Nickel coitceiitratioi s in the  S i t e s  1 ana-I 2 s ea , l im en t s ,

5. 7 a - m d  2 3 .  6 mg /k g ,  were only slightly higher t han  in t h e

S i t e  3 sed iment , 15 .43  m g / k g .  C o n c e n t r a t i o n s  of iron and
a r sen ic  we~ ’ a,t comparable  in sed iments  from all three s i tes  and
L’ a - l l l !’,eaI f rom 10 .0 to 2 0 0  g lkg and 0 . 9  to 1.1 mg/kg , respec-

tively. For every metal except manganese, Sites 1 and 2 levels

were higher than the Site 3 concentration.

Site I elutriate tests (Table 350) produced no

change in lead , chromium , or mercury concentrations. There

were losses of cadmium , z if l C , nickel , copper , iron , and , i l ’ S C) I l C ,

but the degree of loss did not seem to be related to percent

of sed iment used or to the type of test  ( i . e .,  a 1X ~~~C a-’)C” anc’x ,ic).

Cadmium decreasea-I from 1.1 pg/i to <0.5 pg/i ( d e t a ,’a- ’ t i o i ’i l i ) ) u i t )
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in all 20 percent tests. Zinc in the s i te  water  was 3 5 . 2  p g / l

and in all but one e lu t r i a t e  ranged from 1 4. 5  to 2 0 . 1  p g / i .

In the 20 percent oxic e lu t r i a t e  B , z inc  was ‘4 8 . 2  p g / i .  Nicke l

decreased slightly in all tests , from 13.6 pg/l in the site

water to a i’ange of 1 0 2  to 12.7 pg/i in the elutriates.

Copper-decreased from 5.0 pg/i in the site water to 1.4 to

3.3 pg/l in the elutriates. Iron showed the grea tes t  decrease

in the 5 percent oxic and 20 percent anoxic elutriates. The

site water  conta ined 339 p g / i , and these  e l u t r i a t e s  conta ined

210 and 274 pg/i iron . Arsenic decreased to below detection

l imit  (2  pg/i) in one of t;;e 5 percent  oxic e l u t r i a t e s  ( f r o m

3.6 pg/i in the site water). The other elutriates showed from

2 . 1  to 3 . 0  ~g /l  a r s e n i c .  Manganese increased from 76 pg/i in

the site water  to 121 and 130 p g / i  in the 5 percent  ox ic and

to 179 and 195 p g/i in the  20 percent  anoxic  t e s t s .  The 20

percent tests , however , contained 43 and 57 p g / i  manganese

M e t a l  analy s ic  r e su l t s  for the H SC - 2  eiut i ’iat e  and

plop tests are presented in Table 351. There was  a loss

from sojution of zinc in all tests. Site water 2A used f o r

the elutriate tests contained 182 pg/i zinc and the elutriates

conta ined  f i . 4- to 14 3 . 5  p g / i  z inc .  The range in the  f i v e  rep-

l ica te  20 pe rcen t  ox i c  t e s t s  was 2 8 . 2  to 1 43 . 9  p g/ i  o in c .

The p a t t e r n  w i t h  the rest  of the metals was not

d i s t i n c t .  C h r o m i u m  c on c e n t r a t i o n s  did not change . Some o

the t e s t s  showed sli ght  or large re lease  and o t h e r s  sI-a - owe S

up t a k e  f r o m  s o l u t i o n .  R e p l i c a t e s  of the  5 p e rc e n t  a - I I 1 J  2 0  per-

cent ox i c  t e s t s  did not agree w e l l .  ‘l’he p lop t e s t s  s l ; a ”~~’eS

the same genera-il variation as the s t a n a - I a m ’ ,L e l u t a - ’ i a - i t e  t e s t s .
‘I’he most  si g n i f i c an t  changes  in m et ,a - l s  c o t a - c e n t a - ’, ; —

t i ons  r e s u l t i ng  fi  cm t h e s e  t e s t s  were iii man - , ,,m ; a - e s e  l i l a - a -  mer-

cury . The site water for the aa-’iutria te tests ca -anta~ ned 3S2

pg/i manganese - Th e 20  percen t oxic eiuti’iatcs ,mi;a - I c l ; a - ’ of  t ca -

7 8 3
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‘, ‘ ‘7 : , ; a - ’ a - a -’ a- , ;”, -

a- ;e i p e a - - a- ’ c : a - t  ox i c  A a-’ lu t  i I , a - t a ,~ , m : a - a -~ “ li U a - i~ j ’l o r t a - s t  sa-” l u t i a -” : ,

c o : : t , I ’ 5 1 : e a- :  0 .  2 5~ ,n i :  0 .  10-; p~’/ l  ; “ercc; ” ’ ~~a-~S~~’ a- ’ a-’ 7

c a -a- : - a - t e  .3 e a - a - a - ’a - i ’ 2 , ,,m ’,e S  5 i l a -” \ a - a e a - a -  less  \‘ , I F , a- , i t l O i ,  i i  ma-- t a - a -i

a-’a- ’ : l a -~ , l l a -  a - , a -1~~ a- a - :~,s .  ~~mL ’ie  3 5 ’  a - ca - ca - a -s l i t t l e  cI:i:a-,~,a- a - I an’,’ in co:a -ca -” :a - —

7 l it  a - a -”~ a - 5 0 7  c :a - t ’om~ 11 ,, , C a - l a - L l l l i U l l l , a- C a - l a - I , :a - a - e; ’cul’\’ , a - l i a - ,, , , ll ’SC ’a - l  a-’ .

R e i e a s a -’ ,, I a - a -  a 1 taa -’s 7 5  , a - l J i l ; ’ a-l~ ,C 5 a ,’ l ’d f l a ’,Ca -,I t ;‘ a c ; ’a -  3~ ~ a- ’, / 1 i i i  t a - a -” s it  a- ’

W a - a - t e l ’  t a - ’ a-a- m’c a - , , a-a- of 155~ a-~ ;‘ cl ’ a-’a - 51a - t  a- ’>Jc 0) 70  ‘ 5 5 , a -  pa -’, 1 2 0

l5 a,’ 1 ’ a-’e i t  , I a - a - C \~~C a- a - )  
~~~ t a - a - a -- e ’ 7 , 1 1 ’ a - , i t a -’ S.  a - : l . s ta- a-I s e x p a - - a-’ t e a - i  L’ a,’ a-’ , ; , c - a- ’

t : a - t a -; 5 e a - L , a - a ,’ a - t  c ia - :  t ic  l i t a -’, h e s t  ‘a - , , a - : a - a -’ , a - i i e s a -’ ca-”: a - t a -~:a - t 01 t a - : a ,  t I l l a , e .

a-,’ a-,’ a -’  ~‘
a,’ a- ‘‘a,’ a- i ’ a,’ ased i a - a -  , m I ,a- ci ,.t 1’  L a - I  ta - a -  S L ! l ’ a-” I l i  S . 1. p 71 in the  a-; I, t a, ’

ls ’,l t a - ” ;’)  , m : : a - :  r s : ’ a,” ,I t:’ a-”.a - I .  -~ t o 2 . 9  in t h e  e l a - a - t r i a - m t a -”s - ‘ l f l C ’a-’ P515

so: :a-a,’ zi nc ,sid : a - L a - i~eI l ’ C l a -’ a - I S C  i a - a -  :na-” a- :t 01  t I l a - ’ oxic a- ’ 7 ut r ~ ., I 7 c 5  i r a - i

ucta -ike 01’ lO s s  t l ’ a-”i : ;  ~ o l a - a - t i o i i  seen in t h e  . I 1 l a -” X I C  e l u t i ” i a - m t a -’s. l r cn

W a - i , ’ :‘a-’a-La - ca , a -S ~~i’a- ”m 13 ~ a- , / l  in ia -c si te W a - i t  Or  t a -” I a - c i a -a -a - a -’ t i e  O ct  C C I  l, O ~~

l i t i t  t, p a - / i )  in ta - a - c 5 p e rc en t  a-” X l C  a, ’ I  ;;tridtes - It W , l O  l’ a- ’ l a - ’, I S a ,’ a-a-

t o  -a - a - i  cv ing a-IC ‘, r ee s  in t i) e  20 p e r c e t l  t a- ” l’a-iC ,li la- I dl  l ox  ía-’ a-’l  it i ’ i a-I  a-

a- ia-a - S C  Ca-~ilCe1ltl~dtiOIa-s ran~’, ea - I  fi ’ a- ” ia -  10 to a 2 5  II ;’, / 1 iron  -

I t  sh o u l d  t ’e :ia - ” t  C a - I  t i l , i t  w h i l e  t h e  7,,” t I  I~ a- ic ,l I coi a - -

a - ’ , i t  ion c t i l e  S i t e  3 5 a,’ a- itaCil  1. WaS 5 a - u te a-li 1 a- ’ I ’ a- ’c I I I’a-”r t ho:: a- ’

a-” t  t t a - a -~ p ~tes  1 a - i i i a - I  2 sedimen ts , t : ; a -’ i e a - a - a - u i t s  0 1 the  ei’, u t  i ’ i , ; t a -”

t e s t s  wa -’i’~’ n o t  m ar ’ ked I ’,’ a - l i !  teI’ a- ’~’t t wi th i’es;’a,” a-’t I C’ S e a - a - ’ ” , ’  )fla,~ t , l l s

a - u : -  7 ike 01’ (‘a,’ a-ri SC - C I I  tv  in t t i c  a-’ a- i s e  0 1 l S a - i I h ’ , i I l a - l  se a - h a- I t he
b e h a v i or  of the a - a - a - e t a - a -i in the  e lu t i ’ i a t  e t e s t s  seem to Oa -” l ’ l ’ a-” a - l p a -” I l a - t

to the  a-’a- ”~;eefltratjon in the sediment.
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7e I I  a-’cn ip cux ids

Se d il i t e l i t sdr: a -~ - l ” s  c o l l e c t e d  f rom u S C  w er e  a n a l yz e S

to ia-  t e a - a - H  n a - c  t h e  ni t  i’a- a-
~

’, e I ;  c o ; : ; ;a -oa -u~a - a - l c o r c e ct r a  7 ia-’ia - s  . The da t a

i a - - a,’ I 75  te a- I  i i ;  l a bi e  S 53 . L SC— 3 s e d ime n t  had much lower

a- : ; , : a - a - a - a - : .~~~ i, , u : J  a- a - a - ’ a- ’d~ l i c  S c on t e n t s  t h a n  the  o ther  two s e d i m e n t s .

t t S a - : — _ sec~~a - :; a -’~ a - t  ia -a -a -a-I the i u i g u a - e s t  conce ri l ; ’at ion  fo r  both  7’a-a - l ’a-a- ; :;a -’ t e r s

~‘ ;a - e i~ i~t a - ’ a- a-7ti 11 C a -~~I~~~’ O a - I 1 a - a - t  c o n c e n t r a t i o n s  fo r  U SC S i t e  1

a- I u t r ’ ld te  testz are i i s t c a - J  in t a b l e  3 5 4 .  SIa - e s i t e  w a t e r

s a -~~~- ta - c a-I a ta- :a-uch u i a -’,nca - ,a - ;, i a- a- clu iui:; concentration than tha t  seen in

a - a - a - a - ;  o t a - t ea-’ s i t e  w a - a - t e a - -  s t ’a - ud iea - J  t hus  f a r .  In the  20  pe rcen t

tcc ts , ia - a - , a - a - a - a -”, a - i~~:a-; release was h i p la - e r  u n d e r  o x i c  c o n d i t i o n s  t h a n

~u m a - i e a - ’  • a - : ; a -” : -a - ’7c C Of lL I j tj ,a-~) i l 5 .  ,‘\ l a - a - l : , cI ;j ’ , u ; a - a - re lease was aiso a f u n c tion
o : t h e  : - e i ’ c e n t  , a - e a -I i~a - , ei t vo lume in the  t o t a l  e l u t r i a t e  vo lume .

a- ’ rS, a-cl iC  S c c l a - c e I : t a - ’d t i c : , s  also i a - ; c a - - e a s e d  in il l  the elutriates a-

a - ,  t ,a-c i;a-c~’ea-ise a-a-’ a-a-~~ ;~a - ’ea -a - t c i -  i a - i de a - ’  ox ic  conditions. N i —
t r a - t e  a - i a - a - c a - ’ e a - i s e a - :  as a a - - e s -a - a - i t  of e lu t r i a t i o n .  The decreases  wer e

~a-’ca - ’ t ea -  ~ca- t a - c  hi th er sediment percentage tests.

~
a - I a - U a -a - a - : I a - i a -a- a - ; a-ca-S n i t r a t e  data for the  u S C — I  e l u t r i a t e

~~ sts ,a -ia -L rica -a - tes t a - a - a - c Ire scia -te d in Table 355 The elut a - ’ia - a - 1a -’

s l a -  a- Wa t e a - ’  a m a - a - a - a -’ i a - a - a - u ; ’ ; ,  c o i a - - : e i a - t a - ’ at  l O l a -  was ta- i gher than  that of tile

u S C — i  a-~i a - a - w a t a -’;’ . T h e  ;a- ::-a ;onium a - a - ia - a - I r i t a - - a t e  da ta  f r om  the  f i v e

i a - ’: i c a - t t e  2 0  c e ; ’ cc i u t  oxic e iu t a - i a t e  t e s t s  i n d i c a t e  sa t i s f a - a - c t o a - ’ v

~‘a-a - p a - ’ o - S a - u c i r i l  a - t v .  : a it a - ’d t C  c o : a- c e : a- t a - ’ a t i cn s  in al l  the p lcp  t e s t

e , a - - , ’a - a -  i , a - t a -’s a-~~t’ie 3 5 5 )  i n c a - a - a -a - i s a - a -a-I ova -a- a-’ that of  the site w a t e r

a - s e  a - a -  a- a - c m  I. ± I Ic t t Pay ) . i t  ap p e aa - ’ s  t nat  t ie  hi gla -er  al a - a -mo n a-. cia -a-

c c i , c e i ,  t a - it  ion i :u  the  s i t e  w , a -  t e a - ’  In i pia -t  be a reason fo r  gi’ea 7 c r

r e i e _ a - a - ; -  o ’a-,’se ‘ a-r i in tne  ‘ a- i a - ’ ’ c i ’  v o l a t t e  t e s t s .

The n i t  i’o ‘c ;’. c o a - a - a - p a -” a - m a-I a a - a -” i a -’ e i a - t a - ’ i t  i a -” 1;5 f o r  the 115C 3

e a - a - t a - ’a - , l t a , ?  t~~ S t 5  a-a -re  ~a -’ a- ’ 5 C f lt e d  111 Table 356 .  The s i te  w at e r

i a - i a - i  a - i ia - ”W~ ’l’ , ; a - a - ; n ; c i ; i u : a - a -  coa - c e rit r d t i o f l  than the  Si tes  1 a i a - a - I  2

w . a t e l ’  s a mp l e s  - The  a - a - n - a - a - r ” i a - iw a - a -  re lease was also less than  t h a t

a - ) ,  s e I ’ V a -’ a - ,  t’ ra-” ra - a -  t a - a - c  c a - t a - a - e i ’  t w a - a- sa -’ a - h i m e n t s  . However , the a- l l tui i oI i i a - i la - ,

a ~~~ t e r n  r e s e i a - ; t ” t a -” a - L tn a -i t sea-’n ii a- t a - i c  i i S a -’— I  t a -” s t s  , l’ a,’ i a - ’ , a - : a - a-

wia - ; a- ’; ’ a- - a t a - a - ’  L l f l a - I C l~ oxic conditions ,u;J i a - a - h a - i a-S iam ’ p e r c e n t

a-- s / 

--~~
r — —-— — — - —- -~~~~~~
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r lad b le  353

N i t r og en  Coi i~poun d  C o n c e n t r a t i o n :  H o u s t o n  Shi p

Chan nel Sed imen t  Samples

(mg N / k p )

Sa-ii;;p ie Organ ic  N Ammonium
Locatia --Il Si SD X SD

liSp—i 975 36 182 9

u~~S a - i — 2  1113 51 218 22
I i S C — 3  221  34 83 17

Mean and standard deviation calculated from duplicate
dli3l VS~~S.

Table 35 4

Nitrogen Compound Concentrations: Houston Ship Channel

Site I Eiutriate Tests

Samp le Organic N Ammonium Nitrate
Desi gra-ation SD ~ SD ~ SD

Site Water 0.60 0 .0 3  3.60 0.04 0.32 0.01

5% ux i c  A — — 6 . 7 8  0 . 0 4  0 . 2 6  0 .01
B 1.73 0.14 6.85 0 0.28 0.02

20% Oxic A - - 13.65 0.07 0.16 0.01

B 1.40 0.34 14.72 0_ il 0.10 0.01

20% Ara-oxic A 1.26 0.60 11.22 0.0’4 0.12 0.01

A arid B are replicates. - -
Mean and standard deviation calculated from duplicate
analyses.

Dash (‘- ) indicates data not available . ‘Il
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‘i ’ , i a - - I e  3 1 - I a -

a - ; : - :  i i i S  u t  i t a -  C o i a - a -’ a - i t  i i i  t i o t a - : :  H ; a - s I a -~ii  t O m  ‘ h a , I i a - l , a ’

S i t  a-’ .1 1 i a - a - i ~ SA ,~~ L,, a-,,Li1 I I~ la ii~ ‘ i a - ’ : :  l a - a -
a-. a- i a - ’, :~I a-

S - i : ;p La -i ‘a- a- a - a - - a- -n  L a - l I l a -  N ; I i a - a - ) a- ’
11 a- a ;  i a - - t ic! I a - a- I l  

a- - a- l a  L I D

L a - u I c  La Ia,’ ‘l ea-; ta -m

S I t  a,’ h / i  t a - n ’  , .  a - i 13 0 0 - , 1 a - ) . 0~i
5 . 0, ’ 0 . 0  0 .  L ;  a - i . 0 ’  a-

-
- 

LI a- a - _ a-I l  0 — U a - ; t) . i i . - a-)

. 0 1  a- a- x i c  A 1/ . 7 0  a- ) . 1i ’ 0 . 0 /  Li

[1 1 / . 0 0  0 . 1 4  0 . 1 /  U . 1 a -’~
a- ’ I I - . 00 U .  a - ) !  0 . 0 ’! a-i

[ a - ’  — U t ’  a- ) — L /  S . h a -  a-) a- .

[ h a _ a - i l ’ 0 . 0 ’! 0 _ a - l U  a-i . ; ) ,’
I t )  ‘I Ai m a - ’ a-a-a- i a - ’ :\ 10 . 1, a- a- S . i i 13 - a-) 0 0 —

S I L , ’ 
- 30  5 0 .  I Li 13 - 131

l i a - i~~a- a- a- S t a - a - :

I a - I  Ic N a - i t  a - a - a - ’ ‘a- a-) - 0 !, - -a -’ L) 1) . 35 a- ) - L i i

~~ 1)  — — 0 . 1) ; ,  0 . 1 3 ,’

I, a 1 )  . 2 _ a - i ’  a - i  U i a - 3 0 _ L U

1 a - a -  1) ‘ . 2 5  a-; . 13 0 . _ I S  a - i

,-\ , 13 , C • ; , , i i ;-  1 Ii a - I t ’ , ’ i a - l i ’  I ~i a- ’ , it  a,”s

t I a - ’ , t i i  a - t i i a - I  a - a - I  , a - n d a -i n ’ ,, h da-’v i a - i l  O i l  a - a i  L a - t i  l , I t t ’ a -h t l ’ a ’fl ;  a - i U p 1~~a- ’ at  a- ’ ; i i i a - i  i \ ’ S a , ’ : a -  -

a- a- a - u i  t — )  i i t a - i i. a- ’ , i t  a- a - S  i l a - ” , t i a - , i l ’, ’ia- I S  a-hja-’ ta-i L i i a - ; u t  I i a - ’i a- ’ll t a - a - , i i )~ ’ la - ’
I l i l a - i a - ’

ha - t a -t f l a - I 11’a - i a - I a ,’ V j , i t  I a l a -  I ‘a- ’~~ ii” i’, a - Ia - i a -i to a - ia - i l  \ ‘ t i Cd I a ’ ( ‘ 1 , 1  - 
-

‘1 05

_ _
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‘l ab i a ,’ 3 51 -

I a - l a - t  l ’ogeli  Compound (.‘o t a - e e i i t r a  L o u  : H o u st o n  Shi p Cia -anne!

S it e  3 E l u t r i a t e  ‘rests

(isp ,  N / i )

S~a - lIa -l  a io Oa-Oi an ic N Ammon i urn N i t r a t e
Pa-’ a- ’1~~ r a -  i t  ion — — —- ‘  ‘ ‘  ‘ Si 121) N SD N SD

S i te  l~, i I e a - ’  0 . 5 1 1  ;i  - 
a - ; 1. 0 8  0 0. .25 0.01

b~ O X i , a - a -  A — — ,‘ . 9 5  0 . 1 0  0 . 3 2  0 . 0 1

B 0 . , I 8  0 . 0 7  ,1 . L 5; 0 . 0 4  0 . 2 ;  0 . 0 2

,‘O ’i ’ C x i a - ’ “a- “a - O Ob  “0 0 .11 0 0.1 1 0

1; — — 8 . 1 3 2  0 . 0 5  0 . U a - a -  0 . 0 1

.‘O’i A i a - a -’x i c  A 0 . 1 . ’ 0 . 1 3  131 . 5 0  0 . a - 1 La - 0 . 1 0  0

LI - - 7 . 1 1 3  0 . 1 3  0 . 0 3  0 . 0 3

,‘\ i r a -I  B , a -re ~
‘ a- ’ I a - 1  i a- a-

~ I t  Cs

Sia. ’, a - i a -  and s t . a i a - a - I a - i ’a - t  da,; v ’; a - i t j a - t i  C i  I a - ’a - il a - a - La -’d I i ’ a- ’ t i a -  a - h i t I ’ i i c a - I t a -’ i a - ; , i l v a - ; a ’s -

1a - , a - a - ; h ( —  ) i u d i a - a - , i t e a - ;  no a - I a - I  a- a - i v , i  i 1 i L ’  La - ’ .

a - ; a ’a - l i i n en t ,  a ’ .ta - i t i’a - , a - tta - s . a- a- ;’p, a - it a - ic N w a - a - a -  I ;  i ‘, h e a - ; t  in  ) lie [a- I ’ a-’l’ a-’a- ’ ll t

e l ut r i , i t  a- ’. N n t i ’ , i t a - ’ a- P a - C I a -a- a - i a - a - a - a -d in , i  I l  “ i a - i t  t i c )  a- ’s a- ’x a - ’ a- ’ pt  t h e

l’ a .a - C  l i t  ‘a ’ [ ” i  a- C a - i  i a- ’ A .

‘ [ ‘ a- ” )  - I l  ‘h ia - ’ a - ; p l l a - ’ i ’ l a - S a-’a- a- i a - a - ’ a- ’ a - i t  ;‘, a - t  i o t ; a - a- i i i  Ui , ’ a - ; , ’ a - h I ; :a - , ’ i i  t a - a -

a - i a -a - c a - I i l l  L i l a ’ i l l - a -’ a.’ i:it c i a - a - t a -’ t a ’ : ;t a - ;  a-U’C j ’t ’esa -’i; ta -’ I  1 . 11 L a - i t ”  l a ’ S 5’! -

S i t  a-’ 2 sa ’ a - h i n i c i i t  , i l a u a - e , a - i : a -  7 a - a  h a - ’ ’ t i a - a -’ a - i a -” : 1  7 i l i O ,illv a- .’ a- ’ i  a- a - i i l i i  c i )  a- ’ a - h

Wi  I I i  pIta-a- a- pu ” ;  ‘ii  a - ; a- S i~ I a- ’ 3 t I ia - ’ a- ’ - I  a - a -  t . ‘l a - it  i a - a -  Ia ’, ‘ a - i  I a - i  i a - ’ a ’ X l ’ a- - a- - t a - a l

Ca- ’i a - 5 a - I a- ’ i ’ l l l a ’, t i a -c i’ a- ’ 1 , 1 )  a - v a -’ I Ca-’ I t l a - a- l a - a - a -  a- i t  t l a - a -’ S a i l i l l ’  1. .L l i i , Si  I

‘ i a - a -  i i  a ’ ,~ I a - 0  I ’i ’ a ’a - a - a- ’ l i t a - a -  t h e  a - a - a- ” l. a - a - l i e  a- ” i ’ t  ha - i I ’ I i o s 1 ’I l ~
i )  0 a-,’a-~ l l —

c en t  a-~al t .ja- ’ iu a - ; u t  I h u e  l i l a - i ’ ‘ l a - i  t a - H E , ’:: . At a - a-a-_ i  I i i  I l i e  a- a - a ’ a - i i a - a - a - a - r i  t t a- ” t , i  1

‘ a - i a - a -  C a ” I a - a -’ a, ’ i a -  t 1 , 1  t i a- ’ i a - : a -  , t l a - a -’ h a - i  p, ia - a ’ ; a - I l i l a - a- ’ a - a - i t a- ’ a - a - a - i  I a -’;’ a -a -a - i  a - a - L a - i a’

a- i l l  t a - ’ p a - ; a ’ , a- ’ l i l t C  a- ’a- ’ t a - a - a- ’ l a - t  i ’ a - i t  i~~ ’ l ;  ( ‘ l  i a - t a - ’, 1’/ 1 P51::  ! a- ’a - i n - I  i t  a -’ h a ’

in ’  I a- ’Wa ’ : I ( I - ,‘ i a - a - a -’ 1’ / 1 ) I i  I l ie 13 i t  a-’ S a - I, ; va - - a - a - I a- a - i a -  5, iv ) a -a -’ , a- t a- ’ t ’ .

a - \ a - ;  p i  ‘a - v  ou t ;  Lv a- I j : a- ’ ; i a - a - a - a - a  ‘ a - i a- t a - a - a -’ a -’ t a ’ a-a-’, i t  a- - i ’  a - i a - a - a’ a - I  I a- a- i ’  I in’ p L a -” I I a - s i

p i a - a -  I r em 1 1 1 1 a- ’ I I h a - a - ’,’ - l h i , ~ a - : a ’ I a - i t ’  1 a- ’ a- a - i ’ )  I i , , ” I’ a- ’ , na -’ a- ’ t i t  1 ’ .; 1 ; a- a- i l  ; I t

j i l t  P - i  L i  - w a - a - a -  P - Ii a’ a -a - ia -fl ’, l’ i 1

/ a- Li

-
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~~~~

-

~~~~~

a- -a- -

~~~~~~~~ 

_ _ _  ~~~ii~~ a - ,  - -~~~~~~~ .



-~~ ‘- _ -~~~~~~~~~~~ -— ‘~~~—-- —--- a-—

Table 357

Total  Phosphorus C o n c e n t r a t i on s :  i-h ouston Shi p
Chdnnel Sediments

(m g  P / k g  dry wei gh t )

Sample Total  P
Desi g n a t i o n  X SD

S i te  1 1968 —

L a - i t a - )  2 2 9 3 6  —

S i t e  3 54 6  3

ia-lean and standard deviation calculated from duplicate analyses
of one di ges t ed  samp le .

Dash (- )  indicates a sing le analysis performed.

The HSC—Si te 1 elutriate tests showed uptake of

so lub le  o r t h o p h o s p h a t e  d u r i n g  5 pe rcen t  ox ic  e l u t r i a t i o n.

The a p p r o x i m a t e l y  50 p e r c e n t  decrease  was f r o m  1.7 mg P / i  to

0 . 9 7  and 0 7i3 mg P / i  in dup licate eiutriates. Both the oxic

and anoxic  20 percent tests showed release of soluble ortho P

upon elu tria-ition . In the oxic elutriates , the increase was

ibou t two-fold; in the anoxic eiutriates , it was greater than

fiv e—fold.

‘lu c re was a substantial decrease in the soluble

a - a - i  t [ i op [a -a - ,a - S p i a - a - i  te concentration s resulting from 5 pe rcen t  oxic

eiutriation with HSC—Site 2 samples. Eiuta-’iates contained

a - ih,’a-’u t  0.3 mg F/i whereas the si te water coi;cei’i t t’ a-ition was 1.1

a-i~ , P/ i. The Site 2 20 percent oxic tests , in general , showed

L i t  tie change in the s o l u b l e  ortho P concentration . Foa-i;’ of

t h e  f i v e  rep licates had between 1.9 a-a -nd 2 . 9  nip, P . 1 , the  f i f t h
w a - ia - a -  0 .  133 na - c- P / i  - Substantial ccl e , 1 a - a - e  was found a - it; a - la -’i’ a - a - n a -”x i c

c o i a - d i t i ot i ;- a- ; elut i’i,i te coia -cea-a-tr at ia - a -a - i s wa-n a-’ U ,a-~ d 11 rng P / 1 .

‘[‘he 1 1 1 S f — S i t , ’ 3 s e d i m en t  showe d l i t t l e  so lub le  a-’a - i ” t i a - c -

p [ t a - a - a - ; p lia t aa - release dun ’iu a-1’, eluti’iatc te:;ts . Both  the  S ,in d  20
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T a b l e  3 5 0

Scaiubie Ort i iop hosp h at e  Co ta - cen t  I ‘ a - i t  ~~O f l5

F l o u s t o n  S h i p  C h a n n e l  E l u t r i a - I t e  arid Plop Tes t s

(m g  P / i )

Samp le S o lu b l e  S i t - ho P

Da ,’Sia - ’5 a -d t  ion N SD

S i t e  1:

Si t e  W a t e r  1. 7 0 . 015

S°b Oxic A 0 .97 0 .0 0 6

B 0 . 7 13 0 . 0 0 6

2 0 %  Ox i c  A 2 . 7 0

B 3 . 8 0 . 0 0 6

,~0% Anox ic A 9 .8 0 .07

B 9 . 0 0 . 035

S i t e  2
E l u t r i a - l i a -” Testa -a-:

Si te  W a ter  2 .1 0 . 015

5’L Oxic  A 0 . 32 0 . 0 0 2

B 0 . 28 0 . O O i

20 ’l~ O xi c  A 0 . 53 0 . 0 0 7

B 1.9 0 . 0 0 1 3

— C 2 . 0 0 . 006

D 2 9  0 . 0 0 6

Fl 2 . 7 0

2 0 %  Anoxj a - l  A 11.0 0

B 9 . 0 0 . 05 8
} ‘ l a - ’ p  T e s t a - a -~

S i  t a -’ W , i I a - ’ t ’  0 . 0 7 9  0 . 00 1

( 2  1) 0 . 39 0 009

( 4  1) 0 . , 12 0

( 8  1) 0 . 2 6  0 .001

( C o n t  ;nu c a - 1  )

79 2
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~
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‘I’d t a - .La -’ 35 ;)  (a- ’ a-a -ii c iu a - Iea - i)

a - ; a - nia -~ a - i c  Sa- a - a - tit,ibia a-’ i_ u i _ l a - a - ,  I”
i ) e s i s , a - a - a - it i o i a -  Si)

S i t e  s

S i t e  a- ’,’ , i t ci ’  i . .  L) . 0 0 5
a-j ’l, a - x a -. c ,‘\ 0 . 2 1  0 . 0 0 1

5 0 . 3 2  U . L 1 0 1

2 U ” ~ a - ) x i~ :\ 11 .9 1  [1 . 1 3 2 5

B 0 . 3 1 3  LI .0 0 1

2 0 ’~ :\ia-a- a-
~\ic :a- a- 1 . 2  0 . 0 0 t a-

B 1 .4  0

A a - i a - a - a - i  I ”  ~i t  a - a -  i ’~~p L i  ca -I t e s.

II ea - iia - it a - a - t  5 t a - iia - a - h51a - ’, I dev~~ a- a- tia - ’i a - CdiCa-i.h. a - i L a -’a-i i a - a- a - I a - a - ti’I ‘iic a -t e  1’
a - i i ; , i L y a -a- a- ’ a - a -  o f  a- a - i a - a - a -  a - a - i a - a - a - p i e  -
‘
~ ‘ia- a - - t e a - a -t a-; , a - , .a- c a - L  L f li o t  t S,iv s i te  n ’a t e a - - .

p er cen t  a- ”\ ’l a- ’ L a - a - i t s  a - a - l a -a - p a ’S a - i C a - a - l ’a, ,j SC S  in a- ’a-”n c en t i ’ a - i t  a- . a- ” u a -  a - a - S

r e s u i t  o t  a - i a - i t a-~~I , i t i a -~ n a - I a - a -’ a - h a - a -~~’ 1 2 a - 2 , i ) a-3 a - i r ; a -’ x : c  t e a - a - I s  a - a - ha -a -a - a - a- -S i a - a - a-

c h u , a - i a - a -’ a-a- and a-i u l  L i f t  i n ca - a - a - a - i s c in a- ’ a-) i ; ce n  t a - a - i t iof l  a-1 [” a- ’Ve t t a - a  a- a- i t

La - a -a - Site P a -a -t e l ” .

S i f , i l i lC  Col : a - ; - a- ’u i a - ds

D a - i p l i c i L a -’ Ia - )  p er c e n t  e i u t i ’ i a - a - L a -’ t e s t s  c’a- ’ i ’ a-’ i - i a - i ;  a- a - t a-

~ a- ’ d i ; , a - a -’ a - a - t  au ’S w at e r  s ini ~- .[ a - .’s f a - ’ a- - l : a -  l i S a - ’ Sites 1 a - n a - a - a -  2 .  i s a - a - a - i  L v ,

t a - a -  t a - a - a ,’ ,1: ; ,i  i.v~~cs t a - ” t  c i a - i a - i ’ i u a - a - i t e d  L I V a - i i ’ a- -c , i’b a - ’ i l  [‘ a- ’ St l c  L a - a - a -  a - a - a - n a - S

a- t a - a - a - i a -’ is  a- a - l i l y  c i a - a - a - i a - h  s a - il a - i l ’ h a .’ to run  a- a - a - l a - ’ a- - l u )  i~~i a (  a- ’ Ia -’ ;;

a- i ’  a - ; i te . ‘ l i p ’  a-~~I n a -~~a- h~ . s I l a - l i ,  t i a - a -’ a - a - a, ’ S .i t a -’s wa-’ t’e a-loll a - a - a -  t a - - a - I  P 1 !  a-a-

t l te a-n - a- ’c I a - i c  ob j a- a- a-,’ t  iv a -,i of o bt a i n i n g  a-- i a - a -a - a - i a - l i  S~i t a - l [ ’ i a, ’ t a - - i ’  a - h a - I [ ” l ~ i —

C , i l a -  - t a - S I  S to I -a - ’ i ’ : i a - a -  P a- a - i ’  Oi’ a- ’, a - i i u  I a- ’ 1 ) 1 , 1 ,1 \ ‘ L a - C S

N a - a - s t i l t  a - a -  a- a .I oi ’ a- ’,a - il a - ia-’ , i l u , a - i y a --l eS  o I the a- ’ L a - a - t n ’ j , a - t e  t e s t  a-;

i t ’ ,” a - t a -’ s e t i t a - ’ , i  i n  , ‘ , ; t ” i a - ; a - ;  3 5 13  and  3 1 ’O .  in  a - l i l a -’ I sa,’a- I j i a - i c ; ; t ,

a l d r ’In , i -p ’ DP i ’ , op ’ a- i a -L , P1” ’ DDL~ a-I .I cIa - i r a - in , iina - I ,iia - a -’ a- a - a - t a - a - i  [‘CBs

w’,- i ’ e a-ia -’ ta-’cted l’ a-’B a- ’ a- ” i i l a - i t a - u L i i i  i a - a -a - u wa-is high ; va ia-i ,’s a- a - I  5~~~U 5

7 , 13

_ _ _ _ _  _ _  _ _ _ _ _a - - -  ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~



‘ a-”

-: Table 359

Data fox” Organic  Compounds: Houston Shi p Channel

Site 1 E lu tr i a t e  Tests

Parameter  Sediment  Wa te r  E lu t r i a t e
_ _  _ _  __ A B A B A B

(~i g / kg) 
‘
~~rn~7TY

C h l o r i n a t e d  Hydroca rbons :

A i d r i n  5 4 . 7  4 6 . 0  < 0 . 5  < 0 . 6  3 1.8 39 . 1

op ’ DDT < 3 . 0  < 3 . 0  < 3 . 0  < 3 . 0  < 3 . 0  < 3 0

pp ’ 1)i 1 ’i’ 9 6 .8  7 3 . 5  < 3 . 0 < 3 . 0  4 9 . 0  4 6 . 8

op ’ DDD < 2 . 0  < 2 .0  < 2 . 0  < 2 . 0  < 2 . 0  < 2 . 0

pp ’ DDD < 2 . 0  < 2 . 0  < 2 . 0  “ 2 . 0  < 2 . 0  ‘a- 2 . 0

op ’DDE 238.1 215.5 <‘2 .0 <2.0 92.0 119.7

107.7 95.1 “2. 0 <2 .0 58.7 54.5

88.0 74 .8 “ 1 . 2 a -’a - ” 1 .  I a - a -  4 4 6  4 0 . 1 3

E na - i ca - a -L i l f , , n  I ‘a- 0 . 9  ‘~0 . 0 <‘1.2  ‘- 1 .2  < 1 . 2  a-’ 1 . 2  P

E n d c a - su i f a r t  Ii ‘a- 1.7 <1. 7 “ 2 . 2  ‘- 2 . 2  ‘- 2 . 2  <

F;a-drin < 1 . 2  < 1 . 2  < 1 . 5  ~ i . i a -  ‘- l . s L B

H a - - “,ch ior  0 . 3  < 0 .3  < 0 . 4  ‘- J . a- a- ‘ - 0 . 4  < 0 . 4

L3 a- . , a i a -~’ 3 2 . 11 3 3 A  3 5 . 7  2 9 . 1 3  2 2 . 3  2 - 3 . 7

F ’ i2Bs Sa -’O S S 4 5 a -  <13 “ a - ’  12 . 3 2 , ” 11 , 188

O t h a ,’i’ O ; ’f ,~i I i .i c  L ’ a- ia - a -~ ’ a - a - ; i~ a - a - i ; a -  a-g /I ’a-g ) (m g / i)

0 13 ar i a-I a - a - l a - I S a ’  13517 521 8  ‘— 0 . 5  “ 0 . 5  7 3 . 3  a - a -,a- ~ 1,

‘i’ c a - ta i O t ’ a - , , I I ) i a - ’ a-,” c ! ’ t a- , a- i a -  O . a - ’  2a- a-) . 6~, iS i a - 3 7 4  i l_a - I ’

i’c ” t a l  I na - a -  ‘[ ‘ ‘1 t i l t ’ a- liS a- a - il 0 .  ,3 a- ’ 0 .  I f  2 3  . 1  a - ; 120

A and B , i s a- ’ c c j’I  i c , i t a - a - s  
-— a-

a - a - Ca- a - i ; i L a - ’ ’ i i a - a - l a - i c  t a - a -  t a - a - a - I  a - i ;  t w a - ’ a- ’ a- ’ l a - i i i i i a - s  -

_ _ _ _ _ _ _ _ _ _  

-



Table 360

Data for  Organic Compounds: Houston Ship Channel Site 2
Duplicate 20 Percent Oxic Elutriate Tests

Parameter Sediment W ater Elutriate
A B A B A B

( p g / k g)  (n g / l )  (n g / 1)

Chlor ina ted  Hydrocarbons:
Aidra -in 40.7 5 4 7  9.9 5.8 10.7 14.5

op ’ DDT < 3 0  < 3 . 0  < 3 . 0  < 3 . 0  < 3 0  < 3 . 0

pp ’ DDT 5 3 . 5  8 0 . 2  < 3 0  < 3 . 0  7 . 5  13 .4

op ’ DDD 7 8 . 8  9 8 . 8  < 2 ’ .O  < 2 . 0  2 3 . 2  3 4 . 7

pp ’ DDD 9 6 . 8  1 4 3 . 5  < 2 . 0  < 2 . 0  10.5  2 0 . 1

op ’ DDE 14 2 . 5  183 .8  < 2 . 0  < 2 . 0  4 9 6  4 5 . 0

pp ’ DDE 63.4 90.1 <2.0 <2.0 12.3 17.8

Dieldr’in 52.8 73.1 <1.2 <1.2 2L6 16.6

Endosulfan I <0.9 <0.9 <1.2 <1.2 <1.2 <1.2

Endosulfan II <3.4 <3.4 <4.4 < 4 . 4  < 4 .4  < 4 . 4

Endrin <1.2 <1.2 <1.6 <1.6 < 1.6 < 1.6

Hc achior 43.2 58.3 6.2 5.5 11.5 14.8

Li:,,,ane 21.8 15.4 22.1 16.7 7.5 8.6

PCBs 7 7 6 2  8 0 7 4  57 70 9 6 5  7 7 9

O t h e r  O r g a n i c  Compounds  (m g / k g)  (m g / i)

Oil and Crease 3881 3386 <0.5 <0.5 44.0 49.9

Tota l  O r g a n i c  Carbon 0 . 5 %  0 . 5 %  15 18 107 173

Total Inorganic Carbon 0.3% 0.2% 23 21 127 130

A and 13 are replicates.

_ _  _ _ _  ~~~~~~~~~~~‘-~~~--- “-- - -  - -“ - -- - — -- - - - a-



atu d 5 4 l _  ~up /kg were found in the duplicates. The oil and

a-ia-ea se content was 6517 and 5218 mg/kg , and the percent total

organic carbon was 0.6 percent for both samples. In Site 1

water dieldrin , lindane , and PCBs were detected , but only

i i :, a -~ a- ipe  was measurable above the detection limit .

In spite of the high oil and grease content of the

se-a-L ira-a-ent , in the elutriates there was release of every compound

identified in the sediment except lindane . In fact , the Site 1

elutriate PCB release was the highest found in this study. PCB

values measured in the duplicate eiutriates were 12 ,322 and
,,,l ,1s8 ng/i.

The Site 2 sediment contained the same pesticides

as the Site 1 sediment : op ’DDD , pp ’DDD , and heptachior were

also detected in measurable amounts. The PCB values (7762 and

8074 pg/kg) again were among the highest concentrations found

throughout this study . The oil and grease content was hi gh
(3881 and 3386 mg/kg), though not as high as in the Site 1’

sediment. The total organic carbon was 0.5 percent . In the

Site 2 water , aidrin , heptachior , lindane , and PCBs were de-

tected in measurable amounts. All compounds (except iindane)

which were detected in the sediment were released during the

eJ,utrjate test. The PCB concentrations in the elutriates were

high (965 and 779 ng/1) but not of the order of magnitude of

those found in Site 1 elutriate tests.

Bioassays

General physical and chemical characteristics of

elutriates of HSC Site 2 sediment and US EPA Reconstituted

Sea Water22 are presented in Table 361. The data show that

the totai ammonium nitrogen content for the 20 percent sedi-

ment tests was 13 to 14 mg/i, with approximately 0.15 mg/i

present as unionized ammonia. The total arnmonium nitrogen

content for the 5 percent sediment tests was 5 mg/i , with

0.11 mg/i present as unionized ammonia. The data in Table 362

show that no significant changes in the concentration

796
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t I a - a -~~~’ t  a- a - ”  ‘ a - a -a - 1~ a-’han:a-e 1 . te , ia- a - a -a-a f 1a -.~~~~~L I I J  a - i l I L a - 1 l  a- ’

Sa~ i ;a - la-u T~ t a -
_
i l  A t a - a - ; a - a - - a - a - a - 1 a - a - a - a - a -, U ; a -~ - - a - a -  .1 a - a - > :’ a - i Aa- ,Tc t a -  a-i a- I

a- a- a- ’ S l a - ’ a - a - , a - t  a - n  a - - a - i  as N ( t a - a - i l / i )  a - i S  1 , 1 ,  (a - a - a - a - /i)

C a - a - n t a - ”- ’ L  A 8 . 0  13 . a - 3  < 0 .01

0 . 2 0  -‘ 0 .0 1.

A 7 . 13 5 . 1 3 1  0 . 1?

ii 7 . 1 3  1 3. 7 1  0 . 1 0

2 0 %  A a’ . 7 12.10 0 .1’

B 7 . a-a- i , ’ . 1 3 0  0 .14

A ~i : a- :  B aa-” a- i’ a- ’ a - i i c a t e s .  
a

l _ e n a - p a -,-a - ” a - ;t u re  11°C.

02  a ta - ua - a - a -a - i a - i  a-a- a- a - a - t a -i a -a -k ~
“ l a - a - p a - a -  a-a -v a - r  t a - a - a - a -  9 1 3 — a - a - a -a - u i ’  te a - a - a  -1’a- ’i . ’icd . In

u d , . ia  I I P ’ i a - ,  ti.ei a -a-a- w a - - c  Ll a - l t l , i l i  a- !C’ a - I ’ C a -- j S C S  iii the  0 .0 .  ca - a - t i a -’p i i t i ” a—

~ i~~ a - a - a - a - a - I a - a - a -  I ; a - - :i ” a-a-,.i a - ; a -a- a - a - i eva -  is a > t u rf  a - a -.a-itV .
a- 

ia-he a- a- . 0. de a - a - a - ’c a - i a -- a - a - a -s in the  13 pei’ a-’ a-” n t  Se a - l i f l a - e f l t  t e st s
a-i a - t O ! ’  the  a-a -i a - c—ha -a-u i’ set  t i  a- a - i a - a -  j” a-~r I a -a - l  n ecess  i t a -  tea-I a - a - a - a -i sa -a - a - a - il

a-J~ i i  t ional  3 0 — t a - a - i : a - - a -  a - a -’ , i ea-” at~~a- ’~ a- p er i o d  t a -a - ra ise  t h e  a- a-. 0. a-’C t lCOl l

L a - ’ a - i t i a -.-n to a level  a-s’ 1 a - a -a - i ’a-’ a - i a - i a - i l t l a - a- I i a - I .L O a-’a-\’ a- ’, a-’Il dema-i n a-i would  I a - a t
1cwe~ the  0. 0 .  c o t a- c e n t ra  t ion t a - a-’ lea -C I a - a - g i l  - 

a- - a - a - 1a-a- 1 3 1 3 3  Sh a-”wS

t ha t  thc  1 ’ . 0. a- ’, a - i i a -a- a-a - i a - t i’a tj oia- s of t he  h i a -a- a - i s a -a - , a - a -, ’ c ia-i t i ’ i a te  waters

ii a - a - v ei’ a-ita - a- ’reased to t a - a - a - l e a - a -  I m g / i  over t a - a - c  9 1 3 — I a - a - a - a - a - a - ’  t a-’ a - a - t  3.’ e i’i a- ” a-I

‘l’he a - a - a - a - s u i t s  a-a - f  the  heavy  ;a - ;a -’tal a i ;a - a - iy s e s  o f  t h e s e

L a - i O a - i P S a - i y  e l u t r i a tes  a-nw ’ ~
- a - a - ’a - a - s e n t a -” a - I in  Table  3 1 3 4 .  T h e  data

show a - - a-’ l~~a-~~~a -a - s of both ii ” a - a -n  and mUa-na-’, a- a-t ’Dcs e. The i ’eleasa-” a- a - I  i a - a - an—

a - l a - i a - lOs e  WaS u’e i .a - t i v e l y smal l  : i i 1 a - 2 I ’a- ’d SC S  wa -’a - - c  a-4 0 p g / i  iii t b a - a -’ 5

percen t  t e s t  and 80 p g/ i  in t h e  20 ~- a- ’i ’a - ’ c i a - t  t e s t s .  ‘i”; i a - ’ da ta  
a-

show t h a t  large amoun t s  a- ’ t ,L i ’OI a -  W C I ’ a- ” r e l e a a -a -a-’d t a -’ ta - ha -’ a- ’ iu t i a - .i a - i t a - -

w a t e r s  W it a - ’a- c o n c e n t r a t . a - a - a - i a - a - ;  a- a - t  a p p r o x i t a - a - I t a -’ly i m g/ i  and 2 mg / i

‘1 a-i 8
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i_ i a -  a- , a - ,e ta- a - a - i a - h  213 1 ‘ a - a - -a- ’:’ a - a - t  a-a- a-a- d i t a - a - a a - i a - t  t e s t s  a- r e sp e c tiv el~,’ . C o p , , a - ’ a - - ,

~~Oa -a- I , ~a - : , ,  a - a - I c k e i  a-”- ’ t a-’ l e a - a - a- v a - a - C a -  f t - - ta - ,  t h e  e l u t r i a t ’ -  a-~’ a - _ a t e r s .  no

S a) a- ’, i a -  _ I ~a - a - a - a - a -  a- d i a n a - a -es a - ’ a - - a - a - a -  t a - i c  t a - S  t Wa -’) t a - a -  1 c o ra -cen  t t a - a - t a - a -
a- a - a - i S  ‘PO!’p

o b s -  a- a - a - y e  a-i f o i-  - a- - l a - a -  : a - a - ,  l um , cad ta - a - l i a - ra - a -  , Z j a - I C , ~iI i a - ~l ra - :ei’cury

T a - a - L a - i c  J t a - 5  ft ’ e Se f lt S  a -h a - i  a - - a - a - sp i t s  of t l a - a - a -  L a - I -  - a- a - S a ’, a - a - i

‘~~si :, a- ” P .  ~ a - a - a - i a-a- for  i i a - a - , a - s~~~a- ’~~a- I a - l a - i a - a -  a - i a -a - i r a - t a - p a )  S t e  2 .  E x a n a - i n a t i - a - - n

of  th e  I I L - i a-a- a - l a - a -  a - a - a - ;  iio t a - a - : < i c i t y  of I I S - — 2  s e d i t a - a - a - a - a - a - t s  to P .  pug io

OVea-’ a - t i e  a - la -  — t o i c i st r~~’ ± a - C  fa r ’  t h e  5 a--a - e r a - c e n t  se i I a - a - a - e : a -~ t e s t s .
- a - a - g 0~~a - 0 a-a -as a 10 a-a- V a - ” C C i a - i  ta -a - a - a - a - a - p i t ’,> a - a - f a - a - e r v e d  in the  2 0  per  a-a- a - r i , t

a-ie -a-I t a - a - a - a - r a - t  tests.

‘l } ia -a - c h e a - a - a - i a - a - a i  c h a r a cr e r i s ti c s  of t h e  1111—3 b i o a sp a-,a-

t e s t  a - a - a l a - a - is are r e sen t ed  Ia - a -  Ta - - u i,a-le 3 1 3 a -~~ a- i ’he  data p r e s e n t e d

in h a - c  t a b l e  show t hat  the  to ta l  ~= atna - a - a - ca - a - i um n i t r o> -, e t a -  cen t e n t

fa- ,a - a -  h a-a-a- 2 0  la-t a- l a -COSt  s e a - a - i i n a - e i a - t  t e a - a - t s  a- -a -a s a~ p r o x i a - a - a - a - a - t e l y  7 t a -a -~ t a - a - a - / i,

w i t h  0 .  08 to 0.  113 m g /l  a- r e s e n t  as u n i o n i n a - a - d  a l a - a - t a - a - a - a - i a - i a .  In a d di  —

h a-a- n , t h e r e  a - - e r a --a- in i t i a l  dec reases  in the  P . O .  c o n e e i a - t r i t i o n s
a - a - a - a - C  ia - a - ’a - p a - -a - :a s e a- i  I e v a -a - l s  of  t u r b i d i t y .  Aga in , the  i n i t ia l  de-

creases  in 0 . 0 .  concen t r a t i on  in both of the  20 p e r c e n t  t e s t s
‘a - CC !  C a-ev e re  e n o ugh  to w a - a - i - i a - a n t ’  a t e n — m i n u t e  a e ra t ion  of t h e

ei - a-a- ’a - a - - i a t e  w a t e r .  l i a - I s  a a - I d i t i o ; a - a - a -~ a e r a t i o n  ia-e r i c - i  a f t e r  s e t —

t h u g  C i a - I  a -a -c t  s i g n i f i c a n t l y  change the level of ata-a-rnca-niwn

present in a-ha -c 20  p e rcen t  e i a - a - a - t r i a t e  waters .

Table 3137 presents the 9 13- -hour  c o n c e n t r a t i o n s  of

0 .0 .  ira- the  H S C - 3  b i a - a - a s s a y  elu t r i a t e s .  The da ta  i n d i cat e  t h e

ta -a - in ima l  a e r a t i o n  period assured an adequate  c o n a - e i a - t r a t i a - ” : i  of

D O .  even a f t e r  an i ra -i t i a l  decrease be low 2 . 0  t r i g / ]~ .

The r e s u l t s  of the heavy meta l  a n a l y s i s  fa r -  a- l a -a a - -a

bioassay eiutriate waters are presented in Tabie 3 1 3 a -a-~ a- :Ia-a--

a-lata shoW large releases of both Ii”cn and manganese. C c i a - a -- t a- -

trations of the latter ranged fr’ a- a -ra - a- 9 . 6  m g /i  in t h e  ‘3  p .  a--

tests to over 11 mg/i in the  5 p er c e n t  tests. Coppa -- a - ’  IC- I

removed from so lu t i on  in both) the 5 and 20 p a - - ”- ca-a-t -
‘ - -

t e s t s  as wa - a - a - a -  n i c k e l .  No si g n i f i c a n t  c h a ng es f i ’ a- a - ’ a-

wa t e r  concent ra t ions  were observed far  cadmi ’a - ’a - a -, h a - ’

80 1
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Table 365

Response of P. pugio to Varyin~g Sediment Percent of Total

Elu t r i a t e  Volume as a Function of Time: Houston
Ship Channel Site 2 Bioassay Elutr iates

Time Number of P. pugio Living at Varying Sediment
(hrs) P~ercentages

Controlu 5% 20%
A B A B A B

0 10 10 10 10 10 10

2 10 10 10 10 9 9

12 10 10 10 10 9 9

24 10 10 10 10 9 9

36 10 10 10 10 9 9

48 10 10 10 10 9 9

60 10 10 10 10 9 9 
I
’

72 10 10 10 10 9 9

84 10 10 10 10 9 9

96 10 10 10 10 9 9

A and B are replicates.

:inc, or mercury . In addition , the data indicate that the

10-minute aeration period caused no significant differences

in heavy metal concen t rat ions .
Table 36q presen t s  the results of the bioassays

using P. pugio and ~1~~Y Si te  3 sediments. Lxaminat i~ n of the

table shows no toxicity of JISC— 3 se~Iirnents to P. pug io over

the 96—hour test period.

Houston Ship Channel-Morgan’ s Point

Water and sediment samples for elutriate tests were

collected at Norgan~ s Point in the USC. Figure 114 shows the

sampling site as well is the locations of other  U SC sampling
si tes.  A water samp le was collected t rom the  surt ~ice wi th  a

80~ 
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U f 1’. t U \ 1 t i y i i t~~ Sed ij i t eri  t Percei t  t u t

T - ’  t 1d I .: Lut p Id t ie V~
-’ lumc as a l’un ct  ion of Time

lou s tUn Sli 
~11 C 1 I d I I I I C ’  1 5 ~ L I ’  3 L~’ioas say Li ut n a t  c

r i ~~~~ Numbe r  ~ t P. pUg lo L i v i ng  at V ..ii’v ing  Sed imen t
~~~~~~~~~ ) 

___________ 
rei’ceiit1i~,es 

—~~~

Controls 
_________

A

0 10 10 10 10 10 10

10 10 10 11) ii.) 10

2 10 10 10 ii) 11) 10
10 10 lii 11) 10 1).)

10 IL1 10 10 10 10

10 11) 10 10 10 10
14~~ 11) 10 10 111 10 10

10 11) lii 10 10 it..)

10 10 ILl 10 10 10

10 10 10 it) 10 11)

10 L U 10 10 10 10

10 10 10 10 10 10

th 10 1,1 10 10 10 10

A .u~~i B are rep ii cat  es -

t ’ Uj ) t’ and p las  I IC bucket 01) Apr i l  11, ~~ i S .  Un fa vo r ab l e

Wt~a t h e n  C C ’I i I t  i t tolls de layed sedime j i t  sampling wit ii April 18

1~ / b • :\ PoIhLr gx’~t b  sampl er ’  was used • ‘l’he Sanip 1 es were cooled

U) iCC’ 11) ~ ll5 U 1dtC ’d  bo X es and t z’~u i i sport e d  U it ’ e ct i v  t o  the LJ T1)

. t b o r a t o t’y  where  t h ey  wer e  stor ed  in the ~lark at ~4 ° C -

t~1uti’iate ‘lest de r ie ra l  l’a r a m e t e r ’ s

S ingle 5 peI’~-eIl t and 211 pe i ’ c~~ii t  ox i c  t e s t  S Were
nun the  total test volume was 3 1 i teVs . The .‘0 percent  oxic

lu t  t ’iate was ce ntn i  fiiged prior to I n e a sur l n g  genera l parameters

.tiid analyse s of the Ut ) f i i t t ’ red w a t e t ’  . ‘l’he ClUant it v of Morgan ’ s

8116
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Point sediment available was insufficient for determination

of general  sediment characteristics or sediment oxygen demd n d .

Table 370 shows that the D.O. decreased during Set-
tling to a lesser extent in the 5 percent than in the 20 per-

cent elutrjate. The final D O .  values were within the range

t o u i t d  for  the ‘l’Ct.’ elutriates . The site water had a s l i ght ly

lower  ph than  did the  ‘1CC s i t e  waters ; p11 increased to 8 . 0

upon b oth  S and 20 p e r c ent  e lu t r iat  ion . The Morgan ’ s P o i n t
s i t e  water had a fairly h i gh t u r b i d i t y  ( 2 8  NT U ) whi ch i i i—
cr eased to 1’ l) NT IJ in the  5 pe rcen t  O X I C  elutriate - ‘l’he 7
NT)) turbidi ty value for tile 20 percent elu tria te does not

a c c u r a t e l y  r e pr e s e n t  the  a c t u a l  e lu t ri a te  t u r b i d i t y  b ecause

the  e lut  n at e  was c e n t r i f u g e d  p r io r  to an a lv s  is - Spec IN ‘

col iduc t a r i c e  in t i l e  ‘U p e r c e n t  e l u tn i a t  e was g rea t  er t han  i ll  V

the  5 p e r c e n t  - ‘i’iie si t t ’ wa tel ’ ( 7  , 12 7 ~i rithos / cm @ ~‘ L ’)  had a
much lower S~~ ( ’ c if ic c o n d u c t a n c e  t h a n  did the  ‘I’CC si t e wa t er’s -

heavy M e t a l s

‘l’ab l e ,i , ’i con t a i ns  the  r e s u l ts  oX a i ia lv ses  o t  s i t e

W a t e r ’  and e lu t r ia  t c~ t o t ’  s o lub le  heavy  m e t  a i s .  ‘l’ht’i’e was no

S i g m i i  t i can t  11i t~ I er ’erice in  t he  co nc e n tr a t  ions of ‘. .~ I I I ’ c a dm i Um
I I’~~~~’C ’P ,  or ’  n i ck e l  i ll  t h e  s i t e  w a t e r  ari d t i l e  e lu t ri at e s  - The

CC’ 11CC’!) t r’ .t t i or ; o I i r ’oti i t t  t he Morgan ’ s Pou t t  s i t  e Wa t t’ r wa Ci

l l t  ~;g/ 1 .  ‘l i i i s  dr opped  to 3~~t ar id 1.5 ~ig / l  ir on  in t h e
S a mi d  2 1)  ;‘ e ’l’ I ’e I t t  e l u t  r ’ .ia t  es , t ’espec t ive 1 v - ‘I ’here was r ’e l ea st ’

Cdt~~ ’, . t U ~ ’ C’~~’ • c t t romi urn , and lead f rom t hese’ seCtimt? I) t • ‘l’hc

co mi1 ’e l i t  r at  i c m t  ot  man gan ese in the  test water’ was 14 ~ ~ig /  I •

S ‘e t ‘Cl ’ i t  ‘x i c t e ’ a t sh owed g r e a t  e r ’ ma r l ~’, a r i e ’s~ ’ re l e a s t’ t ha r t  was
S e e -; ;  i l l  t h e ’ I i)  pe ’r ’ 1’ e m I t  CX ~C t e s t s ;  the (‘I ’ n l L ’ t’t i t r a t  10115 W C ’I ’ e

I’.) 20 - 0 / ~; g/ I • I t ’;; pe c t i ye lv - Rel e ~n se  5 ot  l e,td ar id  I’hr om—
i urn were  ; I i  ~

‘, l i t  • l i i  t lie I ’ ,i C’ C’ t me rcu ‘V • 51 i ghi  t u p t a k e ’ was
St ’e ’ I I  il l  t h e ’ S ~‘t ’ i ’c t ’ i i t  t e ’ :;t and s l i g h t  I ’ e’ l e ase  Wa ; ;  s een  ii i  t i i t ’
2 0 p e ’ i 1 ~~ ’ I t t  t e s t

80 7

-~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ - - - 

‘ 

-~~~~~~~



I 

4

‘

~~ ~~

808

- - - --- - , -~~~-



-_ --

~~~~~~~~~~~~~~~~~~

- - -

~~~~~~~~~~~~~~~~

-

~~~~~~~~~

g~~~1~~~ H1’
~ CII ‘~ -,

— ‘I Ilk r,(
~. ~~L_. -‘ - — -‘ ‘VN ‘I’ CI

“ c~~~~ [~~
~ ~~~~~ ‘— ~

~~~~~~~~~~~~~~~~ 
~C ) f  ‘ r’

4 - o ~~~~ -~ .~~~~~ ~
—, ‘-‘ 

. CI’ ,—‘ ‘V I

— —
I 

I’~~~~~ cI~ 

~~~~~~~~~~~~-~~~~~ ~~~~~r.

I 
‘V ‘V

a _,
~~~ I ~‘I CI
H “ ~

- -
~~ ‘V

‘V ~ - ‘VI-, --, I.
‘~‘ “ ‘~‘ + ~ ‘V

I>’:

S S ‘V

‘N

—

809

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - . - —~~~~~
-

~~~~~~~~~~~~~~~~~ - ~~~~
—- 

~~~~~~~~~~~~~~~~~~~ ~~ ~~~~~~~~~~~~~~~ 

. 

-
~~~~~~~~~~~



U-.. - - - + -——--- --  - - . .—+- - -—~~~-- - -- - +

Ni t z’cL~ n; Compounds

s Point sedin.ent had a otal ~-.je 1dahi  n i tro-

gen concent rat  ian ot  1500 mg N / k g .  The  el utniate t es t  results
in i’ab1~ 3 72  ~‘now t :;at  n it: ate co nc e n t r a t io ns  dec reased
sI i~’,h t 1’,’ :. Sot N e I at :iat es . Ai:u;;on in;;; re Ic ,ise was again faund

to be a unc ian of t-nc pe  i - o e m ;  t seC i n e nt  I;; t n c  tot al -: l ut r i a t e

vo lu~+e - ~uc to t :;c cc;; t ;‘~~ I ufa t ion step, the oi’1’+ anic N data

do not  x’epies ~’;it t he t o t a l  c o nc en t r a t i o n s

Pho~..~~
aaia;a L onponn~N;

so 1 uS 1 e o;’ ho; ‘bias ph+;t e and ii at  al phosphorus
concen :a I ions : a;u;d I;; t h e  ~‘horgan ‘ s Point e lut n at e  s are pre —

sc; ;t ed  in ‘i’ab +i e 3” )  • ihe  se dim e n t  t o t a l  P c o n c e n t r a t i o n  was

73t ’ ;;; / k ,~ C i v  W r  1,- l it  - The s i t e  wale : ’  c o n ta i n e d  the  hi ghes t
concC ’n t r a t  ions  o t so ub le  ox’t i io ~ nasphiate and t o t a l  phosphorus
o r  a l l  ~ a l v e s  t on  bay a;’ea sa;;;pl t r i g  l o c a t i o n s .  E lu tr i a t e  t e s t s

showed decreases in so lub Ic orthophosphate concen t  rat  ions in

b o t h  the 5 and 23 p e r c e n t e lu tr i at e s .  Total  phosphorus  con-
c e n t r a t ion s  in bo th e lu tn i a t e s  were  also lower t h a n  tha t  in
the  s it e  water.

b i oa s s av s

Table  3’+ ’ .~ p r e s e n t s  the  hy s ical  and chemica l  c h a r —

act e r i s t i c s  of the  ~urgaI;’s Point bioassay elutniates following

the  one—hour s e t t l i ng  pe r iod .  E x a m i n a t i o n  of the table  reveals

t h a t  the D. 0. c o n c e n t r a t ion s  decreased  and t o t a l  ammonium and

t u r b i d i ty  l evel s  in c r eas e d .  To ta l  amxnonium increased  w i t h

inc reas ing  sed imen t  p e r cen t a g e s  ( i n c r e a s e s  of 1.3 2 .  ;l , and

3.6 rag N/i in t he  5 , 11) , and 20 percent sediment tests ,

respectively). Increases in turbidity ranged f rom I~0 to 70

N T Y  with the highest turbidities observed in the 5 percent

sediment tests. Dissolved oxygen decreases corresponded to

increased sediment percentages with a decrease of over 5 mg/i +

in the 2 3  percent sediment tests. Table 3714 also presents

release data fox’ manganese. The results show release of man-

ganese (the only heavy metal lion which release was monitored)

to each bioassay elutriate with over 1 rng /l of manganese
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N i t roger; L amloumld Corn’t’n t i’a t i ot i s  : Morgan’ s Po ii; t

Elut r’ iu t e ‘l’es t ’~ with Cii t ’ — h l o u r ’  Se t  t 11mg
(n;~’, N ~1)

t~ C_r ’ ~~~ ii; i c N :‘e:u:;~ a; ; ;;;;; N i t i ’ ,; t e
be i gnu I ion 

5 5C ’~ C~

~~~~~ ~a t e ; ’  0 . 3 - ’  0 . 3 1 l..~ 0 . 0 1 0 . 3 3  0 . 0 1
S — 3 3 — 3 1 — 3 ~ 0 — U 3 0 • 2 +

‘ 0 — 0 1

‘- 0 . 0 3  3 _ ~~i ‘ _ , ‘3  0 .11 0 .2 ; ’ 0 .0 1

*51 :;; , Ic;; c e l i l  C ’  ; ; ‘+ t ’S !  ~‘ ; ‘ io;’  a ,in,i I v ~~j s .  ; ; ‘ni ;t ’l~u en1t 1v , va lues
do n-I lt ’ r r ’ t ’ ; t - ; ;t  t , ’ I , t 1s.

‘~ ‘h t ai;oa:’n dcv ia am; cu I cula tad ;‘a ,iu’1 I ; ~-u t e ’ an a I V S t ’ ;C

-0 Cc ’ V - jo; ca Ic a ,~ ted ran; r i p11 cu t e  anal vs c C ;

S’~~
- ,.~- I ’ -~~ + x’Itn j n~- .’ l ;~1 :~ oni at _ il  i’NH i n - ; ’ ; ; ;  C o in - en  t m’u t ioni~

a i :; t a t  l o t  a ~ c ’5 t S

F / I  ~

i ; : , , ’ I ~ - So I ;; S I ‘ C ; ‘t  ha 1’ Iota 1 Pha ;a m ’ ; n ;
1 i t t  is ’ ;; 

Sb

:‘ ‘, t c ’ ‘. , L ’, a C ’  J .~~~+ ’ 3 . 0 1 ’  3.0 1
C \ C 3 . I _; 0 . 3 1 U . -‘ 0 3 . 3 ’ )  1’

-
‘ 1 ‘~,, ~- “ — ;~~ 1’ 3 — 30  1 3 . ‘ 3 . 01

3- c; ; :- ,, :; ti t : ;  + 5; ‘C c, v Lu t ion cu I c i ;  1 . 1 1  cc I ,‘n; C;; p i a at t’
r I a 1 cat c c;a IV n’; o t L ’ : ; e ’ - on ; ’  I.e -
LI a t  ; ‘ ; a I ~ ‘ ; ,  were ’ cc ’;; t ; ;  ;:~‘ t ’d P 5033 r~’n; a;’  S n; : 1 1 ; ;  1 C ’S  ~‘r’ i a;’ t o

a: a 1 vs  i
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j e i  a c i l t  ;, e - I i ; : + c ; t c ’ at I ’ i d t u S .

—‘ _ l  ~. - ~
- ;-~ I I ‘,‘ O ; ’ — ; i  n; I t om - gar ;  ‘ s

~~O . , ’, e ’~~ , t . .  ; ‘_ c ’  i~ ,;ss~~’,’ ; - as in ’  F .  ~~- ‘ ; - c ’ ’  ~n’ a + t  ;; ‘ ed 1;;

I I , -~~~7S. I : c  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
c , ; - ’ ’, ~~~s,ixn~ ~-~~‘ . l : :+c ;~~~ I c ; C u ; , t O ’, e - S  I S a  ~~ ‘_ — ; ; u ;  t e s t

e ’;’~~ d . I; ,~’ I - c ; ’ c c ’ ’ ; ; ;~’~~’5 of ‘) ;‘ ,~~; ; ;  sh ; ’c : : , :  +5 id it t e l  3b  hours

:5,,- 5 , ~J . inc 20 e; -.:c;,t sedi:.+ei;: - I c ;  colas were 10 , _ 0 ,

m c . . : , cc: i’: c lv. :s~ ox c : ‘, assccia ted w i t h

I:’ :;; t-5-; a:,’s L a i n;  ; c ; c  s u e  of t i c  u i :, hes t  OS—

:5; s~ + , I:+ ,~- ;, ts s~c:. ; 1 + :  n i  :: , ln t u e  uSC.

a - c  o: F. ; ;Ho :- - t’ax’~’i :; ’. 5’ - 5 . ’ Peycent of ‘i’otal

i I ’ u t C ’ i , I : e  \‘ olnn+a us C ;:, t l o n  O ‘ L ime :

s L a  I:. : ; ‘doass,iv  Ll,;t;’iutes 3

t anl e x’ of I’ . a’a’,io 5ii’in~ at  fa r y ing Sediment
Lu ;’) 

________________

_________ 

Si + 2 2 0 %
A II A P A B A B

0 10 10 10 1-2 10 10 10 10

10 10 10 ~0 9 9 8 8

1-3 9 9 8 9 8 8

3; 10 10 9 9 8 8 7 8

13 10 :3 9 5 0 7 8

+ cO 10 10 ;i 9 0 0 7 8

7 2  10 10 9 9 8 5 7 8
0 4  10 10 9 9 0 8 7 7

96 13 10 9 9 8 8 7 6

:\ and B are replica tes.
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Port Ldvaca

A sediment sample col lec ted  in Cox Bay near Port

Lavaca wan taken icr elutriate test studies. The primary pur-
pose for  sam pling sediments in this area was a reported high

concentration of mercury in this region. The water and sedi—

m : ; e nt  samp les were collected in Cox Bay , Texas. The sampling

si te , illus trated in Figure 1114, was near the junction of two

ship channels  and approxima tely 50 yards from an island

rained by disposal of dredged m a t e r i a l .  Sed iment  samp les

col l e c t e d  w i t h  an Ekman dred ge were p laced am -id sealed in poly—

etSl ,’lei;e c o n t a in e r ’ s.  A 13—gal lon  sample of s u r f a c e  wa te r  was

o b t a in e d  at the  s ine si te u s i n g  a p l a s t i c  b u c ke t .  A sarnp~~e

of wOte; ’ was ob t a i n e d  s ix  inches  o f f  the  bo t tom ( 1 . 5  rn d e p t h)

a ci n g  a h o r i z o n t a l, m e ta l - f r e e  Van Dorn s a m p ler .  All  samples

were kep t  on ice , t i - ar ; : ; i o rt ed  to the  UTD l a b or a t o r y , and s to red  3
a t 14 ’

~~~. Th ey  wer e  s u bj e c t e d  to elu ~~n i at e  t e s t s .

Ie;;er ’ai Iledime n t C h a r a c t e r i s t i cs  and Oxy gen  Demand

‘I’he se lilnent  f rom Port  Lavaca was found to be 3 f — - 6

pe rcen t  c lay ,  2 3 .  9 pe rcen t  s i l t , ari d ~ 9 .  5 pe r cen t  sa nd .  I t

W a : ;  an alyzed ii; tn i p l i c a t c  fox ’  s u l f i d e  co i iceat r a t ion  arid per’—

c e r t  dr y wei11Nt. I ’i ,e ox i d a t ia; r e d u c t i o n  p o t e n t i a l  ( E h )  was

f o u n d  to  be —~~0 m y .  ‘the mean s u l f i d e  con ten t  was f o u n d  to be

l lb  m g / P ~’, ,  w i t h  a s t andard  d e v iat i o n  of 7 .  The me an  pe rcen t  - -

‘fry wci , ’, l it  was f o u n d  to be 1 4 1 4 . 3  percent  w i t h  a s tandard  devia-

t i o n  of 1 .3 .  ‘

The oxy; ’e ; ;  demand  of a 5 cc samp le of Port Lavaca  -

sed in ’ : r i t  was d e te r mi n e d .  Table A 3 3  , A p p e n d i x  A , s l o w ; ;  t h a t

lI’a  s ta r  l i ; -  I d ev i a t i o n s  be twe e ;  ru ; ; ; ;  i n d i c a t e d  Cood repr o—

d ;c ib i l it y .  ‘l’i c uptake du r in ~’, t h e  f i r s t  hour la;’ a cub ic  me te r

of sedi;; r i t  u-a s ca lc u l a t e d  to be 2 . 3  x 10 2 , 3 )  wh i l e 110 ’

u p t a k e  pc i’  :~ ‘ “ ; ~ 
N y  wa i 3 ’, ht  W I : ;  0 . 112 m g  ~~ I a;’ t h ; c  sane t L l : k ’

~e n c ’ 1 .  The l nl,s t . of t h e  log of  t h e  ‘ . 0 .  v’ar’su:; t i m e  it ; : : c , ,’ t l

j r  F L a r e  11 S.  T h e  s lope of t h e  l i s t  c o m p o nen t  w i ; ;  c a l c u la t e d

to 1’  — 0 . 0 2 7 ‘i / I mimi 1
; I he - slaw (‘0n9 or i e n t  sla 1e W a; ;  — 0 . 0 0 1 4

— l
f l l ’) / l  m i l l  -

S I ’ ;

-‘ 
___-~~i__ iii~~_~~ _ ,~~~ ______
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I

Salinity, being derived from the specific conductance value s ,

followed the same pattern .

A lter the 54-day storage period , the site water

showed a sligh tly lower pH and turbidity but a higher specific

conduc tam ice value. The difference in site water specific

conduc t am ;ce values before and after storage may have been

rela ted to the different temperatures at which the sample had

been measured. Although bo th values were corrected to 25°C ,

the error  involved in such a correction was probably greater

in the  pz’e—storage site water samripl es (measured at 6°C)  t han
in the water measured (at 2 0 ’5 C )  after ;;tsan’age . In the 20

percent ax ic elut ;’iate test run after storage , the P.O . after

set tl imig was a beu t  2 mm ’tg/  1 less tham i in the correspon d i n g  pre —
storage tes ts. In gen eral , I o n ’ t lie othe r’ paramete rs , va lue s
I o u m i d  I~ ’r’ t he  later tests were camnpan’ab le t o  tltswe found for

t h e  e ar l i e r  tests.

heavy tfet a l s

‘ k ’ a b le  3 7 ”  con ta ins  the r e s u l t s  a t trace heavy m e t a l

analysi;; ut tin- Port Lavacd sediment and water samup les . The

OC ’ St i mc ’ m t S  at  t h i s  area had been I ’ C j s 5,i t ’ted  to c o n t a i n  r e l a t i v e l y

hi gh m e r c u r y  l e v e l s , po ;;sibly  st e m m i n g  from;; leakage from

‘hlat’oalkali c e l l s  in a nearby a luminum p l a n t .  The mercury

c o r ; c em i t  rat ian tound in t h i s  sed imen t  wa s 11 . 0 7 5  mug / k g , which

was L o we ; ’  tham i  t h e  cami cent r a t  ions found  in Texas C i t y  Channel

( 0 .  5 ni ’, / k g  1i 5, ) amid much lower than those seen in t h e  San

Franc ~~ 5 , ’ s, ’ s e d i mn e n t s  an a l y z e d  in th i s  s tudy (~‘s l . 4  m n g / k g )  - ‘I ’he

z inc  car ;  tot; t at  t h e  l’ oi ’t Lavaca sedimn e;;t  ( 7 5  m g / k g)  was equiv-

a l en t  to  t h e ’ p r oposed c r i t e r ion  for d et e r nt i r ; in g  a c c e p t a b i l i t y

a t  dred ged sedimen ts , hut concentrations a t all o ther  m e t a l s

were below t h e  c m ’i te r i a .~
’0

D i s s o l v e d  and total  avai lable  trace heavy meta l

c o m i c e m i t r a t i o m i s  W t ’ I ’ e ’ de termined tar the Port Lavaca Bay w a t e ’i ’
samp le tak en ;  immediatel y ~a v e r - ly in g  the sed i n t em i t  . ‘1’hie ;~e leve ’ I s
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Oi- t’ c o; ;ip a r ’ c ; s _ t  to  co r r e spond ing  d is so lved  m e t a l  c o n c e n t r a t i o n s
iii surtace watet - in ‘i’able 377. ilissolved dvailable metals

o c c ; l r t ’ e s _ i  in ‘, i ’eu ter ’  con c e n t r a t i o n  near the  bot tom than  near

the su x ’ l a c e .  N o t 5 t b l y ,  n i cke l , zinc , and mercury concentra—
tioni: ; were seve ra l  t i m e s  hi gher ’ near  t h e  bot tom t h a n  iii the
sur”5.a’a’e w a t e r ’ . The inci ’ t- 5 i sed  concentrations at the sediment—

water im;t€-x ’face could be t h e  r e s u l t  of m o b i l i t y  of m e t a l  corn—
patients Lt- tweeri these two areas.

R e l a t i v e l y  hi gh mercury  concentrations were f o u n d

in t h e  b o t t o m  w a t e r .  Total  mercury  was 0 . 09 1  p g / l  and dis-
solved mercury  0 . 0 6 2  p g / l .  I t  has been established that

m e r c u r y  c or i c e n tr a t  ions equal to or exceed ing  0 .10  14g/ l  con-

s t i t u t e  a haza rd  in t h e  mar ine  env i ronment . Total  ava i l ab l e

manganese  amid iron in the bot tom wa te r  a lso exceeded estab-

li sh e d  p o t e n t i a l l y  h a r m f u l  l e v e l s .  l I m e concen t r a t i ons  were

below the hazardous level (100 pg/l) but substantially higher

than the level presenting ntinirnal deleterious effects (20 pg/l)

according to N AS -NAE . 33

Trace heavy metal concentrations for Port Lavaca

elutriate tests are presented in Table 378 . Significant

increases in ; manganese concentrations were observed in all

elutriates. Manganese release was greater , on the average ,

in tests w i t h  20 percent sediment content than in those with;

five percent sediment content . In addition , the average re-

lease of manganese was greater in the systems partially

treated with nitrogen gas than in those that were aerated

only . The highest manganese concentration occurred in 20

percent anoxic/oxic replicate B , coinciding with the lowest

D O .  concentration found during these elutriate tests.

Very small , statistically significant increases in

L 

lead and nickel appear to have occurred. Iron concentrations

in the elutriates showed considerable scatter around the

site water value (25 pg/i). Iron release (159 pg/i ) was

821
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s l i i i :  i s _ a n t  o n l y  in t’ p e r c en t  a r l o x i c /ox i c  r ep l i —
5’a t ~,- A .  ~~o s t a t i s t i c a l l y  si g n i f i c a n t  s i i h t e r e n c e s  occurred

~‘ s’t w ec ’:,  thL couceutratior;s a t  m e r c u r y , zinc , ch romium , and
:;~‘ v ar i o u s  e l u t  ;‘ia t es ar i s_ i c o r r e s p o n d i ng  c o r i c e n t r a—

ths ’ S i t t’ w a t e r ’ .

N I t  ~~~~~~~~~~~~~~ s_
’
~ ‘;;a’ ounds

P o r t  ~,tvaca san ;i 1’les and e l u tr i a t e s  were  anal y z e d  to
c~~’~; i m ; e  t i e  r e l a t  ive r e lease  a t  n i t r og e n  compounds  u n d e r

ax i e  and  a : ;ax  i c /ax i c  condi  t ions. The ammoniurni and organic  N

canoe : :  ra t i ons  fo r ’  t h i s  s ed imen t  were  10 and 2 4 3  mg N / k g ,
r e sp e c t  iv t ’l y .  l’hi: ; Port Lavaca sed imen t  n i t r o g e n  con ten t  was

law ‘cm.;~’ar’es _ 1 to that a t o ther ’  s e d i m e n t s  s t u d i e d .
i’aI~1e ~ ‘,‘g p r e s e n t s  the r e s u l t s  of n i t r o g e n  ana ly se s

o P o r’ t a v a s _ ’a ciutriate tests. Duplicate analyses showed a

ten~~em:c v :oi~ hi gher ’  r e l e a s e  of ammonium and organic  N in h i g h —

e:’ s e d i m e n t  volume tests , a l t h o u gh r e p r o d u c i b i l i t y  was not

~‘,ood. N it r ’at e  was r e leased  in the 5 pe rcen t  e l u t r i a t e s  w i t h

hL’u5’r - i’ t ’ l c , t ’ a ,,’ u n d e r  oxic conditions . However , no clear

a :  r e lea s e  cou ld  be ascribed to these variations in

th e aeru t j a m :  p r o c e d u r e .

‘rhe n i t r o g e n  data  fo r  the la ter  t e s t s  (also pre-

s e m i t e d  in 15i i ~le 379  ) show tha t  ammonium and organic N

concentrations increased from s i te  water  levels , though

nitrate did not show any change . Ammon ium release was com-

parable to that observe d in thie earlier test , but nitrate re-

lease was much higher in the later test. Organic N concentra-

tions , which were highest in the 20 percent oxic elutriate in

the earlier test , showed removal in the later test.

Phosphorus Compounds

Soluble orthophosphate and total phosphorus concen-

trations in Port Lavaca elutriates from tests run both before

and after sample storage are presented in Table 380 - The

Port Lavaca sediment had a total phosphorus concentration

823



-

~~~~~~~~~~~~~~

-

~~~~~~~~~~~~

Table 379
N i t r o g e n  Compound C o n c e n t r a t i o n s :

Port Lavaca E l u t r i a t e  Tes t s

(rrtg f l / i )

Sample
Designation Organic N Ammonium Nitrate
and Date SD~ SD” SD”~Performed

( 1 9 7 5)

Ju ly  2 5 :

Site Water 0.46 0.02 <0 .05 ‘i~0 <0.04 ‘~ 0

5% Oxic 0.23 0.06 0.81 0.02 0.38 0.01

5% Anoxic/Oxic

A 0 . 3 4  0 . 0 9  0.78 0.01 0.28 0.01

B 0 . 6 7  0 .0 7  1 .53  0 . 0 7  0 . 0 7  0 . 0 1

20% Oxic 0 . 9 8  0.13 1.98  0 . 0 5  < 0 . 0 4  0 .01

20% Anoxic /Oxic

A 0 . 6 6  0 1.54 0 0.05 0.01

B 0 . 8 0  0 . 0 3  3 . 2 8  0.0 1 < 0 . 0 4  ~~0

September  8:

Site Water 0.86 0.15 0.10 — < 0 . 0 4  0.01

2 0 %  Oxic 0 . 0 5  ‘~0 1 .95 — 0 . 1 2  0 . 0 1

A and B are replicates .

*Mean and standard deviation calculated from duplicate
analyses.

**Me an and standard deviation calculated from triplicate
analyses.

Dash (-) indicates single analysis with no standard deviation.

8214
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‘, i l ’ l s ’  380

~i l u h i e  C i t  b;ophosp};att’ u r is _ i To~ - i i  i ’ha ’a p h s -’ r - a 5 ’ - i ; s ~’c n t  r a t  ior ~~
Por t  L av a o a  E l u t  r ’ i~ st  e T ’sta

(mc , P / i)

Sample Soluhlc ’ Or tho I’ ‘l’ at ai P
P 0 5  m a t  ion sn s r~

July 2 5 :

S i t e Wat e r ’  0 . 0 2 3  0 . 0 0 1  0 . 0 t ~ 0 . 0 1
i~% C x i , ’ 0 . 0~~2 0 . 0 0 1 0 .  .‘0 0.0L-

2 0 %  C x i c  0 . 0 5 0  0 0 . 3 0  0 . 0 2 0
5% A ns ’x i s _ ’/ Cx ic

A 0 . 2 6  0 . 0 0 5  0 . 2 4  0 . 0 1 ”

8 0 . 1 0  0 . 0 0 2  0.15 0.03

20% Ans~xi c/Cxic

A 0.000 0.003 0.20 0

B 0.12 0 0.2”’ 0.007

September’ 8:

S i t e  W a t e r  0 . 0 0 0  0 0 . 0 9  0 . 0 0 9

2 0 %  C x i s _ ’ 0 . 0 9 5  0 . 0 0 2  — —

A and B s_-ire replicates.

M ean:  and s t a n d a r d  J o y  i 5 i t  ion cal culated from tripi i cu t e  an a l  \‘SeS
o t  one sample .

Dash ( — )  i n s_ I i c a t c s  no ana lvs  is m is _ Ic
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- , : , t L  :t ’ t s _ , : : , , - e  t ,  -s d i s  t O e  H 5 , ’ . s_ ’ a nt , s i n i e s _ l  2 : - A i s ’

s_ - i~ t I : m  S ,t :’,s_ i t r s _ i  s _ I t ’ ’ 5 ’ i , 5 t  i s _ ’:,  a h no . P / k - , ) -

s ’ 3 0 0  si : ’ -5’ :; - u ’. s a l  st e a: hs d h a s p h _ t  e c o n —

- ‘ ‘ : - - m ’ , ; . i s _ : , - , jI, s _ m c ’ , t c ’~ a ~ , : s ’ S t ,  t ~ I r - 
~1 t ion  :;n 1

s_ o r .  - i 1. is; 105  s ‘ . i n  i c  - CS t S m ’ : : : :  ~~1’ s’ r’ 1 a st s_~ i ’ .i  ‘.~ ‘

: , s _ ’:  e u , ;e s,i:; ‘ m o t t o : ’  1:, m c ’ 1’ c’- : ce : t c than: in l i c ’ .0

• 0 ‘~ ‘ c . ’, O X s _  s _ S t  . 0 1 5  :,:a’s_ ’ ‘ 01 5 , 0  L’ s_ ’ e Z l  m e  l u t e s _ :  t o  t h e  —

c,’ l’ c : - ce ; i x ;  s t  h~ ’, as Sc ’ s _ S  I i ,  t O e  t~~:l ~ 1 ,Ii tV \ ‘atues , t o e  S
s_ ’ :  s_’e:~ t e l , :t  l’Stte : . , ; v a m : e , s_I s ’5- c ’u t e r  : l : i~~: 1: t \ ’  t i : ~ a: S ic ’ 20 ~~s_ ’ i ’~~

o , . : s i t t’ c - S e e  1,t: i s _  o ’:o -

o ,~; t i ;  r u m ’ s_ a , 5 i s ’ 1’ ,C I 1 S ’ x jot5 ’ N IC s_ ’ s_ ’ m c i  i t  I or :: :  O n , ~ s_ i s _ i

a so ‘:s_ ’ s s_ ’.’ u ’ a, ,  : t 5 1 0. 1  to : m ‘ole  .1: : 0 t O .  in  t in ‘se : ‘or :  a: cS ax s_~

c a n s _ i l  1 ,, ‘s:; . Ths_’ s c s l s _ . h l e  s_ ’ :’ 1:io  P c on : c e s m  r u t  1 s _ ’n in  one I’

s _ c i , t  ,i :,, ’x’s _ s _’/s _ x i s _ - s_ ’~~ :1t 1 1, 1 :  e w as  ,i l i:is _ ’ : :t  tz:’ee t ime:; ‘. m e - I t s_ - i -  t h u s

t i l t ’ s_~~t O c , ’ 1 ’ : -  • a S t  rs,S’ ’ s_ ’O z c i hi i i t  v no: : setter in t h e  S

20  , ‘ e m ’ ~ c u t  a::s_ ’.’-,j c /oxi c t s _ ’ S t : -  -

i ; : ’ t i c ’ 1 5 1  — s _ l i \’ : 5 : t - ’ l ’  .I~ ’, t ’ cs ’ ’  1 s _~ s _ i  t h e  s i t 5 ’ w .i

,‘ ,~~~‘ o i ’ t  ;is _ ’1’h,’:- ; ’:i , it C c o i : s_ ’ s_ ’ m : t  :‘ ,~ t , ::s .1i’peal ’ t o  h av e  r i ser :

::- ‘ , i : ’ l \ ’ : a , a ’ — t ’a l s _ i .  ‘- ‘hs _’ c o n s _ ’ s_ ’r : t : ’a t  i on :  I:: t u e  20 j’ers_’ent O X I s _ ’

e l  t r I t o  l’~ s- i t  t o : ’  St  s_~ i ’ , 1 i ’, C w5i nor ‘(-5 t h in: . I imes t m a s_ ’ t

t I n e  s_ ’~’ : ’ m’ c ’:; ;- s_ ’ : : s _ l  1 15 , c ’S t ISiS  e l : ’ 10:- .

t 5 1 1 p i s _ a :  p h o n ’ i m s  0 s_ ’ : i s _ ’e m i t  r ’a t m s _~ n :s i i i  I he Sa m ’ t

0 1 U t  r’ -1  OS  .150 a i sa  p i e : :  e m :  ~ ‘
, I I1 1 ,11’ 1 e 3 00 • Tot -Il P s_’on: —

O s _ l i t  :‘, ;t  i, ’ n i ~~ ‘~m : s _ ’r’ e,I::s_’s_ I t o , i l a ; t  lie s.n:ic ’ leve l c g e n : o i ’a l lv  to

‘ a c~ t w e s _ ’:; 0 .  15 . t i , o  0. ‘i’ ni p ’, P/ i)  ~: 1 s _ ls _’ r I t i c ’ ol at  1’ i  a l t ’ t e s t  c a n : —

s _ I  i t lass  s_’m 1’ lov e s _ I .  The 2 0  p t ’ mo e :: t a x i c  e l u t  r,r.a te h a s_ i  a si  : ~‘, I:t  1 v
:s, ’,us_ ’ : ’  c on c e n t r a t i o n  ( 0 . 3 0  mg 1’ . 1) t h , t n ’ i the rest. ifl 1’,ei:—

er ’ s_ i I ‘. he el:; t i ’ ia  to t o t a l  P concerit  n-a t i on :  d i d  r i ot  . Ip p e I r ’ I a I~o

- a:;e tv  re 1 , it e d  t a t i l t’ tur i ’id i  t V v a l u e  a t~ t he  c I ut:’ i a te::

.n l  t i i s _ ’ : i ’i :  t h e  e lu t  r ’is_ ite tur’bidit ies  i i l  t o i l  w i t h i n  .1 f a i : ’ tv

na:-i’ s_’w too i:s,e . ‘ i ’l ie soluble on’ t lisa p hosp hate t r ~ac t ion : at the t at a 1

l sl i s ,sS p l i O t’us s_ ’ on ice nt r at  ions was n o t  i cans t a n t  facto : ’  in hose

elut rinte s. A:; excected , the stor’.i,5’,e of the site water did

r i o t  ap p e a r  to a l t  o ct  i t s  t o t a l  P c o n t e n t .

~
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B i o a s say s

:‘s _ ) l ’ t  h a v a ca  b ioa s s a y s  w e r e  s t a r t e d  July .~b , 1 9 7 5 .

‘lahle 381 a O o w o t::e c h e mi ca l  c h a r a c t e r i s t i c s  of t o e  Port

bavaca b i o a s s ay  e 1u t r i~~t e s  f o l l o w i n g  t h e  o n e — h o u r  s e t t l i n g

p e r i a o .  E x a m i n a t io n  of the  t u l l e  r evea l s  t h a t  th ~ P . O .  con—

cen t r ’ s_ i t i o n s  dec r e a s e d  and t o t a l  ammoniunm: and t u r b i d i ty  l eve l s

i::crcased . l o t  al  5i:m:mc r : i u: , : in ~ reased  w i t : ;  i n c r ea s  in g  sed ,l ,n ,en L

p er c en t a g e s  ( i n cr ea s es  a m  0 . 7  • 0 .  ‘3 , and 1.5 no N / I  h i  t he  5 ,
13 , and  2 0  ‘so: cc : :  s e J l : : : e i :  I t c st s  , i-c spec t I VO ‘, ) - I n c r e a s es

I5 t s _ a ’ L - L d l t ’, :‘ar : - , ed I ron 2 t o  30 N I L ’  in t O t ’ elut r-i.t tc .

sol ‘5’cs _ :  ox~’ pe:5 - l s _,’ C l ’ s_ s _ t a O S  cs_
~I ’I’ eal ’0I:ded to inc:’caas_’d se d i m en t

p0:  c e o t u s _ ’, es , w i t : :  a de cr e as e  01 over  S m~ / l  t h e  2 3  ; -e : ’ c e n t

se , :_ : , , e m , t  t e s t S .

‘I ,~O le 3 3 3  : 1, 0 -n a  t i l t ’ c5:’ : : c en : t r d t  iar :s  of P . C. is t h e se

e I s _ i t  s la te s  0 , -er  t oe ‘ J o — P s _ s i r ’  I e5t p er io d  - ‘l’ h s_ - d a t a  soon ’ t h a t

L 

t o e  d,i , l v  s_ - I , s _ - — : i s _ i ,~~~:’ ,55s~dt  _ -o :i p o ’ .i s_t s_ i was s’a : I ~.C ~~ s_~nt  t o  rs _ s _’OI ’ P . O .

a m - o v a  -
~ :::g~

’ 1 t m : r ’ o - : , os_,’ , ;t  t :;e 2 - ~— h o o r ’  aer’atio: :  10 ’s_ i s_ s_S -

b e  ~‘e:: . It a  a t  t O t  m e t a l  ,inalyses ci’ t h e  O i s _ 5 5 iS : :JV

c l o t s :  a t  eS s _ I r s ’ l ’O St’S t ed  in ‘ o Ic  333~ ~la n p s_ i : i e  so • j  :‘,~ ::

c as_ 0 , , I  s _ , O , t e a s _ i , a inc , 000 ::.c so ur’v we i-c release5 : to  t u e  clot: —

. - l a n : ’,a: ;eae lev el s  were  13, 2 0 , ans_ : 30 1 Inca s cr eat e :’

too :: t h e  c o s t :, s_ ’ ’ c, ’ m : L e m : t  :‘, i t : s _ - :, s  ix:  th e  5 , 10 , a n d  2 0  I ’e l ’c e : .t

Sc0~ me;,t t e a  I s ,  i ’eS, -cc t i ’,’e i v .  h o:: re lease  was f:’s_ ’:: 2 0  -to m s 0

~m~.’s tha t ot t h e  cs_’: :t ro l s .  Sm al l  , inou : :t s  a t  C s _ , s _ l S 1 O l~1 , b aa ,

a i :,a  , a s s _ I  me : ‘cur” ,’ n’em’ c ’ a l so  r e l eased  to t ha bicas  :i i v  clot rio to

Wa I cr 5  . Pa P ~~OI’ Wa: : :‘em-ave s_ : f r o m  so lu t  io:: , .:nd c m  5 1 5 : 1 5 : ’ .
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Table 3 85

List of the Biological Samples * Collected

from the Galveston Bay Entrance Channel

D i s p o s a l  S i t e  , November, 1975

Range at TotalOr Td n  Cs m ’~ Number L e n g t h  ( s ,’ffl)

A t h t n t i s_’ cro,sk ar ’  (Mic ropogon  u n d u i s _ s t u s )  28 2 . 5 — 1 5
A r ss _’havv (Anclioa m i t c h i ll i )  3 0 0 +  5 — 6

B’~smp er  ( C h  lo rosc o mbr u s  c h ry s uru s)  100+ Is — 
V

I5 ocinps _ sn o (Trs_ichincstus cai’olinus ) 100+ 5 — 6

F r i  I i I ’ s ’ s _ I  t lau n d e r  (Etropus crossotus) Ci 5 —1 0

i~ps_ ’I I -di (I ,t ’ is _ ss; t omus xan thu rus) Es 15  — 1 6

A t L s i i t j~ s S P d d C t  i sh  (C h a e tod i pt er i i s l ah e r )  tI 8 —10

S i  I~~’ t ’r S S s ’5 t !‘CS U t ( çy~ osc ion n Ot hU l 3 ) 1 2 5 — 2 0

Ts_s i H ’ii - c’ I i  ssh ( ~,y,_mJ~ iu ru s  c iv i ta t ut s  ) 12 8 —10

s,’!- s_ i b ( t s s i i s _ i a n t i  I i s _ s _ i )  2 1 2  2 . 5 —  5
Wit i t t ’ shrimp (Le’iostomus__xdflthur5,lts) *5’~ 00 5 —11 5

P i n k  s hr imp ( u n l d & - n t  .i I ied) 2 0  2 . 5 —  5

~
s_ j s~1d ( sinidt ’trt i fiod) 100 5 —1 0

A n n , ’ 1 i s _ i s ;  ( p s _ s  1 ys _ ’ h s s ’ I es ) 1 0 5 —10

N l i x ’ i  I i  s ;h  ( p t ’ s’s_ Isstors ) 10 0 -
‘ 

•
— 7

sI~1d en tit it ’d by 1)r . ‘1’. Waller’ and A. Juis~ , .

‘ ‘I’ a l l  ta tive id€’rit i, I ica t  l O l l .
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I - J e l ’e  e x t  r act ~ ’ s _ I l o t -  I s _ - s t ’. h o u t ’ s :  W i t ! . - t 50 ~~ ‘ ‘ s ’ ’ s ’  s i t  ~- t I s y l  s’t  bat —

h e xan e  Inixt  ui~e 15 5 f o x i t  l s ’ t ~ x t i ’ , o ’ tor ’ . T h s -  ch lor ’ i no t s~~ I

! i-yd r ’ ocs t ’ l ’ s _ - t :  pesticides 5 liis ~: [‘CB s w ’ r ~’ s 5 s i a nt  i t  ~ ( ‘ ( i  s < - c s : s ’~ ! ing

to  
~~~~~~~~~~~~~~ i ’ s - s -v  i ossslv - i s ’ : : s - t i i ’e s I  in t h i s ;  report.

b ! s c t  s ’  - s ,  a .  (
~ ‘t ur’a ~‘ ,i S ( ‘H roma t a~~’, s s m i s  of t he S s S I S l f I  i s ’

s ’ x t m ’ s s _ ’ S s  i l i - . I i - , s t e ( !  t h e  p x ’ s ’ S s _ ’nL ’ S--s ci 2 ?  t o  2 6 char  , s c t s _ - s ’ i S t i c

S s O t  l o i s _ i t  iS-” I ’ S ’ t c ’ r st  i s  55 1 i i i i s  s :  ( R )  r d  Sf ( i f  1 t ‘ a t ti  0 - 3 to

- 9 . 5 .  ‘ S S I ’ t ~ ‘~~
-‘ S at  l : s ’Se I~~- is 5s _ S i - ’ s S I l i t ’ s~ iiI te 61 v i ]  U s ’S , s s ;

t he s e  s _ i ’ ’! s~(-i ,~i 155 as - s_ I i l s s ’ I i t  , ssssl s a l t s ’ s ’  t r a m  the 5 1’ s_ i - .  G e n e r a l —

I V  t h e  sns f. I : 1  t U 5 , - s :  a t  t h (~ 1 ’ s s S k ~ ’ \sI t s O ’ c ’ hi ii i e r ’  i n  t h e  s p s _ ’ t f i : s i :

e x t t - - i - c t  than i n  t h e  s ma l l  i i : ; ! s  e x t  i - st  - l ’ eai i’ a of
t h e  ST . i : 1 i m l ’  e x t  r oot  w,o ’e t is’ I ass I in  m a gn i t u d e  s l f l s _ !  n u m b e r .

a n  t w o  s_ ’hrema t s _ - f  r sph i  c cal u m n o  detecf ion , u ndone
s_ i i dr in ,  s_ I i e l d r i n , DDT - l i i i i t s  s n s lo g s , 2 ,’i—D esters and

ml rex wer e  t~sa i - n i s _ !  in  , t  i I t h e  e x t  ‘S N ’  1 s. T o ta l  PCIhs dete rmined
by chomi  s_ ’a 1 dan  vs I 1 soil L O T )  s i :  t !ec ,scls i  c~r olsi 111le i t v l  were  dot  ec ted V

in s_ I l l  t h s ’ samp It ’s. T 5 s 1 — l e  3 6 0  t ’ O 0 s _ i I 5~~S L l s e  q u a n t i t a t i v e
3Cir esu l t s  is w el l  i s s  t he  I owe s ’  s _ ls _’tes_ - t ion ‘1 m i - its - m d  the  US FDA

~;u i s _ t e l i n c s  lot’ ed i b l e  j - s_ ’ i’t  Is _ ’isa of f i sh  and  s h e l l f i s h .  The

tsble s how s ;  t h a t  t h e  spot  s_ ’s_ ’ S n t s _  i t i e d  a i d r in , pp ‘ DDD , pp ‘ DDE and

t o t a l  PCBs at c ’an cen -t r U s t  ion  i s ~v e 1a of 1.3 , 2 . 7  • 1 . 9  and 9 5 . 1
pph , r e s p e c t  lye  l y .  T lts _ ’ same c o m p o u n d s  were  p r e s e n t  in the

small  t i sh  at a u n ’e nt r a t L’n  l e v e ls  ot ~ 1 . 1 , 1. 9 , 3 . 0 , and 35 .3

ppb , r e s p e c t i v e l y .  In addition, 0.4 ppb l in d a n e  was  p r e s e n t

i n  the  smal l  f i s h .  The sum of the  o o n c s - n t i ’ .at ions of pp ’ DDD
dnd pp ’ DDE in the  sp o t t  i s s h  was 4 . 6  pp t- c whi ch was comparable
to the 4 . 9  pph i ou n d  in the  small  f i s h .  It sass  no ted  tha t

the concentration of the parent pp ’D D T  compound was be low

the  lower d e t e c t i o n  l i m it s  i n  bo th f i s h .  The s h rim p  d i J  not

contain measurable concentrations of any of  the c h l o r i n a t e d

hydrocdrbon  pes t b ides.  Total  PCBs Jet  es~ted in t h e  s h r i m p

was 6 .  3 pph , wh ich  was much lower t han  t h e  ‘l i - v e t s  d e t e c t e d

in either at  the fish samp les. Concentrations of the compounds

found in all the samples were well below the US FDA
34 
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should be noted that analyses of the spot and small fish were

performed on the whole organism.

In summary , these preliminary results indicate the

presence of some chlorinated hydrocarbon pesticides and PCBs

in three of the biological samples collected from the disposal

area shortly after major disposal operations from August to

October , 1975. However , the concentrations were below the

levels that are considered adverse to the use of these or-

ganisms as a huma n food . The studies being conducted by A.

Jung on the remaining samples (collected in November , 1975 )

will provide additional data to help determine whether or

not disposal of dredged GBEC sediments at the GBEC Site has

a significant adverse effect on the water quality of this

region. If the results of the subsequent ana lyses  support

those reported here , it can be conc luded  t ha t  there appears
to be ne i the r  s h o r t - t e r m  nor long- te rm s i g n i f i c a n t  adverse

effect on water quality from these dredging and disposal opera-

tions .
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lIe s_ i t t i e

s _ ; i 5 m s ’ a s _-t er i s  t I .’;; of San:i~’Lio .~ S

s ISus _ h - c: t h e  :~,ic t a t ’s  infiuencinf, t h e  results of

t i le  e st r I at e  t e st s i  d r ; i  t he  r e l a t i o n s h i p s  b et w e e n  t he se  t e s t

1 S ~tos t h e  as t ’u5ui  s a l e a s e  d u r i n g  an open w a t e r ’  d i s;i ’ osa i

C;~~~ i-ot t i~,’:i  s’.i; sau d-s ,, t e d  as ; s e d i nc e s t  IS s frcssi the Duwa nit i sh River
wit Is dis 5 s _ , , t .~ S t  I .  _, 1s_o t t  Ba , Y’ us _ ’,~~t So s _ i - i t s _ i . Fi r e  Duwamish
51 s _ \ ’~ - i -  IS a ti~~5 , :s i~~- ,IsJs_ss t i ’j ä lj , ,sed w a t e r ’w s _ m y  wh ich  t j,c ’wc, t h r o ug h

~‘ i :  t~~~’ , ~‘..ish s .rgt5 - :; , s _ n , t s _ - L1i . s_ o t t  Bay ( fu g et  S o s _ i n s _ i ) .  The
Si t , ,~dt  i s_ 0 1 5  p r ’ , s_ ’~,se~s s it  s_~-~ - p a i - t 5 s i - s i t v  to  ex a i s s in i s -’ i i i  s_ i e t a ii  e l u —

t i - I . i t s -~ t C s t  S s_’ s J It S  t o t ’  sed i ;s sesst s  t i ’on:i a h i s ’ Hi v  in d u s t r ia l iz e s_ i

1 5 5  t ’Ss-’ js_ ’j ~~~~ ~icr’thwest . i s s I S ’ t h e r  , s i n c e  m ec h a n i c s_ i l

s.i ’e s _ t ) , ~~: . ) ,  , i s s . I  IS ’a r ’ ’, e dispossi were an siploved , t h er e  was an
c - s_ ’s~~~~ s 5 , 5 I ’ ,’ ’ ~0 exassi jise tsre r e lat  i~’ns sh ip s  be tween  the  c a i r v e n ~
IS ISa:ia~ t_’l sst s’ia te t C St  d f l s_ 5  the p ia;’ test tor - o p e n  water’  s-I iS~

at a:;  t ,.5uLiis , Ses_ s_ is ;;eists I ross a barge Jump ing opera tion -

-‘u s - - t hen ssi:si5j -s e ch a ra c te r i s t i c  ~‘ ‘ t h i s  s t u d y  is tha t the  wa te r ’

d e p t h  st  t h e  dis;’osa~ s i t e  was a pp r o x i m a t e l y  GO me t e r s , w h i ch

was d e e j - e r -  t n 5 i i s  the s_ Ic ;- t h  s _ m t  dfl~~ other s i t e  in’ives tiga t es_i in

:1 15 s t u d y  -

In suds Ian , one of the  sssost  i nsH ’ or t a nt  r e a s o n s  for’
s tu dy i n g  t h i s  area was tue I’CB ’ip i i i  t h a t  occux’re-i  when a

t_’ ~e s_ s t n ’ S c s _ l l t r ’a : r s t a r s : i e s ’  t e l  t d u r i n g  an u n l s_ ’, is _ t I n i ~’. o p e r a t ion

a b o a t  s l i p sd aces  t t o  the  : ‘us’s _ m u sh River w a t s -’ i’  - ‘i’he

t r ios a m e s-  t ’rs _ ’’se s_ ’pen , and large am oun ts of I’ s_ ’Bs we ’ s,- re t e as ed

t o  t i s s ,~ water and se di m e n t  in t h e  s l i p .  I n i t i a l ly , m o s t  ot

the  sp i l l ed  ma te r i a l  was hys _ l r ’- su l  ic a l lv  removed w i t h  a d ive r ’ —

o ;-era ted dredge. However , some of t i m e  I’CB m a t e r i a l s  were  in-

corporated i n t o  the sux’s ’ou imding s e d i m e n t s .  P u s -’ t o  the  t idal

cur - s -a nts these PCBs were likel y spread b a t h  u pr ’iv s -’s’ and down—

r ive r  in to  E l l i o t t  Bay . Both f e d e r a l  and s t a t e  w , m t s -’-r p o l l ;r —

t ion  and o the r  agenc ies  had exp re s sed  conce rn  a b o ut  t h e

potential effect of dredging the s e d i m e n t s  in t h e  w 5st e rw ay  on

the release of [‘CBs and wate r  qu a l i ty  -
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The Corps of Engineer’s maintains a navigation chan-

nel 17 ree t deep in the waterway. Figure 116 contains a

gen eral :s: ip of the area as wel l  as sam p ling locat ions- . On
Feb rua ry  16 , 197 G , samples  of sed iments  scheduled  to be
d r - ed ges _ I the next day w c o r ’ a obtained from three sites in a por-

t ion  of t he  water-way near the P~ eing Aircraft airport.

1-u w a : s;ish R i v e t ’  Si t e  1 was at the Corps of Eng ineers  mark  1116
+ J O , just upotme s_ un tr am t he  16th Street bridge . Site 2 was

at s an - h 109 + 10 , 300 meters further upstream , and Sit e 3

was at  s : : , u i - ’h  ‘ 
-
‘ + 01 , ano ther 300 meters fu r ther up st ream bu t

j u s t daw:;sts’e,us, l i - a s s :  t he  pier ’ at the South Park har’ina . The

w ’ ; ’ s- - ISSh~~5 l w i t h  s_ i ;‘i ;-e dredge • Temperature , P . O .  , and
salinity p s’s: lit’S of w a t e r  sa m p le s  were a l so  t , i }- ,en  at these

Si  t es  -

s_ - t s r ’  t ii s-ed i me n t  u5inssple was t ak e n  w i t h  a p ipe s_ is ’ s-’dgs-’

IS i - a m  Pt iw - r , ;i sh R i v ’ ’ s -  S l i p  tis _~’ . 1, w i s i c t ~ is scvs-’t’ s_ s l  u s  I s _ -s s_ l a w n ; - -

S t ream s a r i :  t N s -- if t I i  S ti ’e s_ ’t h s ’ i s _ I ge - Th i s_ i  5s ’ , 5 : 5  t i ;s_ s i t s -’ at t h e

ns a’, ’ i’ s_ ’b spil l ti;s ,- p x ’ e v i s - ’ i u o  y o s t ’ . One s am p l e  of  :~~ u i - f , m c s ’

t~ , i t s _ ’5’ in s_ I so- a t  s i t e s -  c o i l  ac ted  w i t h  t h e  ss_ ’dj ms _ ’n : t  is s i ’ s_ ’ t s_ l 1’s _ s -’ Si
t o  s s _ u s _ t v  I : -  i - ’ s - I  C , i s ~~s ’ a t  l ’Ch: ;  i n  t h e  clii t i - i - s t e  t e s t

A l  1 s~sm p  less we s- a placed i n  I - — g a i l  on p o l ve  I l i V l C f l e

S u c k s -’ IS :‘- anisl i c e s _ I  s _ l e w i s .  Sl a v WeOe s _ s i r ’  d i i  ;‘ps - ’ s _ l t o  I S F P  ,m n s_ I

5 ’ l , i s _ ’es _ I  : s n r s _ : . ’s ’  n ’ e t n ’ s _ s t s ’s’ , i t i o n  a t  I ”C u n t i l  el utx ’ia t i o n .  D i s p o sa l

s i S a  ss_ ’ s _ m t s _ ’r , ‘t t ho e L u  I i i  ate tea to came t’i ’onr t i r e  h ot  t a m  v - s t a r ’ ;:

s_ ’t  i ’s _ i ’ , et  l-s - ’ :ui ’, - I u r i s _ I  I s - o r , u  n s e , i n ’ s h s _ ’i ’ e s-o t t J s _ O ’  (s ’ , i t s -’ I ’ s s  • l ’h s-’; se  W , i t s _ ’ rs s

v - s - . ’ f , ’:s nu t s  h a v e  s s _ :~ ’n t  s e al  s - s U n s  I r s _ ’.’; . m n s _ I  S’s_ ’n ’e  I Fs ’ , i I  e s _ I  as  l h s -’
m e W a t t ’ 5 .

S es _ t  i f f l”O  t t an s) i’ l lWSf l ;  i s ; l r  ~ i Vt ’S ’ nt ,ii ’k I fl f + 0 11 1 a 2 1 2  +

Q s _ 1  W , I S  s _ Ir ’ s ’s _ l t’, es_ I oil FeL- ’n’ ss ,ss ’v 17 m n t s _ l  d i o p a s _ s- ’ s _ i a t  it  h s ;o t  I’) iC-I

! 1 1 ;  ‘ t I P s ’,’ ( cee  i i  g:is’e i i ) .  The , t r ’ , ’s l ae  w , i ; :  a c l a m  : s l r , ’l l  s _ t r -~’s _ l g e

vi  t I .  a b u c k e t  a t  11 c u l - i s _ ’ y i n ’ s _ I s .  The s-h’ s_ ’d 1’, s- ’ s _ i r i s a t s - r i a l 5 , ) ; :

H u 5 ’ej in l’-uot e ; ;  w i t h  c a p ac i  t i e : ;  a t  i O U  t o  1 0 0  s- ’u i ’ i s - ’ V a n s _ I s ’ .

Two a I h i s -’: ;, ’ 1’ i ’ s ’ s - s s’ s - i ’  - i l l  I s ’ s ’. ,  s u n  I 555, a - i s - l i  5 , 5155 51 sid a h e ! ;  I s ’)

I l l s ’ d : i n rus  a - s_1n ~~~~‘ S r - u  - a ‘ s_
V 

tfl t-s , is’ s ’ i - s i  I s- - n ’  O s _ l i ’ S  i s - ’ ! s _~~ t S I c ’S 
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(s e ’.’e :: i:ssivid-u,tl sa:s ;-ies) ~i ss _ s _ l  P . O .  and  t s _ ’::: i- ’a r’ , m t u s - e  p r o f i l e s

‘.~- es’ s- ’ t a ke n  at ’ s_ -v a  and Se~~aw t h e  s_ i I ’ C s_ l f , c a pe  r a t I ~~g in t h e
— , u’.-.os’,i sh  River ’  : sr ’ o i s s g  ilas i s :  -

-I: , s o b s - u .  us ’ ’; 17 , IS st e s o  war e  t l s i - ’ s- ’a d r  aposal o;’~~rat  10115

I n 5 s_~ li ’s_ u ’, I s - :  1 ei se  a: .:,a IS e r ’s ,i l  cs _ as I S a  ned  lit  tws _  h , is ’ s’e 5 at
a S s _  \‘ ,‘. . , ‘IC L~~S I S  5’.’ d s _ ,  s t a t  mc:si t a r - a s _ i  s - : x s _’ s- ’ ; ’ . : ar ’ D 0. data.

he - a t h s - s : ’  t w o  s _ l i sp o sdi  a w a r s -- l it- v l a s_ I  LI , h o t  t Fat’ P’uri~ ’s N o s -

IA , ii -’ ~ t ts _ I  IA , I F  j :’. . -is _ ,’c c:’s _ l is’ t ha t lisa sas_ps asice 1:: v l s i  c s_i-

tOo  i s :  -c s  as:: ; t i e - s  t h e i r ’  h o l d s .

A t a I S , u l o: l-. I w a t e r  s- a m ; - la s  was  co 1ies_  I s -- u .  t5~imp lins’

l , t a t e s _ I 1 s_ - ass, , i S s _ ’ -st 30 minutes before t :i c  f i r s t  dun; ’  ( h A )  u : r t  il

~~~ s , I O , . I S C 5  SI L el’  t I r e  l,sat s_ lu rs: ;’ (IF); the t s _ ’ t a I  m o nI t o r in g  tii;:e

w,ts ap , — s ’ s_’x~~:s u mt e l v  - S h o u rs .  Sari p les  w a r - c  co l l e c t e d  l i ~atss
h a ,  ISlss _; of I , $1 , a n t s _ I  f I  m e t e r ’ :: i-s’lthi bit tie d i a nt  submersible

pu :ss;-s air p las t i c  hose l in e .  ‘I he sanrip i lug vesse l  was a s_ ’s_ ’I’p5

c t  Lu g, i n eer s  I lL )  t a ct  snag  barge  named ‘She [“ug~~t -

E lu t r iat e  ar id F lop  ‘l’est s

~en e s ’I I  l Ied lr . :e i rt Ch a r ’ac t e r i s t  ics and Ox y g e n  Demand
‘Ilie s e d i m e n t s  s5-a r e  a n a ly z e d  for’ o x i d a t i o n - r e d u c t i o n

potent ia l  ( L i i ) ,  s:slI’ ide os_ ’ s : s _ - e ; : t  s’s I s_ a ss , and percent dry

w e i 5 , h t .  h i r e  sJu: ;;’ _ a  t I ’0i51 I S ” l t e  1 L~~5 i  ni-tv ) d i f f e r e d  gr ’eat lv
S m om Sites 2 (—9 1 i sv)  and 3 ( — i l l  m y )  samples  . There was
a ; s :s i - -k as _ I d i f f e r ’ s-rus e no t ed  be tween  S i t e  1 mean s u l f i d e  ( 13

mg /kg ) and Sites 2 and 3 mean su l f i s_ t e  (2 5 4  and 2 47 mg /k g ,
respec t  i ve lv )  - The mean p e r c e n t  dry  wei ghts also showed

a s~,milax’ trend , 80 p ercent f o r  Site 1 , 57 pe rcen t  for  S i t e

2 , and 60 percen t f ax ’  S i t e  3 sediments with standard devia-

tions of 0.8 , 11.3 and 0 . 5 , respectivel y. Site 2 sediment

ccsi ts _ iirie s_ 1 9. 5 p e r cen t  clay , 49 pe rcen t  s i l t , and 41. 5 per’ —

cant sand . Particle size analyses for Sites 1 and 3 were

not dane hut  should have a similar composition as they were

taken fairly near Site .1.

The oxy~ten demand test was performed on all three

Duwarnish  sediment samples. Table A3 4 , Appendix A shows the
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s’ s-u;,:lt’,i ci t o e  S I t e  1 a e s _ S 1 : s e r : t  t r I p l I c a t e  i - i : . H , - - S I S d i . i i h ’ h

l a ’,’ .s_ t t c s _  it s’ ,I : : , ’a s _ l n e t s’ s_ -en  0 . 1  s i-u :  0 . 3 , i n - l i c a t  s_ S .f goc’ I

r’e~’r - s_ - t - u c I L s l l i t ’ ,’ . I ’ i g u s_ ’e  117 ;‘s’ s - : : s ’ : . ’t: -: m a  p1 ‘ of t i t s - - ‘. - s _ ’~

lisa slope at the 1cns _ - f- s : : ~~- s_ i s_ s_ s_t a — 0 . 0 0 1  r s : ’/ l  sal:; — : -  r the

Is at H ~ :‘ - ‘1 is _ a sas~ le s _ i - - rs : S i t e  1 a s u ; s _ a -s” , an t H o  o v er
.1 OX . e — ; 5 s _ ’ur p e : ’t ad .  h~~s_ i’ u p t i s _ a : o r ~ t he  t:rst ms_ s i- ; - -s_ sr  c alm s

s em i - ’  v t;: c a l cu l a t e - .: to  : s _ -  : : 2  g 0 ss_~~ an d  0 . 0 3  s:: 0 / irv

.:,e asm ,  l a s  : s o .’:: ,.~~s_ ’a,a:s,i sh S i t  a ;: , a s _ s _ i  3 sh- ‘,-:‘:d

, ; l r s U, ;r ’i t ’ i es , as ~,i:: he seer:  is: T a b l e s  A35 is: I r U G .  me
u : - I S , i k a  j a r  a c - r b i c  m a t e r  ± :s tire first ha-sr :s’m I’ . I x 10

a, 0 s_ c r  I s _ t a  2 sed~~ss ;vr: t  555-h S . s_ :< 10 g 0 .  m i - -  S~~t-,s_ i

se il ss :c:st  - The u p t ak e  f a r ’  t I r e  same t in e  10 : 1 0 - i -  pe r ’  dry

w a h :, l I t  W d S  0 . a s  irig 0 . f a r ’  S i t s _ ’ 2 and  O m I  mg 0 . for ’  S i t e  3 
- ‘

sedirs :e:rt . hir e a sa::-os of the fast and slow sosaronents from

toe  :‘hats of t he  ss _ mt s :j— i es  f r om Si tes  2 a i r s _ i  3 -sore -also sis :i ls r ,
as can be see n in F i gures  Us ~s_ iu ill. ‘l’I-u~ s1o~ e of t I l e  f a s t

components fo r  one hour’ were —0.030 mg/l min~~ far  S i t e  2 sod
— 2. 033 mg/i rnin~~ for’ Site 3 .  In the first hour , the s lop es
for the sUs_t’ c o mp o n e n t s  w ei’e —0.00 1 mg/I min~~ fo r’ S-ito 2 .- i : i , I

— 0 . 0 0 7  “ a/ i .  m m f or  S i te  3.

L hu t r i at e  Tes t  Genera l  Parameters

Pu p l i c a t e  5 pe rcent oxic , 2 0  pe rcen t  ax is , and 2 0

p e r c e n t  a n o x i c  e lat r i a*e  t e s t s  were  run  on S i t e s  1 and 2

se d i m e n t s  and disposal site water . Site 1 elutrlate tes t s

coed site water 1 and S i t e  2 tests u s e d  s i t e  wate r’ s i and 2

(taken at the same place at the same time). In addition to

the sing le 5 percent axl e , 20  percent oxic , and 2 0 percent
anoxic elu triate t e s t s  r u n  on S i t e  3 sediment , a 2 0  pe r cen t

p i ap  tes t  ( 12 l i te r  to t a l  volume ) was alsc run . Al l  Si te 3

e l- st r i a t e  t e s t s  u s e d  s i t e  w a t e r  2 .

Dup l i ca t e  e l u t r i a t e  t e s t s  run  on Duwansiish River

Site  1 sediment  showed good r e p r o d u c i b i l i t y  for  the ge n e r a l

p hysical and chemical parameters nn s .- ’sur ’ed  (Table 387). The
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D 0. a s_ ’i i ce i :t r ’a t ions  did no t  appea r -  to change more than

0 . 6  s i -gi l - h u- i n g  the 5 percent  t e s t s .  A g rea te r  D . 0 .  con—

cefl t s_ ’s_ i - t l an  i-s’ s_ I S  f ound  in the  2 0 percent  e l u t r i a t e  a f t e r

m i x i n g  than in the 5 percent  t e s t s.  A f t e r  s e t t l i n g, the
20 percent oxie elutriates still had higher D.0. levels

than  the  two 5 percent  elutriates. Dissolved oxygen ,

dur ’ing set t l i ng  of the ano x i c  dup l i ca t e  t e s t s , rose from
below 0.5 to L4 arid 0.6 mg/i.

The pH decreased during all six Site 1 tests but

LIes_jl’e,(sed to a lesser e x t e n t  in the 5 percent  t es t s  - The

i-’,I’C as _ Css _ ‘0 decrease was found in the 20 percent  anoxic

tests. Specific conductance decreased to the same level in

tu e 20 percent oxic and anoxic tests. Virtually no change
in specific conductance was f o u n d  after 5 percen t elutria—

s_ion . Turbidity values were about the same in all elutriates

w i t h  an ind icat ion  that  the t u r b i d i t y  in the 5 percen t elu—

t s_ ’ ia te  may have been sligh t l y less than in the 20 percent
elutriates.

Table 388 shows good reproducibility among general

physic- s_I and chemical parameters measured during elutriate

tests on Pu ws in a i sh  River Site 2 sediment . This sediment was

collocted upriver from Site 1 and appeared to have a greater

oxygen  demand than Site 1 sediment . This is consistent with

t h e  0.0. uptake results in this  s tudy . Dissolved oxygen

conce i tt r ’at ions  a f t e r  s e t tl i ng  were greater  in the 5 per-

cent than in the 20 percent oxic tests. They remained

UJ,ow the  de tec t ion  l imit  dur ing  s e t t l i n g  of the two anoxic

tests. The fact that Site 2 D.0. concentrations after

settling were lowe r than those for Site 1 may be related to

the relatively lower D 0 .  in the site water used . The pH

decreased to vary ing degrees as a result of elutriation ,

with the 5 percent test showing the least change , the anoxic

s lis _ ’wing the greatest decrease (1.1 u n i t s) .  The s p e c i f i c  con—

ductance decreased to the same level in both oxic and anoxic

20 per-cent elutriates . It decreased by a gr eater amount
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- iS , ’, S re t s _ n ’ 0 5 5 1  n ’ i d  5 5  , ‘ s_ ’ i ~~ Se ’ t i e ’ :;p e ’ s_ ’ C ’

L’ S ’l’, S i l i s _ ) t , I f l s _ ’ ( ’ s _ I  t h e  s; i t 1 ’ w a t e r  t s _ ’ r  5 p~’n’cent I e~~~t :1 W a S  f ) ’ e , i t  01’

t ha n h , i  t o t I he ’ wat  e 1 ’  u 5 s _~ s_ i fo r ,‘O p e n - c e n t  t e cl the sp e c  i Ic
s_ ’ ens _ i U s _ ’ - i n s _ - e s _ s _ , i ues ins  t h e  5’ p c I - c  e n s  I e lu t r i 511 C’s were g r e a t e r
lia~i I h- ’ss-  in the ot her’ el utn ’ i at es . f , i  in )  i t y  s_ lee  n ’case s_ l  to

ahoU t the noise le~” I lri I l’S - lu t  r i s _ i t  e’S - The excej’t ion Wa s in
0 - -¶ i s , ’ ~‘ 5’ t ’s’ s_ - t ’n : t  e~lu t ~’i ,t te ’~ , w h e r e ’ I h op e  was i L7 /oo di I I 0n ’ e’f lC ,~’

he t w ’ ’en - , el U t  C) la t e  V s _ C l u e s  - A lt l s o u t ’ , ls not much  s _ l i fference i n
tu rb i d i  i v  wa s  I ~‘u n i ~l i i i  t h e  ~1ut r i at e s  , it appeared  t h a t  5 ’, eneis- i I l v
V a l i s e s  wer e  1 ’ ’\ I ’ s_ ’ s t t  j n’i h e  2 0  1’ ei ’ s_ ’e s i t ox ic  (- , 1 utr~i, s_ lte and h igh est

is :  t h e  s _ C 5 1 s _ ’ X l s _ ’ ‘1 str i at e .
V I so s’s I s_s p 5 h t ’  e, ,’n ~~’ra 1 phys  lea .1 a nd c-l se mi ca  1 p aP a—

ISo I or:; t’,se ’d S 4 ; r ) I ( I  s _ I U C ’  ing e 1 s_ s t r i s _ i t o  ‘S~~’:s on O t t 1 ’ -~ s ed imen t  are

5 5 5 , , ; 4~~ fl 5 I ’s _ i ins  ‘ 5 , 1 1 1  it’ ,s8 0 - The s_ ’xvt’ s_ ’n s  demand at  t h i s  sed iment

~L i S  I’ t’ai’s 1 a h av e - been  I he  ss inse or si i ~Iit ~l y great  or t h a n  t ha t  of
5 - l t e  2 sediment - ‘Sh e  I s . L ’) . a f t e r  s e t t l i n g  ot  t h e  5 percent
oxj c  t t ’st was the low e s t  ot the I l i r ’ s’c Puwamish River sediments ,

.8 sni t ’. / 1. ‘[‘ l ie ’ 20 pers_,’t ’ ss t oxie clint 1’i~~~t H  P . 0 .  was about the
sa me 55; 1 t i l t  01 Puwain ish  R iv e i ’  S’site ,’ - The p at t e r n s  and v a l u es
o I p 11 were comparabi  e t s_ ’ -t ho s t  e Is_ ’ s in s s _ I  in the s_ - s_ ’)rre SpOf l s _ l  i ng e lii —

1’ s _ a t  es or the o t h er ’  l’Suwamish River sit ’s •
A s _ le s _’reace in s ’spe s_’i f ic  c o n d u c t a n c e  was found  a f t e r

5 p e r cen t  e l ut r i a t  ~~~ n .  ‘r hs _~ 2 0  per’cent o s-s is _ I  and ,in ox ic  e s _ u —

tr rs _ i t es showed an increase , wh i ch  was not seen in t h e’ other’
al-ca el ut r iate s. As was generally found in the Site 2 t’l utri a tes,

the  h tgh es ’s t turbid itv was seen in t h e’ anox i t’ e lu t ri a te s  - Tu r—
I~i s _ l i t v v ,ilue-s in the S s_md ‘0 percent ox ic e’l u t s ’ i a t t ’s were
s_ -om~’ it’~iI’ i t ’ .

The P . O .  found  during the p iop test was low , with

values fa lling midway between ) those in the ‘0 percent oxic and
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anoxic tests. The concentration after mixing was 1.9 mg/i

arid after settling i-zas 1.7 mg/i . The specific conductance

and salinity decreased to a greater extent than it had in the

standard elutriate tests. Turbidity was also much lower than

it had been in the other tests.

Several patterns were apparent from the general

parameter data for these elutriâte tests. The D .O

concentra tions measured after settling indicate tha t

sediments collected farther upriver had greater oxygen demand .

The decreases in pH upon elutriation were more pronounced the

farther upriver the sediments were collected . The anoxic

tests tended to cause greatest depressions in pH , and 5 per-

cent oxic tests , the least . Turbidity was generally highest

in the 20 percent anoxic elutriate. This Os _ Sli P~’ ~-Xp idisi” s_l

by the fact that iron under oxic conditions would tend to

flocculate , which would tend to reduce turbidity. Under anoxic

conditions , the iron would remain soluble.

H e i - s_ -v  Pc ’ t , l  I:~

Total metal compositions of three sediment samp les

collected from the dred ging sites in the Duwamish River are

presentes_l in Ts_ s_ ble 300. The results were typical of those

found for relatively uncontaminated sediments. Manganese and

iron ranged from 493 to 572 mg /kg and 15 ,581 to lt’,079 mg/kg ,

respectivel y. The nickel (15.0 to 17.5  m g / k g )  and zinc
(68, ~ to 73 .6 mg /kg ) concentrations varied only slightly

between samples More variation was noted with lead (13.0 to

27.1 mg/kg ) and copper , 22 .5 to 42 .8 mg/k g. Nercury concen—

trations in all three samp les were below 0.1 mg /kg.

The metal composition of these Duwamish River

samples was comparable to tha t of Puget Sound sediments re-

por t ed by ‘ t- e ’s_ ’ t ’ I j n et a1~~~ However , the metal concentrations ,

Si) (1
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ments were signific antly luwe n- - than ths _ ’~;e 05115 - 1 ‘1 sst - mou t h
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t han  t hose in I ‘s ir e  t Sound -
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ol u t r iat e  and plop tests were fairl y compai-able . The r ele,-ise

of iron and mangdnese was d et e c t e d  , i I O I I t I with sorpt ion of

oiw - . Manganese release ~-‘as g r e s_ i t t - n -  in the plop t e st  ( 2 0 5

9g/ l )  t h a n  in t i -ic t w o  oxic elu t r ’I c it s ’ t e S t S  ( i l l ]  , l I i c l  191 L ig/ 1L

‘I hse r e s u l t  s for ~iie m e t a l s ;  o ther  t h a n  i ron • !n i , nn t ’ , s _ I n i s ,’ ss _ ’, s_~~ i i t  s’ Inc

wt ’i~o similar to those f o u n d  in the  u ’ l U t r - l s _ I I O S  u s i n g  Duwamish

River  S i te  3 se d i m e n t .
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I -P ’ :ni i t S  ol n i  t Il ’St ’ll - 1 ’n iipoiiiid y,-n’ :: 1s’i’ Un -iw - in:  I

River’ Si I 1 ~ - Lu  t i - l i t  t s _ s t  ~ s_~~r e 1  I N n ’ I ’ : : I ’ I i t  O I l  ~~ll  t i~ i t ’ ‘ 0 I~ -
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WCI 0 I ’ 1) S I ’ I ’ V I ’ I  I I )  l i t ’ 2 0  pt ’ I ’ i ’ s_ ’ n t  s _ ’ l i i t t - i s _ i ’ t  ~‘: ; .  O n ’ : ’ , w n - I ’ N UI ’ I 4 ’, i : ; s _ ’
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Table 3913

Nitrogen Compound Concentrations:

Duwamish River Site 2 Elutriate Tests
(mg N i l)

Sample Organic N Ammonium Nitrate

Designation X SD X SD X SD

Site Water 0.17 0.03 < 0 . 0 5  ~0 0.39 0.01
5% Oxic A 1.86 0.06 1.54 0 0.33 0.01

B 0.20 0.13 1.51+ 0 .01 0.37 0.01
20% Oxic A 1 .26 0.32 5.74 0.15 0.33 0.01

B 2 .92 0 . 56  5.82 0 .08 0.31 0.01
20% Anoxjc A 3.71 0.25 4.15 0.11 0.32 0.01

B 1.02 0.19 3.92 0.11 0.34 0.01

A and B are rep licates.

Mean and standard deviation calculated from duplicate analyses

except for nitrate (calculated from triplicate analyses).

release was higher with the higher percentage elutri ates

and under oxic conditions. It was higher than that observed

with the Duwamish River Site 1 elutriates. Nitrat e was

essentially unaffected by experimental manipulation s of the

aeration procedures and the percent sediment volume in the
elutriate. Organic N analyses showed somewhat poor repro-

ducibility, which may be related to sampl3,ng of the suspension .

Nitrogen compound data from fluwamish River S i te 3
elutriate tests and the plop test are l i s ted  in Table 397.
Aminonium release was similar under oxic and anoxic conditions ,

with concentrations falling between those released in t’lu-

triates using Duwamish River Sites 1 and 2 sediments. Both

ammonium and organic N release decreased in the lower sedi-

ment volume elutriate , and organic N release was apparent ly

enhanced by anoxic conditions. The nitrate increase in the

anoxic elutriate was unexpected. Nitrate concetstrat ioi’is

858

~~~~~~~~~~~~~~ 1~~ TT , 

- _ _ _  
-
~~~~~

- — -



845

_ _  - - - I - - i,’- --

Table 3-3 1

N i S  i’e~~efl  Cotn -~,pound Cs t i s_ : e u i t i ’a  t i OIls; : D u w s _ i n : i i u h :  R i v e n - ’

S i t s _ -  3 E lu t l ’ i at e  ‘te sts and Plo2 ‘ l e s t

(mg N/i)

Sample Organic  N Ammonium N i t r a t e

Des ignat ion  X SD X SD N SI)

Site Water 0.17 0.03 < 0 . 0 5  ~ 0 0 . 3 0  0 . 0 1
E l u t r i s _ i t e  T e s t s :

5~ O x i s _ ’ 0 . 3 6  0 . 1 5  1 .38  0 . 0 1  0 . 4-2  0 . 0 1

2 0 %  O x i s _ - 1 .96  0 . 16  3 . 8 0  0 . 0 5  0. 36 0 .01

2 0 %  A i s o x l c  -1 .19 0 . 3 3  3. 77 0 . 1 0  0 . 4 0  0 . 0 3

Plop ‘lost 0.38 0.01 0.86 0.01 0.45 0.02

Me a n  and st an dac ! ds _ - vi a t  ions ca l cu lat e s !  f rom d u p i  icat e  s _ i i i a l  vses ,

excep t  fo r  I n I t I s _ i t C ( c a l c u l a t e s_ I  f i - o n i  t r i p l i c a t e  analvsses) -

cu s tom ar i l y  s_ l e o n ’ e a s e  in s_ n -sex ic e l u tr iat e  t e s ts .  This  inis _-iy

be due  to t h e  problems of re l  e s _ n - s e  of  i n t e r f er e n c e s  in the
nitrate anal yses.

‘rise plop test was devise d to s imulate s_ i s closel y
as poss ib le  t h e  con d it  ions in the water column during disposal
operations dt Fuget  Sound . Results of nitrogen c o mp o u nd

anal ysis (found in Table 3 0 7 )  showed that  o;’gs_iiIic N i-d es _ su e
was comparable  to tha t found  in the 5 per’cent exic elutriate

t e s t s  u s i n g  the  same sediment . Ammonium c o n c e n t r a t i o n s  were
lower , and nitrate concentrat ions were essentially the same as
those observed in the corresponding 5 percent oxic eii .utriat e
t t ’ St S .

Some generalizat ions can he derived from the series
of tests on Duwam ish River sediments. There was no consiste ir t
pattern for either release or removal of nitrate. Ammoñiuni
release WdS generally moderate and was higher for Duwamish
River Site 2 sediments , even though Duwdmish River Site -~
sediments had originally shown a higher nitrogen Content .
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Organic N release was apparently higher under anoxic conditions

and , like ammonium , increased with the higher sediment per—

centage elutriate.

Pho sp horus Compounds

The total phosphorus concentrations in the Duwamish
River sediment used in elutriate tests are presented in Table

398. The concentrations at Duwamish Sites 2 and 3 were

not statistically different at the 95 percent c o n f i d e n c e

level. Those total P concentrations were greater than the

concentration found at Site 1, the most seaward samp ling site.

An apparent iron precipitate formed in the samples

between the time the anox~ c elutriates were filtered and the

soluble ortho P analyses were made. Each of these elutriates

was , therefore , refiltered . To estimate the quantity of phos-

phor-:; removed with the precipitate , an attempt was made to

calculate the total phosphorus concentrations of the original

filtrate. However , the large quant ity of iron interfered in

the analysis and tota~l P could not be determined. Therefore ,

the reported soluble ortho P concentrations for these anoxic

elutriates are probably low.

Three sets of duplicate elutriate tests were run on

sediment from Duwamish Site 1. In each case , one replicate

showed art increase in soluble orthophosphats_’ and the other

showed a decrease (Table 309). Differences in the  os’tho P

concentrations between replicate elutriates ranged from 2.5

to 7 -fold and did not seem to be related to any of the physi-

cal and general parameters monitored .

Table 4-30 presents soluble o r t h op ho s p h a te  do t i

for Duwamish Site 2 elutriate tests. Although the rep l icat e
elutriates showed 1.8 to 3.6—fold differences in solubl e ortho

P concentrat ions , the direction of concentration changes

relative to the site water was the same in the  rep licates.

Both the 20 percent oxic and 20 perc ent s_’rnox i c s_ ’ l u t r i ~ i te s

8 130

- - 
_
~~T , ,iI~

:-- -- -
~

-
~

’-’---- ‘ - - -



847

- - - 
‘

~ 
- 

- 
-

~~~ 
- 

p 
- - ‘ - 

- -- 
- - - - _ -

‘lot 1 -  3,18

‘Iota!  Ph s_ lS l Ihor ’US C o n c e t it r a t i on :~~
P u w a nn i  h N i V t ’  P St ’ sI i tue  nt  Samples

( i; i i ’. I / k s ’. d ry  W e i  ~‘.h i I )

S,i 
~~ lii i~~, S i t e  l o t s _ il Phosp ho i  ‘us

__________ X SI’

1 508  76

2 82 8  29

3 025 d l

N - i n :  s _ i ; s 1 St  s _ m is _ lO p s_ I s_ Is _ -V i i t  iou  c a i cn - t l i t - ’ s _ I  (i ons:  du p l  ic at s ’
s _ l i :,’- st  i s_ ’ns s_ ’ I one :5 , m tnn p 1 e -

‘ I i  1’ 1 s_ - 5 1  ~

So u i  to P s ’  Is _ ’j ’ i i s _ .~~ d ~~~~~~~~~~~ C 1 :cs _ ’ n n  n ’ ,  it j o t : : ; :  S 1 uw , in s i s ;  I s N i~ en ’ S i t e 1

dx a s i l .- \ : i s_ ‘x I s_ - h i  U t  P~ s_ i t o  S e ;  t s

(m c~ P/i)

Sample  5 2 ’o l u b l o dn -’ t ho P Tot s _ m t  Phoul’h oru s

I S’;; i g n u a t io n  N SD X SD

S i t e  W a I s _ -r ’  0 . 0 7 0  0 . 3 0 1  0. 11 0 . 0 0 5

5% O x i c  A 0 . 0 5 4  3 — —

B 0 .L 3  5) — —

2O ’~ d x ic  A 0 . 1 9  0 — —
B 0 . 0 5 0  0 . 0 0 1  — —

20% Anoxic A* 0 . 2 9  0 . 0 0 1  — —
0.042 0.001 — —

A and B are replicates.
Dash ( — )  in (Iicatcs not app licable.

Ms _ ’ , i n i  and s t a n d a r d  deviation calculates_ I from triplicate analyses
of one sample.

*Samples refilti’r’t’d j ’i’i s _ ’t’ to analysis t o  remove material in
Sn :; p e n s  i o n .
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Tdble 4 - 0 0

Soluble  Or thop hosphate  Concen t r a t i ons :  Duwamish  River

Site 2 Oxic and Anoxic E l u t r i a t e  Tests

(mg P / i )

Sa :::pio Soluble Ortho P Total Phosphorus

Designation X SD X SD

S i te  W a t e r  0 . 0 7 9  0 . 0 0 1  0.11 0 . 0 0 5

5% Oxic  A 0 . 0 7 2  0 . 0 0 1  - -

B 0 . 0 3 9  0 — —

2 0 %  t i x l c  A 0.11 0 . 0 0 2  — —

B 0 . 140 0 — —

2 0 %  Anox ic  A* 0 . 2 3  0 . 00 1  - -

B* 0 . 1 4 2  0 . 0 0 3  — —

A and B are replicates. 
-M ean and standard deviation calculated from triplicate analyses

of one sample .

Dash ( - )  indicates not applicable .

~Samples refil-tered prior to analysis to remove suspended
m a t e r i a l  -

showed the increases in soluble ortho P concentration . Al-

though there was no statistical difference in concentration

(at the 95 percent confidence level) between the 20 percent

oxic and anoxic elutriates , some soluble ortho P was probably

removed with the precipitate during the refiltration of the

anoxic elutrIates. Only in the 5 percent oxic elutriates ,

which had the highest final D.O. concentrations (approximately

6.6 mg/l), did the soluble ortho P concentration appear to

decrease as a result of elutriation .

Soluble orthophosphate concentrations in Duwamish

River Site 3 elutriates are presented in Table 401. Only

the anoxic tests (whic h hid been refiltered) showed art in-

crease in soluble ortho P resulting from elutriation . The

reported concentration is likely lower than that present

862
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Tab le  401

Soluble  Orthop hosphat e Concentrations: l- s iws _ is :;is h Riv -:

Site 3 Liuts ’ i s _ i t s _ ;  ‘i e s t ~ s _ m id !‘lo,j, Test.

t .s :ig P / i )

Ss_ implo D e s ;  i g n s s _ m  I ion s S c ’ l t i l l e P t ’ t I i o l
_____________________ ______________ 

3 5 )

S i t e  i~s _ m t o i ’  0 . 0 7 9  1 . 0 0 1
L ’ l u t r : s _ i t e  ‘l o u t s :

0.032 0. 002

20~ Cx i c  0 . 0 2 0  0.001

20% ,- \ n s o x i c  ~ f l . i~~ 0 . 0 0 3
P lop  T~-s t  ( 1 2  0 . 0 3 0  0 . 1 1 3 1

M o an  dfl s_ I s t  a n d ar s_ I  s _ I O V  i s _ s t  j o i n  s_ ’ , i  I c ; :  I m l  O s _ i  front I rip I l o s t  o on: vses ;  -

~ S in: :~’le Ps _ ’ t ’ i i t s _~r~~d P s - i  ‘5’ 10  s _ i t 5 s _ u l V :-~ iS I i ’ C f l i s _ - \ ’ s_ i 5 1 5 O s _ ’ j p t . s _  t o .

immediately following the elutria te test. S o l ub l e  o s ’t h o  P

concentrations in the oxic elutriates and in the plop test

elutriate were lower than t~ ;1 ’~~ ’ in the site water.

These soluble or tho P concen tra t ions can be re-
lated to the D.O. content of the elutriate after settling .

The 5 and 20 percent elutriates had D.C. concentrations of
4.8 and 3.6 mg/i, respectively, whereas t h e  anoxic  elutriatos

had less than 0.5 mg/i D.C. Although the p1op test solution

contained only 1.7 mg/l D.O., its soluble ortho P concentra-

tion was about the same as that of the 5 percent oxic

elutx-iate .
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From these tests it would appear that  when dealing

wit h the water and/or sediment with a high iron content , if

the oxygen condition-is resulting from dredged material dis-

posal could he estimated , the direction of change in soluble

or thophosphate  concen t ra t ion  might  be p red ic ted .  If oxic

conditions are likely, then water column soluble ortho P

levels might be expected to decrease. Conversely ,  if anoxic

conditions are expected , increases in ortho P would seem

likely.

A 20 percent elutriate test was run on sediment and

water samples from Duwamish River Site 2. The samples were

analyzed for selected chlorinated hydrocarbons , total organic

carbon, and oil and grease. Figure 120A shows the profile

of organic residues for the sediment , water and elutriate

samples. Table 4 0 2  lists the peaks and relative retention

times for these samples and is derived from Figure l2OB .

It can be seen-i that only a small amount of release of chlorinated

hydrocarbons occurred .

Table 1403 lists the concentrations of chlorinated

hycrocarbons and related parameters found in these samples. S

In the sediment pp ’DDT (25.9 pg/kg ), pp ’DDE (14 .5 pg / k g) ,

PCBs ( 1 4 0 6  p g / k g) , and heptachlor  ( 1 .8  pg / k g) were detected.

The oil and grease content was 702 mg/kg and total organic
carbon was 3 .6 percent . Heptachlor  ( 2 . 8  n g / l)  and PCBs ( 11.5

ng/l) were detected in the site water. Release of pp tDDE

(2 . 8  n g /l ) , heptachlor  ( 14 .0  n g / l) , and PCBs (33.4 ng/l) could

be seen in the elutri ate ,

The fine silt sediment was collected at Duwamish

River  Sli p l( s i t e  of the PCB spill described earlier) with a

pipe dredge . Wate r which was collected with the sediment was

poured off into a separate container and the sediment was

placed in a bucket. A surface water sample was also collected

at the Site. Before analysis for PCBs , water remaining in

813 ‘I 

~~~~ - - -  - -.--

~~ .— ---- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—-

--
— 

‘- -- --‘,—‘--- — ---—.-— --‘ — - - —~~~~~~~-



85].

‘I .
II

)
£

I.

— I5

0~~S. I., I

C No N
—

— 0~I. C N 0 tJ SI
S. C.. U —
S . —  S I .-  -
i~~~ —. B ID s_B

N

*1 1. Cl C
4 1 1  II If)

~~ 1. -!. N I-~_ O B
S. .— >. -~Vt UJ I— SI — .

— 
Vt ,-. N C

E
o ON

U’) ~~ 0 N 1 N SI
N E
N

-~~ s_-i
— — C BN N o ‘B

— I.
o C C’
N S. 0

0)

— I- 0
ID — L— ID

‘-I

— 

N 
- — 

(‘4 
—

a cuo d s a~ J ; pJo ~ a~ S

~~~~~~~~~~

‘ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- -
~~~~~~~~

--- - ‘~~~ 
:- .~~~~~~~~~~~~:_ : -- 



________________ 
-

Table 402

Relative Retention Correlation Data: Duwan:;ish R i v e r
Site 2 Liu triate Test

Peak Organic

Number Compound X R Sed imen t  Wate r  J T l u t r - i a t emm r

1 29 0. 1+6 V V
2 33 0 . 5 ?  V / V
3 37 0.57 

~~
‘ / V

4 4 3 0 . 6 3  V / V
5 145 0 . 7 1  V / V
6 4 8 0. 76 / V
7 Hep tachlo r  51 0 .8 1 V V
8 57 0 . 9 0  V / V

9 C-’4 1.02 V V V
10 69 1.10 V V V
11 75 1.19 V / V
12 85 1.35 V V
13 Heptachior 91 1.141+ V V V

Epox ide
14 98 1.56 V
15 110 1.75 V V
16 pp ’DDE 121 1 .92  VV “V
17 128 2.03 V V

18 Dieldrin 138 2.19 V V V
19 lLB 2.35 V
20 151+ 2.41+ V
21 176 2.79 V V

22 192 3.05 V
23 pp ’DDT 213 3.38 /V V

2’+ 236 3 .75 V
25 256 4.06 V

I Continued)
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- ab l e  4 0 0  ( - o i i s _ : l u d e d )

Pe ak  - i t ’s_ mIle

S.u n I ~‘n ’  I -om pL nJ X R Sed iment  Wate r  E l u t r i a t emm r

2 7 8 14 .4 1 /

27 2 8 8  1 4 . 7 3  V V V
2 8 3 3 2  5 . 0 7  /

2 9  335 5 . 3 2  V

30 4 0 1+ 6 .4 1  V
31 4 - 4 0  6 . 9 8  V
32 5 4  8 . 1 3 3  V

Compound was i n d i c a t e d  on one column .
z Compound  was indicated on two columns.

the se - J i me sst  bucket was poured o f f  and nnixed with the other

wa tel - taken with the  p i pe dredge. These w a t e r s  are r e fet -r ed
to s_i s se-i i : s i e n s t — s_ i s ; ; T o c i a t e d  w at e r .

Table 4 - 0 4  VL ’e sent s  the  r e s u l t s  fo r  PCB , oil and
gi’es_ ise , , s _ I 5 . I  s_ -d rhon  an , ,m iv se s  of  these  sam p les .  The sed i : : ; ent

con t a i i i ed  3 , 0 2 2  sig /kg  PCBs and 1.7 p e r c e n t  TOC.  In the
uedin tesmt— - ’s_uso ciated water , t i m e  I ’CB con c e n t rat i o n ;  was 175 ng /l

and TOC was 90 m g /i .  The concentrations of PCBs and ‘1CC in
the s,is’t ace water wem c 70 ng/l and 130 .3 m g / i , r e s p e c t i v e ly .

The se t  hue:;t was compared to several Ar s_’cior standards  and
n: ,ou t c l ose l y  resembled  A rccl o r  1~~,8.

s_s _ i t ,  /

L;-- - 
~-
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Table 1~t03

Data for Organic Compounds and Rela ted  Parameters :

Duwamish River Site 2 Elutriate Test

Sed iment  Wate r  E l u t r i i t - ’
Pararis o -~ r

C h l o r i n at e d  1I~-irocorbons: 
( p g / k g )  (ng / l )  (ng/1)

A l - i r i s ;  < 0 . 4  < 0 6  < 0~~

op ’DD-T < 1 .13 < 3 . 0  < 3 .0

:‘p ’DDT - 
2 5 . 9  < 3 . 0  < 3 . 0

op ’ DDI’ < 2 . 0  < 2 . 0  < 2 . 0

pp ’ DDD < 0 . 0  < 2 . 0  c 2.0

op ’DP E < 1 . 1 4  < 2 . 0  < 2 . 0

pp ’DDE u . S  < 2.0 2.8

Die l d rin  < 0 . 8  < 1 .2  c 1 .2

P s u d o s u l f a n  I < 0 . 9  < 1 .2  c 1 . 2

Liudosuilan II < 3 . 4  < 4.4 c 4 4

Endri n < 1 . 2  < L 6  < 1 .6

Heptachlor 1.8 2.8 4.0

Lin dan e  < 0.2 < 0 . 3  < 0 . 3

P CBs 4 0 6  11.5 33 .4

O th e r  Or~~a r s _ i c  Com2 oun ;ds  (mg/i) (mg / i )
Oil  and C r e , m u e  7 0 2  m g / k g < 0 . 5  < 0 . 5

TOC 3 . 6% N T 2 5 . 7
Total  Inorganic  Carbon 0 . 2 %  NT 10 .5

868
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Tab le  ‘404

Data for Selected Organic Compounds:

Duwamish River Slip 1

Sed iment—Assoc ia t ed  Surface
Parameter Sediment Water- W a t e r

(mollY’ (m g/ l Y ’

PCB s 3 2 2 2  p g / k g  175 70

Oil and Grease NT < 0.5 < 0.5

Total Organic
Carbon 1.7% 90 60.3

Total Inorganic
Carbon 0 . 1%  5 4 . 0  2 2 . 5

‘ F’CB c o n c e n t r a t i o n s  in n g / l .
NT Not t e s t e d .

Bioassays

The Duwamish River sediment toxicity da ta were
col lected for bioassays w i t h  P . pugio in e lu t r i a t e s  us ing
Site 3 sediment . The chemical characteristics data for

the bioassays are presented in Table 405. The total ammon-

ium nitrogen in the 20 percent sediment tests increased 1+

to 5 mg/ i, with approximately 0.02 mg/i present as unioni:ed

ammonia . In addi t ion , the elu t r i a t e s  showed decreased  D . O .

concen t r a t i ons  and increased level’s of t u r b i d i ty .

Total ammonium and D.O. concentrations were

measured at the end of the 96-hour test period. The data

presented in Table 1+06 show that the ammonium concentration

increased slightly in each bioassay e lutria te. Table 1407
indicates that the one-hour aeration per iod  f o l l o w i n g  the

one-hour ’  s e t t l i n g  period was sufricient to raise the D.C.

to above 1+ mg /i. No further aeration was u r e 1 l .

8 1 3 9
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Table 406

Total Ajnntonium Content ; Duwamish River Site 3 Elutriate

Bioassays at Completion of 96-Hour Test Period

Sam le Total Unionized
- - pH Ammonium A m m o n i aDesignat ion (mg N/i) (mg N/i)

Control A 8.1 0.10 < 0.01

B 8•l 0 .10 < 0 . 0 1

5% A 7.3 2.14 < 0 . 0 1

B 7 . 0  2 . 1 7  C 0 .0 1

20% A 7.0 5.84 0.02

B 7 . 2  5 . 2 3  0 • 0 2

A and B are r e p l i c ak e s .  
——

Table 1+07

Dissolved Oxygen Concentrations :_ Duwamish River Site 3

Sediment Elutriate Bioassays over Test Period

(mg/i  @ 2 0 — 2 1 °C )

Time Control 5% 20%
(hr ) A B A B A B

0 7 . 0  7 . 0  4 .3  3 . 8  2 . 0  1.1
7.1 7.2 6.3 6.0 6.0 5.9

2 4 -  6 . 2  6 . 5  3 . 9  3 . 9  3 . 5  3 . 4

48 5 . 8  6 . 1  3 . 9  3 . 8  3 . 2  -3 .2
72  5 7  6 . 0  3 . 7  3. 7 3 . ?  2 . 8
96 5 . 1 4  5 . 1 3  3 . 6  3 . 7  3 0  7 . 7

A and B are replicates.

M e a s : u t - -n , ’ - s u t  s taken a f t e r  f i r s t  hour of —mei’a t ion.
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u i t ~ i- - r u l t s  of the  mets _ i l an a l y s er  ot  t i ’s_ c b i o a s s a y
elu t r i at e s  s _ s _ r e  presented in Table 4 0 8 . ‘iSo da ta  ; ii ’w large
r e  least’:; 0 13 I~o ti  iron and mang1uneu;e - h a nu g an e s e  c oi tc et it  r a—

t ; s _ ’ns m ’ , m r t s _ t e s _ I  f rom 9 p g / i  in t i m e  5 l’e - s_ -esu t tests to  ov e r

t ‘ l O s _ I pg / i  in the  00 p e r c e n t  se d i m e n t  t e s t s .  L o pp e r ’  m - e l e a s e
in I lie 0 p~’r’cent e lu t r iat e s  was approximately two to  f i ve

t i mes  t l u a  t o t  t h e  c o n t r o l s .  N e r c u r y  was ren nmo ved in the  S

I s_ ’ r- c ~ -nt sediment t o r t s  and r e l eased  in the  20 perCent tests -

:\ I en— f olti it s _c r e a s e  in cadmium was ob:- ;e r ’ved  j r -i one 5 pe rcent

rep l i c a te ;  the  o t h e r ’-  showed no s ~,s_ ’, u u i f i c a n t  change  - Lead was
rems_wed in both t h e  S HI1s_I 20 l’e m ’ c e i ;  t s e s_ I i nt e n t  t e s t s .  No

s i~’, n i fi c a i it  ch an i ~, t’r f rom the te: ;t water concentra~~~ons were

‘l ’ s - ivs _~s_ i fo r ’  chrorniunn , n i c k s _ - i  , ass_ i In c.

Table 4 0 9  i’- i’ -~~se~; t s  t i e  r e su l t s  ol t h e  t ’ioassays

as u i 5  Si t e 3 s e s _ h i m s _-n i t s  - O n l y  one o r ga n i s m  s_ l i e d  over the en—

t j r - C ’ l i t  —hour test ps_ - r is _ ’d.

l ’ie id  St u d ie s

- - ‘ ; ;m:’ ,tcteristicr ; of S t u d y S i r e

l i r e  m e c h a n i c s_ i l l  v lr.,’s_ l ged Duwarnish River sediments

v~ - n e  loaded on to ,‘ P s _ t i e  i r i s _ I  d I sp ~~’ses _ I o t in L l i ro t t  Bay
( : ;u; ’,e t ‘ound) - The w a t er  column at Buoy D , the di s p o s a l  s i t e

v t . ; n n s _ ’ n u i  I o n ’ e s _ i  t o n -  ,m j’l’f-oximdtely 4 - P hours  a per iod wh ich
l u c i u s_ L e d  ~r ’e — s _ l i::1’ s_ ’sai  s_ ’o t m ’l i t i o l l s  and two s _ li rp os~i i  o p e m ’ s _ i t i s _ ins -

‘rhe s _ l i ps _ ’sal open-at jots _ s were mon i  t ors_ ’d w h i l e  the
sampli ng shi p was anchored at Buoy P in E l l i o t t  Bay . Two
s p l i t- - h o t  torn barges at - i t ime  , hookcs_ 1 up in :;es_ lUenCC , were

br’ ou ’, it t . s_ ’;zt to Buoy D f rom the  d r e d g i ng . P s _ s _ c i t  barge dumped

it : :  m a t e r -  is _ s _ i when a dj a c e n t  to the  s a m p l i n g  s h ip .  When t he

first barge Wa:; empty, the second one was moved into place

s _ n i h i t ’- p r o ced u r e  repeated. The barges were e i t h e r  up c u rr e n t

n -o ur the sampling vessel or’ parallel to it in the current -
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‘ I i i , ’ t lut e  b e t w s _ ’ s_ ’ n i  t i m e two  Junnps v - m t - i -i frs_ ’m 5 t o  10
n i t L i l l i t  i ’S . L s _ t~l m i ’ s _ t ’ ,’e ~l ni n n t I )  t o oP  I t o  2 ml r o u t e : ; . ‘l’he b,ui ~ ’ i ’

v s_ i :~ \‘ c ’- -v c l ’ ::, ’ .i  fls _ l 5’ C : ; ,  t t i c ; ;  I s_i - uc h  i n , ’, L lie :: - m nup ii n ”  y e s : :, ’
s_ H ~~

‘ u s  i s ’. t ic s_ lump s - ‘l i i  o s _ l i : :  t - s _ i  i s _ c 1’~ 
- t Wc c i i  L i m e  I s m u  ge  a i l s _ I

P 1 ’ -  ~ ; 
- cs _ I to I - m U’ w i  C t ’  : - ~~t t ~~;’ i t ’s - l a m ’  i t , ’. t h e  s_ l u m p s  - i i  b e t  w~~-~ -

t i m e  I’, mt’ ‘c ’ s _ i  ni t i , ’ s_ ” t h -  m- non i t  o n ’  i i i , ’, eq u i pnne nt vat” i ed P s _ I  w - - a

11’ sad 100 I o ct  -

i i i  i ’ t s_ ’S m e t s  ii  r’e nne r u t s  ~ e i”o nt,ide s_ it y, m ’yi i i i ’, s _ I c ’ ’  I L i : :

i n s  is’ W a t e r ’  c o i  unn m n - ‘i i i ’  1, - 4 10 :150w:: ~ ~‘1’~ ~i le  os t hu ,

o u ;  S e t ;  t o ,  i t  O t t ’ ’ y P se ye u - _ c  1 lmo;im ’ :: 1’,- for”e t he I i t ’ : : t , i i  s po t :  m l
o~~” c ’ m’s t L , ’ i  - I ‘ t ’onn : 1 ; ; ’ ’  - ce t O 01 1 s _ ’ meter ot ’ 0 o t t lie b s_ ’ t t our ;  t h e

s_ ’ ;ms _ -renr s pes_ - s_ l \‘ , s _ i ’  I s_ al ‘our U - 25  I o 0 - 17 P s_ ’ f l t  / :50 , ’ - The I - u : :  t o n ”
s_ ” u i n ’ m ’ s_ ’ ; u t o  i- u-c  ! ,~ ; u i s _ I  s_ m t  mid— s _ Is _- p t ;i , t ’etwe s_’n 23 s _ m d  4 3  m e ter ’s

t h i i ’ : t s _ ’Ws_ ” t ,  - ‘ - u t ’ t ’ ~ ’n 1: 1 55’5’ s_ ” t ” i i s t s _ l  in the upper and I ow”
l i i  i t - I :  the w. u s_ ’ s _ s _~ i us _ nrc - t l i s _~ na’s_ i:-; i o ’ e s _j  s _ l i  ‘ s_ ’C t i o n  01 the

c u s _ ’ r ’ e n t t  w i s 1 p m  i t , ’ v s _ s i m P l e  - ‘I’ !;t-oug hu s _ ’ut t i to  w , m t e n ’  Co t u n u s i  i t

n’, ’,I - s_ sn 50 ”) I ~‘4 1’ ” - l i t  I he i i  pi’,’ u’ i s al f s_ ) f t he  wa I s_ ’r
c s_ ’I  : ; n i ; ;  I l i e  ‘ m I s c  W I S  c o t ” t o  12H” - J u t  t u e  lowei’ h al f  i t  W as

0 r ” t s_ ) 2 8 0 ” '  - ‘L ’ , mI ’  [i ” 1411 :5150w:; c l i  s _ ’ n ” e n i  t s _ I l  sect 1011 r’~~m s _ l i 
~~~

ov ”u- I jun e i t  . u  c s _ s m : : t  a nt  30 in s_ l e s t  ii . The d i m ’ s_ a t  ~oui was quite

v . m r i , u i ’  i i,’ , t - , s _ : i  ~~f l i ’, I t o u t i~ 1’ ” t s_~ 11’ 0” -

1’): s _ i  - I i f ,  I Lu ’ - ci i 5 0:: , I 0 ps _” s ’ at  i s _ u t  t h e  current ni t ’- t o t ’

w i . - m~s_ u t  s _ l i  n ed i t  00 n s _ ’ s_ ’ l ’ :; - ‘l’lie s_ l i r ’ s_ ’ s_ -t  ion of tile cU i ’ r ef l t

, l u u  i -  h i t ’, I h i s  I ’ ’  n ’ i  Oi l  o n c e  u- ~m 1 lv r a l m g s _ ’s_ l I r ’ o n n m  2 8 5  to ‘ l i D ”' C s _ i t s _ i  II ,  10

- - ‘n i t  is _ li ’- I - - cl ’ 1 v ;l t “ a s _ I  i ’ s  t H i n  t i le  c i t  i’r’en t s _ it 30 m e t er - : ;  - - i - i - i s _-
current ops _ ’ s_ ’(j ‘ s _ 5 1 5 c ” s _ i  I t’onn 0 . 1 to  0 . 5 c m /s e c .

The c I nnn ~ m t i c  s_ ’ O l i s _ I  1 1 s_ ~u i : :  s _ I n n ’  n t i c  t lie L i i  o I I B ,

s _ l i  S ~)05- 1 0P0 O , u I  i O il V.  I t  - e s _ I  - i n s  i i - m 1 1 y 1 l i e  ::~~ v w i t s  s_ ” \ ’ s_ ’ ‘ , ‘ , t s l  is’ [ I i i

l i g h t  i~ s _ i  i n  , i s i s _ I  ~-‘e n- v l i gh t  w i n s _ I : ;  - Pus i n g  t h s _ ’ s_S ty I lie wilt s_ I : ;

cm’eW s _ i l l t e  h e a vy , gic :; t i s _ i c  I s_ ’ 311 mp h - The :5,510 [‘os_ ’snue l u s _ ’ - c \ - ’\-

w it h wit it e caps - Ti;, a’ , ’ w a - c ’ i l l  t o  rm i t  I out  he i vy  sh ow, ’ u’s
du r’ i in’, I lie ~l,iv - ‘th e tempe ratiun ’’’ \~ , ms  s_ lp p m ’ox im cu t civ i~ P ” s_ ” -
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Table 4 10 -

Px ’e— li isposa l  Current  P ro f i l e  at Buoy P in E l l i o t t  Bay
February 17 , 1976

Tim,’ Depth P i t — c c  t i s _ u i  S1’ cs _ s _ l
(hr : ir i l r i  ~ec)  (ni ) ( 0  m a g n e t i c )  ( c u t s _ I  5 c c )

2 : 5 1 : 0 0  3 2 0

S 5 0 - 2 7 0  0 . 1
13 3 1 0 — 3 2 5  0 . 1 2

‘H 5 7 : 3 0  13 80 0 .10
2 :5 8 :0 0  18 2 t 4 5 _ 2 6 0  0 .10

10 : 0 0 : 00  2 , S 2 7 5 — 2 8 0  0 . 1 7 5  
4

1 0 : 02 : 0 0 28 1 0 — 2 5  0 .15
1 0 : 0 3 : 0 0  33 3 5 0 — 2 5  0 .10
1 0 : 0 5 : 0 0  38  3 5 0 — 3 5  0 .15
1 0 : 0 6 : 0 0  43 80-90  0 .11
12 : 11 7:3 2  148 3 1 / U — l U  O .,I s_ )

1 0 : 0 8 : 1 5  53 3 2 5 — 3 5 0  0 .11 0
10 : 0 9 : 1 5  53 r40~ 5S 0 0 7 5

1 0 : 1 0 : 0 0  58 3 10— 315 0~~35

10:11:30 61 (1 s_n off t ” o t t o m ) O S O — 3 0 0  0 . 0 0 — 0 . 13

tica1 rg,~~b rt ne:;

Changes  in t u r b i d i t y  at the  El l i o t t  Bay disposal

s i t e  were m o n i t o u ’ e , l  w i th  a t rar i smissometer .  The data were

collected using a 10 cm l ight  path . Figure 121 presents the

pre—disposa l dat,m collected at the Elliott Bay disposal site

at 9:30 on the s_ldy of the disposal operations. The percent

tran:;mi :;:i ion steadil y decreased with depth throug h the water

c s _ ’lumn . The surt ,tc- e waters had a ~7 percent transmission

while the b o t t o m  waters showed a 2~+ percent transmission .

These values  were  much lower than those found  d u r i n g  disposal .

The data collected at 12:23:20 and 12:27:15

(during d isp s_ ss -:-U) are presented in Figure 12 2 .  The y show

- s _ much higher 1’em” s_ ”~m t  transmission than noted earl icr in  the

ui’ t s_ s _ c e w 1i t i’m ’ ; ;  - Readings were taken at tie pt Is_ s 01 .1 , -5 , s_ ins _I 1’
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l iable  411

L u r n” er i t  Direction at 30 Meters at Buoy D in Elliott Bay

‘Fins P i re c ti o i i~~
( h r : m i n: s e c)  ( 0  m a g n e t i c)

10 :20:1,) 55— 75

1 0 : 1 1 : 0 0  8 0 — 9 5
1 0 : 2 2 : 0 0  3 0 0 — 3 1 5

1 0 : 2 2 : 1 5  9 0 — 9 5
1 3 : 2 3 : 1 4 5  3 10-315
1 0 :2 14 : 1 5  315
1 0 : 2 4 : 1 4 5  2 7 0 — 3 1 5

10:27:45 5— 315

1 0 : 2 8 : 1 4 5  80

1 0 : 2 9 : 1 5  315
1 0 :2 3 : 3 0  60

1 0 : 3 0 : 3 0  360

*Speed was  0 . 0 7 5 — 0 . 1 cm/sec .

m e t e r s .  The data  showed l i t t l e  f l u c t u a t i o n  at 3 m e t e r s

f i v e  m i n u t e s  a f t e r  the dump .

Data were collected w i t h  t,wo transmissometers
during Elliott Bay Dumps Nos 1 and 2. During the first

operation , transmission at depths of 5 and 60 meters (bottom)

was monitored. The data collected at 5 meters are presented

in Figure 123. The general trend was for a decrease in

transmission to come just after disposal , followed by a re-

turn to ambient conditions . This generally occurred except

that between 15:10 and 15:20 , the transmission was apparently

much lower. This is l ike ly  due to a t u rb id  su r face  water

cloud a r i s ing  from sed imen t s  which  washed out of the barge

a f t e r  it left the disposal area.
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The da ta  co l l ec ted  d u r i n g  the  f i r s t  d isposal  o’s_ ’n’a-

ti cc n at a depth of 60 mete rs  are p r e sen t ed  in Fi gure 1214 .

Th e r e a d i ng s  de c r e a s e d  sharp ly ius t after disposal . Wi th in  a
t e n — m i n u t e  per iod , t h e  pe rcen t  t r a n s m i s s i o n  r e t u r n e d  to the

p r e — d i s po sa l  l evels . D u r i n g  t h a t  t e n — m i n u t e  period , h o w e v e r ,

the  per-cent t r a n s m i s s i o n  decr eased  to zero upon t 1rn” ee  sep -ir ’ ,tte
,‘h s e r ’y a t i s _ ’rss . T r a n s m i s s i o n  at 60 me te r s  d id  not show the

s_ l e e r - e a s e  30 m i n u t e s  a f t e r  d i s p o s a l  t h a t  was seen at 5 m e t e r ’ s  -

‘Thi s di t f e re n c e  i n d i c a t e s  t h a t  the cause  f or  d ec u ’ e a s~~ percent

t r an s m i s s i o n  was loca l i z e d  in t h e  upper  w a t e r s .
Data  were  co l l ec t ed  dur ing  the  second d i s p o s a l

o - e u ’a t i-on at  dep ths  of  30 and iiO nn e t e rs  - Fi gures  l2~
isi s _ I 12o presen t  t h e s e  da ta  At 30 m e t e r s  a sma l l e r  decrease

t h a n  t h a t  seen e a r l ie r ’  was noted  app r oximat e1~’ 10 m in u t e s

a f t e r ’  d i sp o s a l .  The r e a d i n g s  r e t u r n e d  to  the  p r e -d i sposal

l e v e l s  w i t h i n  20 m i nu t e s  o f  d i sposa l  - The p lot of  t h e  da t a

collected from a dep th o t ’ 00 meter s  shows e x t r e m e  v a r ’ i ab i l it ~ ’

a f t e r  d i s p os~m 1 . The e f f e c t s  of t h e  d i sposa l  were sees ;  more

u i c P l v  at t h i s  ,Iet ’th than at 30 m e t e r s  - There  was not  t h e

s_pu ck r e t u r n  to p r e— d i s p o s a l  c o n d i t ion  seen at 30 m e t e s - o s
i n s t e ad  t h e  svs  tern e x h i b i t e d  large f l u c t u a t i o n s  in v a l u es .

The cons _ L it on at the bottom appeared to  s t a b i l i z e  by 50

m i n u t e s  ‘ s _ f t e r -  d i s p s _ ’s,i l .
The d i s pos a l  ope ra t i ons  caused d e t e c t a b l e  c h a n ces

in  the t u n ’ l ’~~s _ I L t v  of  t h e  w at t ’r coiunnn - In most  c a se s , wi th i n

60 m i n u t e s  or less (a r e lat i v e l y  short  period of t ime ) the

t u r b i d i ty  con d i t i o n s  a d j a c e n t  to the disposal  s i t e  r e t u r n e d

to the  pre— s_ l i s p o s s _ i l l e v e l s  -

In S i t u  M e a s u r e m e n t s

‘i’he wa t e r  column was measured fo r  P .  C and te rn—

per’a t u r e  a t  5 m e t e r  i n t er v a l s  to a dep th  of 60 m e t e r s ,

whic : i  was 1 to 2 m ete r ’ s  o f f  the bottom . The f i r” s t  s_ I i s p o o a l

o p e r a t i o n  took p l a c t ” at 11: 4 c ~ on t ’e hr u a r ’v  17. C i r c u m s t an c e s

(loss of a n c h o r age)  I-~” e v e s -s _ t e d  the t ak i ng  of s s _ i u r : p i e s  du r i n g

88 1
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the  a ct u a l  d i sposa l , so w m i y  p r e —  and p o s t — d i s p o s a l  da t a

are a v a i l a b l e .  The p t ”e -d i sp o sd l  da ta  ( T a b l e  4 1 2 )  w e r e

t aken  t’r-oni Ii: 25 to 11 : 4 3 .  ‘l’he t emp era~ ur” e ranged  I r ’ur:;
7 . 0 °C n ear” t he  s ur - t a c e  to  0 . 5 °C at 60 m e t e r s .  D i s so lved

oxygen  concenti ’ ,it i o n - i s  r anged  from 14.4 m g /i  nea t  t h e  su r:  ace
to 9 .8  t r i g / i  at 60 m et e r s .  Fi gure  127 shows the  P . O .  p~

’-o—

f i l e s  ct  t he  w a t e r -  column b e f o r e  and a f t e r  d i sp o s a l .  ‘l’lier’e

was s_i sm,i l l  i r m o r s _ - a s e  in t e m p e r a t u r e  and decrease  in P . O .
‘l’t ie t e m p er a t u r e  ranged f rom 8 . 0  to  8 . 5 °C , and the D . 0 .
ranged fcc;:; 10.14 to 9 . 7  n1’, / l .  The decrease  in D . 0 .w a s less

than  1. 0 mg / i  t h r o u g h o u t  the  wate r  column , e x c e p t  for ’  t he

top 5 meter ’s. The reason for  the  marked  d i f f e r e n c e  in P_ o .

ils t he  s a r I s _ i c e  wa te r s  is u n c e r t a i n  because  P . O .  was riot

m o n i t o r e d  d u r i n g  d isposa l  -
Px”e- and p o s t - d i s p o s a l  w a t et -  column p r o f i l e  d a t a

fo r  the f i r s t  d i sposa l  operation (E l l i o t t  Bay Pump No.  1) are

p re sen t ed  in Table 1413.  Fc c— d i s p o s a l  measurement  was corn-

menced at 14:00. ‘i’he temperature ranged f r o m  8 . 0  to 8 . 5 °C ,

wh i l e  D . 0 .  ranged f rom 10.7  m g / l  at the  s u r f a c e  to 9 . 2  mg / i

at 60 m e t e r s .  The p o s t — d i s p o s a l  p r o f i l e  ( 1 5 : 2 0)  showed the

Sdr fle t e m p e r a t u r e  r a n g e .  Disso lved  oxygen , however’, ranged

t rots 9 . 3  to 8 . 7  mg / i , decreases of 1., 4 and 0 . 5  m g/ l  f rom

cor responding  p r ” e— s_ l i s p o s a l  v a l u e s .  Fi gure  128 is a p l o t  of

the  pci ’ — and p o s t — d i s p o s a l  D . O .  r e a d i n g .  The D . O .  was rela-

t i v e l y  u n i f o r m l y  decreased by 0 . 5  m g / i , e x c e p t  a t  the  s u r f a c e

whet - c  t he  decrease was 1.4 m g / l .

Tempera tu r e  and D . O  were c o n t i n u o u s l y  m o n i t o r e d
s _ i t  a dep th  of 60 me te r s .  Table 414 shows t ha t  the  t e m p e r a t u r e

remained at 8 . 0°C. Howeve r ” , ther e  were f l u c t u a t i o n s  in D.O.

conci -n i t r a t i o n s  (i : ior ’e  cledriy seers in F igu re  1 2 9) .  N e v e r ’ t u i e —

less , these  changes  were  very  small , 0 . 1  and 0.2 mg/l O 2~~

P o s t — d i s p o s a l  P . 0 .  c i m a n p ’ e s  were so sli g ht t h a t  one s_ ’ s _ i r i n i o t

attribute them to  the  dislio : : s _ s _ l .
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Table 4 12

Pre- and Post-Disposal Water Column luleasurements:

Eiliot l  Bay Unni c’Initorecl * Disposa l  Op er~m t i ’on i

Time Depth Temp D . O .
(h r : m i n)  (m )  ( °C) (mg / l )

1 1 : 2 5 : 0 0  5 7 . 0  14 .4

1 1 : 3 0 : 0 0  10 8 . 0  11. 14

11 : 3 2 : 0 0  15 8 . 0  11.1

11:314:00 20 8.0 10.8

11: 35:00 25 8 0  10.5

11:36:00 30 8.0 10.4

11:37:00 35 8.0 10. 14

11: 37:00 40 8.0 10.3

11:39:00 45 8.0 10.1

1 1 :4 1:0 0  50 8 . 5  10 .2

11 :42:00 55 8.5 10.0

1 1: 43 : 0 0  60 8 . 5  9 . 8

Unmonitoi”ed . Dump Occurred

1 3 : 1 5 : 0 0  1 8 . 0  1 0 .4

13 :17:00 5 8.5 10.2

13:18:00 10 8.0 10.4

13:19:00 15 8.0 10.14

13 : i ’ 3 : ,50 20  8 . 0  1 0 .2
l 3 : , ’ O : O O  25 8 . 0  1 0 . 2

l3: .’l :OO 30 tt .0 10.1

1 3 :2 1 : 3 0  35 0 . 0  1 0 . 0

13: 2 : 0 0  140 8 . 0  9 . 9
‘ 13 : , ” 2 : 0 0  4 5  8 . 0  9 . 9

1 3 : , ’ 3 : 0 0  50  8 . 5  9 8

13 : 1 4 : 0 0  55 8 . 5  9 . 8

sO 8.5 9.7

- r ’c ; i ; ; ; , : 1 5 1  -
‘ - p -  - - i t s ,” , I : ; - m l ; ;  - : - ‘, I ’  ‘ 1  1 1 t ‘ ‘in be ~~~ 1’- ~~t ’ t’ Si ’ i t

s_ Rni’ i l l  ~‘, - m ’ t  U - m I d I s~”o s - i  I os ‘or  - / s_ - t i  -
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Table 1413

Pre— and Post—Disposal Water - Column Measrut-err ients:

El l io t t  Bay Dump No. 1

Time Depth  Temp D . 0 .  S al i nit y
(hr.min) (m) (°C) (mg/I) (°/0;1 )

1 4:0 6  1 8 . 0  10 .7  2 3 . 0

5 8.0 10.0 25.5

10 8 . 0  10.0  2 5 . 5
15 8.0 9.8 25.5

20 8.0 9.8 2 5 5

25 8 . 0  9 . 7  2 5 . 7
30 8.0 9.6 25.8

35 8.0 9 6  25.9

40 8.0 9.4 26.0 1’

4 3  8 . 0  9 . 3  26.0

45 8 0  9.5 —

50 8.5 9~~ I~ —

55 8.5 9 . 3  —

60 8.0 9.2 —

14 : ~
- — b u m p  -2c ’cint ’r ’e s_ I

1 5 : 2 0  1 8 . 5  9 . 3  —

5 8.5 9.2 —

10 8 . 5  9 . 2  —

15 8.5 9.2 —

2 0  8 5  9 . 3  —

25  8 . 5  9 . 2  —

30 8.5 9.2 —

35 8.5 9.1 —

40 8.5 0.0 —

F 145 8.5 8.9 —

50 8.0 8.8 —

55 8 . 0  8. 7 —

00 8 . 0  9 .7  —

P - m 1 4 :  ( — )  I n t  c a t  ‘ - ;  - t  t i t  nis _ ’t -iv i i t  1-1  ~-
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Table 1414

Changes in Dissolved Oxygen and Temperature at 60 Mete r s :

Elliott Bay Dump No. 1

Time Temp D.O. Time Temp D.O.
(hr:min : (°C) (mg/l) (hr :min : (°C) (mg/i)
sec) sec)

114:28:00 8.0 9.2 114:42:00 8.0 8.9

14 : 2 9 : 0 0  8 .0  9 . 0  1 1 4 : 1 4 2 : 3 0  8 . 0  8 . 9

1 1 4: 3 1 : 0 0  8 . 0  9.1 1 1 4 :4 3 : 0 0  8 . 0  8 . 9

14 : 3 2 : 0 0  8 . 0  9 .1 1 1 4 :4 3 : 3 0  8 . 0  8 . 9

14:33:00 8.0 9.1 114:414:00 8.0 8.9

14 : 3 4 : 0 0  8 . 0  9 .1 1 1 4 : 1 4 4 : 3 0  8 . 0  8 . 9

14 : 3 5 : 0 0  8 . 0  9 .1 1 1 4 : 1 4 5 : 0 0  8 . 0  8 . 9

14:36:00 8 . 0  9.1 14 : 4 6 : 0 0  8 .0  8 . 9

14 : 3 6 : 3 0  - Dump No. lA
1 4 : 3 7 : 0 0  8 . 0  9 . 1  14 : 4 7 : 0 0  8 . 0  8 . 9

14 : 3 7 : 3 0  8 . 0  8 . 9  14 : 4 8 : 0 0  8 .0  8 . 9

1 4 : 3 8 : 0 0  8 . 0  8 . 9  1 1 4 : 4 9 : 0 0  8 . 0  8 . 9

1 1 4: 3 8 : 3 0  8 . 0  9 . 0  14 : 5 0 :0 0  8 . 0  8 . 9

14:39:00 8.0 9.0 14 :51:00 8 .0 8.9

14 : 3 9 : 3 0  - Dump No.  lB
14 :39:30 8.0 8.9 14 :55:00 8.0 8.7

1 1 4 :4 0 : 0 0  8 . 0  9 . 0  1 5 : 0 0 : 0 0  8 . 0  8 . 8

14:40:30 8.0 8.9 15:10:00 8.0 8.7

14:41:30 8.0 9.0
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Pre- and pos t—disposa l  data for  E l l i o t t  Bay Dump
No. 2 are presented in Table 415. At 16:50 , a pre—dump
profile showed a temperature of 8.0°C from top to bottom.

Dissolved oxygen ranged from 10.2 mg/i at the surface to

9.0 mg/i at the bottom. The post—disposal profile (17:30)

showed a temperature range from 8.0 to 8.5°C. The D.C.

range (9.2 to 8.8 mg/i) was definitely lower than the pre—

disposal range. Figure 130 presents the profiles of D.C.

data .  The post-disposal  plot shows a slight (approximate ly

1.0 to 0.2 mg/i) decrease in oxygen concen t r a t i on .  Consider-

ing the high initial D.0. levels , the decrease is not sig-

ni gicant to water q u a l i t y. Figure  131 presents  changes in

D .C .  at 60 meters  dur ing El l io t t  Bay Dump No.  2 .  From the

data presented , no lasting effect of disposal operations can

be detected.

Heavy Metals

Results of heavy metal analyses for samples taken

throughout the disposal operation sampling period are listed

in Table 416. Background data taken just prior to disposal

showed no obvious trends in soluble metal concentrations

with respect to depth. Iron levels were usually higher at

60 m than at 1 and 30 m. Pre.-disposal manganese concentra-

t ions were consistently below 100 ~ig/l. The cadmium arid

copper concentrations , which varied little , were never” above

4 it g / 1;  n icke l  and lead concentrations were consistently

below 7 pg / l .  Zinc levels fluctuated somewhat , rang ing from
2.9 to 12.9 14g/l. Mercury levels were below detection limits

( 0 . 0 0 5  p g / l )  for  most samples , a l t h o u g h  concentrations as

h i g h  as 0.04 ~ig/l were found.

The first dump (lA) occurred at 14 :36:30 and the

second dump (1B) occurred at 14:39:30. Oarnn p les c o l l e c ted

dur ing  t h i s  d i sposa l  ope ra t ion  (E l l i o t t  Bay Pumps 1A and lB )

showed no changes  in the  concen t r a t i ons  ot  c hr o m l um , c a d m i u m ,

n i c k e l , lead , copper , and ar se n i c .  S o l ub l e  ir on  i n c r - 5 - - ssed
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Table 415

P r o —  tris _ : ‘o~~ — n ~~~~~~~~~~ W~~~or - ~‘oU~r s ir r  ~~- - is u r ’ t’m e n t s

t I  I i s _~s t t  Pay bIll ;; - -‘ - 2

Dc th  Pr e — D i s ~~os~~l ( 1 6 : 5 0)  P o s t - bi s~~os,i i 0 7 : 3 0 )

( ~enip P . O .  ‘letup ’ h . P .
m 

(°C) (mg/i) ( ° C)  (rug /i )

1 8.0 10.2 8.0 9.1

5 8.0 9 9  8.5 9 0

10 8.0 9.8 8.5 9.?

15 8 . 0  9 . 6  8 . 5  - 9 . ?

20 8 . 0  9 . 6  8 . 5  9 . 1

25 8 . 0  9 . 5  8 . 8  9 . 0

30 8.0 9.5 8.5 8.9

35 8.0 9.4 8.0 8.9

4 0  8 . 0  9 . 3  8 . 5  8 . 9
145 8.0 9. 3 8.0 8.8

50 8 . 0  9 1  8 . 0  8 . 8
55 8.0 9.2 8.5 8.8

00 8.0 9.0 8.0 8.8

as a resul t  of d i sposa l ;  concent ra t ions  as hi gh as 32$ pg/i

were observed at 1 meter and as high as 438 and Oil pg/l at

30 and 60 meters , respectively. The release of manganese

was also indicated , with concentrations in the water colum n
increasing 20 to 40 pg/i (to near 100 pg/i). As with iron ,

the manganese release was more pronounced at the lower  d e p t h s .

Concentrations of soluble iron and manganese re-

turned to pre-disposal levels w i t h i n  m i n u t e s  of Dumps 1A and

lB. Higher levels did not persist in the sampling area for

9 - l i

~~~~~~~~ _ _  
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Over  seven m i n u t e s , a l t h o u g h  about  e igh t  minu te s af ter the
dumps there was a s l ight  increase  (to  0 .0 5 5  pg/i) in soluble
mercu ry  at 30 and 60 meters. Elevated mercury concentrations

dissi pated a f t er  about 30 m i n u t es .

Ellio tt Bay Dumps Nos. 2A and 2B occurred at
li~:37:5S and 16:50:20 , respectively. No changes in the con-

cen tra tions of cadm ium , chromium , nicke l , lead , copper , mer-
c ury , and arsenic  were ob served f or the samp les co l l ec ted

d u r i n g  these d isposal  o p e r a t i o n s .  ~1nl y f ive  samples at
var ious  depths  showed concen tra t ions of these meta ls  tha t
were above the pre-disposal levels. Manganese release was

more pronounced in these  dumps than in Dumps 1A and 1B; con-

cen tra t ions  increased at all th ree dep ths , wi th the maximu m
139 pg/i. Both manganese and iron levels returned to pre—

disposal concentrations by seven minutes after disposal ceased.

The delayed release of mercu ry  observed in the

samples  from the  f i r s t  disposal  opera t ion  was a lso de tec ted
fo r  t h e  SeccIn d  LI is t 1o ;,i 1 . C o n c cn  t r u  1ofl~ a~ hi gh 4,14) 0 - -~ 35

W erI 1 ohs~~ ’veJ in  t h e  h O  rn samp les co l l ec ted  ab ou t  ~
m i n u te s  i~~ t or  F~u:~p ~o . 213 . The ele\ ’1lt ed m er C U ry  le V t ’IIS p et ’ —
Si . ;  t od t O t ’  Ot t  Iv  lii’ce i n inu  t C S

The 14 5 h~~u 0 c of l t  m U CU S fl lOn it ot ’i [’14 ’ lfl C U U f l t 8C —

t ion w i t h  t he  two 1 I i  o t t ’ P11v 1st~osa l operat  ions a l l  owed
a t 1 : 4 ’ ~‘c ’u , ’, n exdm ill1t t i on ~ ~ t h e  i c  su l  t a n t  change s in h e a vy  m e t a l
c o n 1 . e  nt  rat  ions  in  t h e  w,i t e t ’  c o l u m n  . I n cr e a s es  in  so 1 uh ie
m 1 . I n C , 1 n ’ Sc , i t o r t  and m er c u l l ’ \ -  ( 1 . Ie l .1 \ - e1 .1 )  w e re  oh~~ei ’ved in h ot  h
d is po sa l  opera t i O n :  . I n c r ea s es  in 1110111 and mer cury  1 1 1 4
t’ I, ’ .141j 1V 1ip p 1 i t ’ t ’f lt  fr om the  da t a  in Table 4 ‘~ ~ The manganese
i n c re a se s  , n o t  ~ u i te 115 dr 1im 1i t ic • a i’e more c l e ar ly  d i s c e r n e d

in r i C U ! l 4, 1~~ 1 3 2  t h r o u g h  13~~.

•‘y; h ,t s  been  seen • e lu t  n a t  e t e s t s  on dredged
P4IV C ’1lmish R i v e t ’  s e d i m e n t s  ( 111141 w a t e r  p r ed i c t ed  the  o h sc r v e d  t ’e—
l I ’ ,ISe of man ganese  and 1T’oll , II, ’ wel l  as the  observed serpt  ion
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0. ~~~~~~~~ .h.. ’1’ dL d tI .J~~ , - ‘ :8” ’ ’ ’ ’ - r  bow t R  r ; or ’c u r y  r ’( ’ l e a s C -  seen
f r 1 .tn t : e  s . t r : ; i  h .s ~~~11wct ed  5it - h g l i t  ~;. 1l d i spo ; ;4 i I  of  Duwamish

~~~~ ±~i’ ±:~~~
“ , - ; . - , L t s  01 L ! v ! ; - : : : n  a r d  ru ’ r . te  or U l yses  of t he

S i m ’ i ’ ,i;; ‘ollec r02 1€. f - r e  , do - ’ h~ ’ nd af t e r ’  d isposal
I t ) : ’.- : ~:-o ~ . : FiO~ to di5~)SSdl , amrnoniuin concen—

1 ’ t I S  •,‘i’ ’ C  ~ .Ii ,, ,: 0 . 0 5  5 )~ N/ i ,  at ~l1 tino s .~nd dep th s .
h i ’  c o r e - ’ - : ; ’ r a t  Lois , h-~-:-o e,’ C - r - , WC- :’ 4 1  e:’: r.-’;;el y v - ri .-ibl e

0 . 31 ‘ o 3~~5 ’  r : ’  N / i  at th e  h~~~e depths monitored .

‘0 : ~~~~.i ’  v: h IC’ pa r, : e v i l  w~ th r ’ sp ect  t~ .Je~~th could be observed .

hI 1 iott bc’,’ . i ,niT~ No . l .~\ did  n o t  a f f e c t  ammonium

~~~~~~~~~~~~~~ a lt li-j ci’ h fl~~ f r - ( t C  c o n c e n t i - It ions increased  in
‘he ‘ -n ‘,-; t e v f r  15 S O C i CI n IS  -: t e r  the  dum p . Fol lowing
L l li ot t Ho, burp No . lB . arnrnonium W , i S  r e leased  in the  b o t t o m
v -it er , hut nit r’ - te decreased . However , t he  c o n c e n t r a t i o n s
o both returned to pre--tisposal levels within one minute of
1 0 j : (c ro’cg e .

I ‘ ;ric ;~ the ne.ar~1- ,’ t w-C -~iour period between the first

1 se~ -.a, I 1rn - .~ , arnmcr;:cnr co;;ser:trat ions in the bottom water

oLc ,1s :- . ri1 ~ lV x’ sse .-ih-ov0 0 .05 mi Ni l . N i t r a t e  c o n c e n t r a t i o n s

du r l r’ 4’. t’ hL; v~ iod r~in,~cd between 0 .33 and 0 .~~9 mg N/i .

.‘:ithi n one mir ;’.ite of Elliott Bay Dump flO . 2A
arpjnonium i nc reased  a:d nitrate decreased in the bottom water.

From Table ~ l? it appears that the bottom turbid plume

t~~uk more t h C n  30 seconds to reac h the  samp ling po in t . A
si g n i f i c a n t ly h i gh ammon ium concent ra t ion was observed in the
s;i:’face water immediatel y following Dump No . 2B , and nitrate

was again found to decrease . However , concentrations of both

shortl y returned to ambient levels.

The only ammonium concentrations higher than 0.05

mg N / l  in the post-disposal water samples were in two bottom

W-:i t Cr samp les. Nitrate concentrations during this period

ranged between 0.23 and 0 .l4~4 mg Nil ; there was no observable

pattern with respect to depth .
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Table 417
Arnmonium and Nitrate Concentr~ tions: Elliott Bay Disposal

Operations, Material Dredged from Duwamish River

Time Depth Arnmoniur~t Nitrate

(h r : m i n : s e c) (m )  (mg N/i) (mg N/i)

13:07:30 1 < 0.05 0.36

13:08:00 30 <0.05 0.34

1 3 : 0 8 : 3 0  60 < 0. 05 0.41

13:54:00 1 < 0.05 0.49

13:55:00 30 < 0.05 0.37

13:55:50 60 < 0.05 0.31

14:06:00 1 <0.05 0.36

14:07:00 30 < 0.05 0.39

14:07:45 60 < 0.05 0.37

14:20:30 1 < 0.05 0.37

14:21:03 30 <0.05 0.37

14:21:30 60 < 0.05 0.3~4

14:25:00 1 < 0.05 0.35

14:25:30 30 < 0.05 0.40

1 4 : 2 5 : 5 0  60 < 0.05 0.48

14:30:00 1 < 0.05 0.38

15:30:30 30 <0 .05 0.39

14:31:00 60 <0.05 0.35

14:34:30 1 <0 .05 0.40

14:35:00 30 < 0.05 0.35

14:35:15 60 <0.05 Q~~3l4

114:36:00 1 < 0.05 0.149

14:36:30 30 <0.05 0.141

14:36 :30 - Dump No. lA occurred .

14:36 :145 60 < 0.05 0.64

14:37:15 1 < 0.05 0.48

(Continued)
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Table 41’! (Con t inued)

Time iiepth Amnt~ it I wi’ Nit t a t e
(hr:min :sec) (m) 

_____ 
(n,~1N /1 ) - -  - 

( ins N / I )

14 :37 :30 30 0 .  0 . 38

l 4 : 3 7 :~4 L. 60 ~ t1 . O b

14 :38 :15 1 -. 0 . 1)5 Li . .4 8

14 : 38 : 31) 30 ~ ii . 1)5 ii . 314

1 4 : 3 8 : 4 5  60 0 .L)5 Li . 3

14- : ,4 9  : 30  1 Li . 0 1’ 1)

114 : 39 : 3t) — 111t1t nj~ No . I 14 OCOUI I’(’(I

14 : 39 : 4 5 3 1) .. 1) . il l’ I,) . 3

1 4:140:00 61) Li . I ’ ?  L i . .
‘ (I

14 :4 0  : 15 1 1) . 01’ Li . 3

1 4 : 40 : (4 0 30 ii . 1) 1’ ~1 . 3

~ :00 60 ~. 0 .0 1 ’  Li . 31 ’

1~i : 4 1 : 1 S  I ~~0.0I’ L~ . ) , ’

114 :1 41 :31 )  .4 L 1 0 . ~is 0 • 14 (1

1~4 :~4I :
1 4 ,  L II ,) Li . 01’ ~~ 31’

I 1 4 : 1 4 2 : 4 4 ,1 1 ~
, Li . 1 )1’

~ :4 . ’ :14 1, t .0  L i . L ) t L i I~~ 4

111 :143 : 1)0 Il L )  ii . t i I ,  ~t • 14 L )

~ ~4 : (4 .~ : ( 4 5  .4(1  . 4 )  . Li 1’ i t .4

1~4 :14 14 : 1)0 t~ L ) 4 ) . 01 ’ ii . 4 1 ’

1 1 4 H4 1 4 :  15 .4 0  L i .01’ 3 .

I~i :1 4 4 : 1 4 1~ i L )  11 .1 1 1’

1 ( 4 : 14 ~ :0 5  ~ti . 4 1~ 0 1’ 0 . 1 )

HI :~ 4 5  :.‘Li t~ t i L) . L ) ’ 1

1 ) 01’ I t .

1 s t : (4 , : 1 14 , )  1’ u ) 1 ~) . i t . ‘1 ’

1 1 4 : 1 44 , : ‘ Li 4 0  —

4~: ,~ () i i )  ~, 0 . 0 ’ s ~) - 4 ’

1 4 : ~4 - ’ : t ~0 4 0  s (1 .1)1, 4 ) 4 4 1

t i e :~ t ,’ : 1 1 ’  t’3 4) 4 1’ , I

1 ’ 4 :~4 - ’ : • 4 4 ,i 44 ) ~, 1 . 35  it . le I

4 ~4 ( 1 1  I L )  4 ) L1 1’ I t , Ii )

li l t  



‘lab .Le 1 4 4 /  ( Continued)

~J ’i  me 
- - - 

Depth Ammon i urn ‘N i t r a t  t~
( h t ’ : m i n : s c c )  (m )  (mg N / i )  (mg N/I)

1 4 : 1 4 8 : 0 0  60 c O . 0 5  0 . 40
114 :14 8 : 3 ( 1  110 0 . 05 0 .3 9
l ’ 4 : 4 8 : 5 0  30 -~ 0. 05 0 .3 6

1 4 : 4 9 : 0 5  60 ~~0.05 0 . 4 0

1 4 : 50 : 0 0  1 0 . 05 0 .4 9

14 : 5 0 : 3 1 )  31) ~~0 . 0 5

1’4 : 5 0 :4 5 60 •z 11.05 0.36

I ’ 4 : 5 5 : 1 1 0  I ~~0 . 0 5 0 . 3 8
14:55:20 .41) ‘. 0 . 05 0.38

1 4 :b 5 : ’45 60 0 . 07 0 . 3 5

1 5 :0 0 :0 0  1 ‘~ 0. 05 0 . 3 5
l 5 : 0 0 : . ’O 30 0 . 0 5  0 . 3 3
15 : 1) 0 : 140 60 ~. 0 . 0 5  11 .38
15 : 1 4 : 4 5  1 ~. 0.05 0.40

15 :15:15 40 c 0.05 0.42

15 : 15 :3 0  60 ‘, 0.05 0 . 3 4

15:311:00 1 ‘. 0.05 0.39

1 5:3 0 : 1 5  30 ~ 0 . 0 5 0 . 3 6
15 :30:50 61) < 0 . 0 5  0 . 3 4
l5 :S0 :.’O 60 0.05 0.34

16:02 :00 1 c 0 .05 0 .36
16:02:’iS 30 0.05 0.37

16:03:15 60 ~.0 .05 ,~D.36

16:15:30 1 ‘. 0 . 0 5  0 . 3 6
l 6 : 16 :~4 S 30 0 .05 0. 40

~16 : 18 :3 0  60 < 0 . 0 5  0 . 39
16:,40:00 60 ‘ 0.05 0.41

16:35 :4-5 1 0.05 0.49

16:36:15 30 < 0.05 0.46

16:36:~40 60 < 0.05 0.40
1 6 :4 0 : 0 0  1 . 0 . 0 5  0 . 4 4

1 6 : 4 0 : 1 5  30 < 0.05 0.41

(Continued ‘
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Table ~l 17 __(Continued)

‘1’ i n te Depth  Anunon ,ium N i t  rut
( h r : r n i n : s t -~c)  ( m )  ( tug N / i )  (tu g N / I

16 : ’4 0 :~4 0 60 ~~0 . 0 5  0 . 41
1.6 :4(4 :145 I ~. 0 . 01) 0 . 39
iS :~4 5 :1)1) .41) 0 . 05 1) . 43

5 1,) ~~i) .05

i t ;  : ‘ i S : 4 5  1 ~, 
1) . li S 0 .4 2

16 : ‘45 :0 0  .4 0 11 .0 5 0 . 4 5

16 : 14 5 :  .‘ iJ 61) 0 . 1)5 0 . 34

1 6 : ~4 6 : 4 S  1 -. 0 . 0 1~ 0 . 37
1 5 : 14 ‘1 : 0 0  30 0 . 05 0 . 34

1 6 :4 7 : 10  60 -. 0.05 11 . 4 4

1 . 4 3 : 47 :41 )  1 -. 0 . 05

16 : ‘ 4 / : 5 S  ,4 0 0 . 05 1) . ,~ 5

1 43 : 4 ‘1 : 55 — Dump No . .‘A o’,’..’u t ’red .
1.6:48:15 50 c 0 .1)5 0.,44

li’ :’48:30 ,40 0 .1) 5 0 . 14 0
I t ;  : 4 8 : 1 4 5  30 -. 0 . 0 5  Li . 343

It; :149:00 60 0.20 0.
- 

. 
15 :411 :~4S 0. 05 11 .36

16 :50:15 51) 0.08 0 .30

113 :50 :20 — Dump No. 214 OL’cul’r eLI

15 : 5 0 : 3 0  1. 2 .6 4  0 . 2 3
16 : 5 0 :~4 5  60 0 . 05 0 . 3 6
1 6 :5 1 :3 0  1. 0 . 0 5  0 .36
1 6 : 5 1 : 4 5  30 0 . 0 5  0 . 33

1 6 : 52 : 0 5  60 0 . 0 5  0 . 3 6
1 c 0.05 0.’40

16:S.’:50 ,40 ~~0.05 0.33

16:53:10 61) ~~0.05 0.42

16:5 3: ,4 O  1 < 0 . 0 5  0 .4 3

1 6 : 5 3 :4 5  30 s 0 . 0 5  0 .4 4

16 : 54 : 0 0  60 0 . 0 5  0 . 3 9
1 6 : 5 4 :2 5  1 c 0 . 0 5  0 . 4 1
16:5 4 :40 .4 0  < 0 . 0 5  0 . 4 3

(Continued)
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Table 4 1.7 (Concluded)

Time Depth Amnionium Ni trate
(hr:min:sec) (m) (mg N /i) (m~~~N/ 1)

16:55:00 60 < 0 . 05  0 .2 3

16 : 5 5 : 2 0  1 < 0 . 0 5  0 .34

16:55:40 30 ‘. 0 . 0 5  0 . 44

16:56:00 60 0.09 0.42

16:56:15 1 < 0.05 0 . 31.

16:56:30 30 “ 0 .01 ) 0 .34

1 6 : 5 7 : 0 0  60 0 . 0 6  0 . 38

1 6 : 5 7 : 2 0  1 0 . 0 5  0 . 35

1 6 : 5 7 : 3 5  30 0 .05 0 .4 . 4

16 :58 :10  60 -. 0. 05 0 . 4 1

16 :58 :15  1 ‘. 0 . 0 5  14 . 3 , 1

1 6 : 5 8 : 3 0  1 c 0.05 1) . 4 3

16:58:30 30 “0.05

1 7 : 0 0 : 3 0  60 0 . 0 5  0 . 31

1 7 : 0 0 : 3 0  1 ‘. 0 . 0 5  0.29

17:00:30 30 0.05 0 . 33
17:03:00 60 < 0 . 0 5  0 . 3 3
17 :10 :00  1 < 0 . 0 5  (L ,4 l

17 :10 :00  .4 0 0 . 0 5  0 .35
17:10:00 60 ‘. 0.05

17:20:00 1 < 0 . 0 5  (1 . 3. ’
1 7 : 2 0 : 0 0  60 0 . 0 5  11 .3 , 4

1 7 : 2 1 : 0 0  30 11 .05 0 .31

17 :31 :30  1 -. 0. LiS 0 .4 1
17:31:30 30 -. 0 . 05 0 .4 .’

_ _ _ _  -~~~ ~~~~~~~~~~~~~~~~~~~~~~~ -.~ - - - - - -
~~~~~



In  oi ’de r’ 1 o m i n  imi  ze samp le processing time for
or g a nic  N a na ly s i s  Coinposit e disposal oper a t  ion samples were
pr epare d b y mixing equal volume s from two different water
samp les . Every samp l in g depth and every samp l ing period
(i  . e • , be fore , d u r ing and  a ftcu’ disposal) was represented by
at least one compo:; i t o  samp le . To ca l cu l a t e  organic  N con—
c e n t t - ( t  j o i t s  o f  t h e  c o m p o s it e  samp les , i n d i v i d u a l  samp le
ammon ium concentrations below 0 .05 mg N / l  were considered .
In t h e two samp le s wi th the ammon ium conc entr a t ion  hi gher
t h a n  0.05 m~ N i l , ammonium was determined separ’ately in the
composite samp les .

Or’~~u ri i c N data are presented in Table 1418, from
which  i t  can be observed t ha t  organic N c o n c e n t r a t i o n s  were
much h i g h er ’  in t h e  wate r  samp les col lected prior to d i s -
posal t h a n  in t hose  col lec ted d u r i ng  and a f t e r  disposal . Con-
c e n t r a t i o ns in t h e  bo t tom water  we re a l i t t l e  hi gher than
those  ir. the overl y ing w a t e r .  It appears that overall ,
organic  n it r ’c g en  decreased as a result of disposal opera-

tions .

Phosphor us Compounds
The mean soluble  orthophosp hate concentrat ions

d u r i n g  the 14 . 5-hour  moni to r ing  of the  E l l io t t  Bay disposal

ope ra t ions  can be found  in Table 419 . In genera l , it

appeared that the ambient water had similar soluble ortho-

phosp hate conce nt r a t i on s at all three depths  monitored .
Pre-disposal concentrations were generally between 0.085 and

0.097 tug P/i. There appeared to be an increase in concentra-

t ion near the bottom immedia tel y fo l lowing Elliott Bay Dump
No . lA , a f t e r  which the concentrat ion there began to decrease .
This decl ine appears to have con t inued  u n t i l  the second barge

dumped i ts  load ( Dump No.  1B) , at which t ime the concentra-
t ion rose and fluctuated between 0.040 and 0.066 mg P/i .
With in  55 minu tes  of Dump No.  1A , soluble ortho P near the

bottom appears to have returned to~ and s tab i l i zed  at , pre-
disposal l eve l s .

916
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Table 418

Organic Nitrogen Concentrations: Composite Water Samples

Collected During Elliott Bay Disposal Operations

Composites Depth Organic N (mg N/i)
Times -

(hr:min :sec) (m) X SD

Pre-Disposal :

- 
- 

30 0.25 0.08

60 0.29 0.08

Dump No. 1:

1 < 0 .05 0 .06

14:14  30 0 .13 0 . 0 3

60 0 . 20 0 . 0 6

16:15 :30 1 0 07 016 :4 4 :45

16 :3 0 :00 60 0 07 0
16:140:’40 .

Dump No. 2 :

1 0.05 0.03

30 < 0.05

60 0.09 0.03

Post-Disposal :
17:10 :00 30 0.05 0.03

17 (0 
60 0.17 0.03

Mean and standard deviation calculated from duplicate analyses.
~‘Water samples collected at designated times were combined 1:1

b y volume and anal yzed for  organic N .

916
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Table 419
Soluble Orthophosphate Concentrations: Elliott Bay Disposal

Operations Dredged Material from Duwamish River

Time Depth Soluble Ortho P (mg P/i)
(h r :m i n : s e c)  (m )  SD

1 3 : 0 7 : 3 0  1 0 .0 9 4  0
13:08:00 30 0.088 0.001

13:08:30 60 0.062 0.005

13:54:00 1 0.092 0.001

13:55:00 30 0.088 0

13:55:50 60 0.086 0

14:06:00 1 0.097 0.001

14:07:00 30 0.097 0.001

14:07:45 60 0.090 0.001

14 : 2 0 : 3 0  1 0 . 0 9 0  0 . 0 0 2

14:21:00 30 0.104 0.001

14:21:30 60 0.092 0

14:25:00 1 0.096 0

14:25:30 30 0.090 0.002

14 : 2 5 : 5 0  60 0 . 0 9 0  0
14:30:00 1 0.088 0.001

14:30 :30 30 0.096 0

14 :31:00 60 0 . 0 94  0 .001
14:34:30 1 0.088 0

14:35:00 30 0.096 0.001

14:35:15 60 0.091 0

14:36:00 1 0.090 0

14:36:30 30 0.096 0

(Contin t~ed)

917

_~~
_i.

~
___ _ ..~T i T ~~~~

- ,- ’ -~~~2 44



- - - -~~~~~~~~~~~~~~~~
- ‘ - --~- -

~~~~~~~~~

. -

Table 419 (Continued)

Time Depth ~o1uble Ortho P (mg P/i)
(hr :min:sec) (m) X SD

14: 36 :30 - Dump No. 1A occurred .
14:36 :4-5 60 0.12 0

14:37:15 1 0.091 0

14:37:30 30 0.091 0

14:37:45 60 0.092 0

l14:38:1S 1 0.080 0

14:38:30 30 0.088 0.001

14:38:45 60 0.080 0

14:39:30 1 0.082 0

114:39 :30 - Dump No.  lB occurred .
14:39:45 30 0.076 0

14:4-0:00 60 0.028 0

14:40:15 1 0.084 0

14:40:40 30 0.088 0

14:41:00 60 0.059 0

14:41:15 1 0.10 0

14:141:30 30 0.080 0.001

14:41:45 60 0.066 0

14:142:30 1 0.10 0

14:4-2:45 60 0.059 0

1 4 :4 3 : 0 0  30 0 . 0 9 4  0
14 :4 3 :4 5  30 0 . 0 9 0  0
14:44:00 60 0.055 0.002

14:44:15 30 0.094 0.001

14:44:45 60 0.04-2 0.001

14:45:05 30 0.078 0.001

14 :4 5 : 2 0  60 0 .0 3 9  0

(Continued)
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Table 419 (Continued)

Time Depth Soluble Ortho P (mg P/i)
(hr :min:sec) Cm) SD

14:45:40 30 0.078 0.001

1 4 : 4 6 : 0 0  60 0 . 0 4 2  0
114:46:20 30 0.098 0

114 :146:30 60 0.063 0

14:47:00 30 0.069 0

14:147:15 60 0.047 0.001

114:47:30 30 0.075 0

14:148:00 60 0.053 0.001

14:148:30 1 0.078 0.001

14:48:50 30 0.076 0

14:49:05 60 0.042 0

14:50:00 1 0.072 0.001

14:50:30 30 0.078 0.001

14:50:45 60 0.044 0.001

1 4 : 5 5 : 00 1, 0.098 0.002

14:55:20 30 0.079 0

14:55:45 60 0.042 0

15:00:00 1 0.076 0.001

15:00:20 30 0.078 0.001

15:00:40 60 0.051 0

15 :14 :4 5  1 0 . 0 8 2  0
15:15:15 30 0 .0 8 5  0
15:15: 30 60 0.064 0.001

15:30 :00 1 0.096 0.001

15:30:15 30 0 . 0 9 3  0 .001
15:30:50 60 0.088 0

(Continued )
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Table 419 (aontinued)

Time Depth Soluble Ortho P (1n2 P /i)
(hr :min:sec) Cm) 2 SD

15:50:20 60 0.094 0.001

16:02:00 1 0.098 0

16 :02:45 30 0.099 0

16:03:15 60 0.095 0

16:15:30 1 0.080 0.001

16:16:45 30 0.080 0

16:18:30 60 0 .0 8 0  0

16:30:00 60 0.080 0.001

16:35:45 1 0.080 0.001

16:36:15 30 0.084 0.001

1 6 : 3 6 :4 0  60 0 .081  0 . 0 0 1
16:40:00 1 0.083 0

16:40:15 30 0.080 .0.001

1 6 :4 0 :4 0  60 0 . 0 8 9  0 . 0 0 3
16:144:45 1 0.083 0

16:45:00 30 0.082 0.001

16:45:15 60 0.10 0

16:45:45 1 0.084 0.001

l6:14t3:00 30 0.087 0

1 6 :4 6 : 2 0  60 0 . 0 8 3  0
16:146:45 1 0 .0 9 1  0

16:147:00 30 0.043 0

16 :47:10 60 0.082 0.001

16:47:40 1 0.072 0.001

16:47 :55 30 0.087 0.001

16:47:55 - Dump No. 2A occurred.

(C ontinued)
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Table ~~~ (C o n t i n u e d )

Time Depth Soluble Ortho P (tug P/i)
(hr:min:sec) (m) 2 SD

so 0 .oos 0.001

15 : 1.S:30 30 0 . 0 0 7  0 . 0 0 1
0 . 0 7 4  0 . 0 0 2

l 5 : .~~: 0Q SQ 0 . 0 .~8 0
15:~. 0 : 1 4 5  1 0 . 0 7 5  0
16 : 5 0 : 1 5  50 0 . 0 3 0  0

: 5 2 : 2 2 — i~um~ N o . 28 o~
-
~ ’u~~r’ej

1 4 3 : 5 0 : 3 0  1 0 . 0 2 0  0
1 1 3 : 5 0 : 1 4 5  50 0 . 0 4 1  0
1 1 3 : 5 1 : 3 0  1 0 . 0 7 1  0
1 1 3 : 5 1 : 4 5  30 0 . 0 8 4  0 .0 0 1
1 1 3 : 5 2 : 0 5  50 0 . 0 6 4  0 . 0 0 1
1 1 3 : 5 2 : 2 0  1 0 . 0 5 7  0 . 0 0 1
16 :5 . ’ :50  30 0 . 0 8 8  0 . 0 0 1

4
16:53:10 50 0 . 0 7 4  0 . 0 0 1
1 4 3 : 5 3 : 3 0  1 0 . 0 7 3  0
1 1 3 : 5 3 : 4 5  30 0 . 0 9 6  0 . 0 0 1
1 1 3 : 5 1 4 : 0 0  60 0 . 0 9 3  0
I S : 5 4 : 2 5  1 0 . 0 8 4  0
1S:54 :140 30 0.095 0 . 0 0 1
l s : 5 5 : Q O  60 0 . 0 2 8  0 . 0 0 1
1 6 : 5 5 :2 0  1 0 . 0 9 6  0 . 0 0 1
16:55 :140 30 0.10 0 .0 0 1
16:56:00 60 0.040 0

16: 56 :15 1 0 . 0 95 0
16 : 5 6 : 3 6  30 0 . 0 9 2  0 . 0 0 1
16:57:00 60 0.040 0

(Cont inued)
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Table 1419 (Concluded)

Time Depth Soluble Ortho P (rr~g P/i)
(hr:min:sec) (m) 2 SD

1 6 : 5 7 :2 0  1 0 . 0 9 2  0 . 0 0 1

1 1 3 : 5 7 : 3 5  30 0 . 0 9 4  0 . 00 1

1 6 : 5 8 : 1 0  50 0 . 0 8 3  0
1 6 : 5 8 : 1 5  1 0 . 0 9 1 4  0
1 6 : 5 8 : 3 0  1 0 . 0 8 4  0 . 0 0 1
1 6 : 5 8 : 3 0  30 0 . 0 8 6  0
1 7 : 0 0 : 3 0  60 0 . 0 4 0  0 .0 0 1
1 7 : 0 0 : 3 0  1 0 .0 8 1  0
1 7 : 0 0 : 3 0  30 0 . 0 8 1  0
17:00:30 60 0.0614 0.001

1 7 : 1 0 : 0 0  1 0 . 0 8 1  11.001

1 7 : 1 0 : 0 0  30 0 . 0 9 ’4  0 . 0 0 1

1 7 : 1 0 : 0 0  60 0 . 0 7 6  0 .0 0 1
17 : .~Q : 0 0  1 0 .10  0 . 0 0 1
l” : 2 0 : 0 0  60 0 . 0 6 1  0

1 7 : 2 1 : 0 0  30 0 . 0 8 9  0

1 7 : 3 1 : 3 0  1 0 . 0 8 5  0 . 0 0 1
17 :3 1 : 3 0  30 0 . 0 8 1  0

Mean and standard deviation calculated from duplicate analyses
of one sample.
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There appear to have been some correlations between

soluble orthophosphate concentration and percent light trans-

mission (Fi gures 122 through 126) , during the first set of
Elliott Bay dumps. As the percent light transmission at the

surface decreased following Dump No. 18 , the concentration of

soluble ortho P increased . As the percent light transmission

decreased near the bottom during this set of dumps , soluble
ortho P concentrations also decreased . Although the percent

li ght transmission near the bottom had returned to ambient
levels within 10 minutes of Dump No . 18 , the soluble ortho P

concentra t ions  remained below ambient levels unt i l  nearly
one hour a f t e r  th e dump . During Dumps 2A and 23, the concen-
trations of soluble ortho P increased at mid-depth as the

percent li ght t ransmiss ion  decreased . In the near bottom

waters , there was a decrease in soluble ortho P before any

decrease in percent light t ransmiss ion, but the second and

th i rd  pulses  of decreased concentrations coincided with de-

creases in percent  li ght t ransmission.

Data from Elliott Bay disposal operations show that

the two sets of dumps had some different effects on soluble

orthophosphate concentrat ions in the water column . Af te r

Dumps No. _A and 13, surface soluble ortho P fluctuated and

de creased to 0 .072  mg P/1, although it generally stayed
wi th in  0 .01 mg P/1 of the ambient concentrations. By con—
trast , a f t e r  the second set of dumps , the concentration de-

crease was more immediate and more pronounced (to 0.02 mg P/ i ) .

Moreover , the soluble or’tho P in the bottom water following

Dumps lA and lB appears to have remained at a depressed

level for  nearl y 50 minutes before returning to ambie”tt con-
centrations . The decreases in concentrat ion in bottom waters

following the last two dumps were more erratic ; decreases to

0.03 mg P/i were followed by increases to ambient levels.

A number of u,ifiltered water samp les collected
dur ing  different phases of the Elliott Bay disposal operation
were composited and analyzed for total phosp horus . Mean

924
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s ’o I Ic t ’n t  i’a t b u s  I ound ~t t ’ e  1it’eseiited in T,tble ‘tOO . Surface
wa t or ’ t o t  a I phos phct’u:; app e.  IL ’ OI l  t o  have  i ncrea sed  between the

t w o  ;0 t S c t  dumps . The compos i t  e s a i np i t ’:;  let’ Eli iott Bay

Dump No . I w ere t rein a per ’  led  of gt ’e ,it  lv I Luctuat ing turbidity

a nd v.ii’ i ab l e  cc i t t  anti liant ccncolltpat ion: ;  . I n some cases during

such  p er i o d s , t h e  duj ’ i l i c a t o  samp it ’s ccl lected (one to  he
11 ter’ed , t h e  o Oicr  r i o t )  e e i lt 1 i  i ned d i t  I ei’ent arno 1,t~i t s of s ed i—

m o n t . . Th i : ;  t a c t  h e l ps  e xp  I i i  ii w h y  the total P e )utcetl t ration

dur  I n o , Dump No . I seine t into:; a pp e i t ’ e I I  lowe, ’  t h a n  the sol uble

c i t  ho P t ak e n  d u r i n g  t he  sam e per iod
‘l’her ’e w , i : ;  n o t  much eh1~i u i g i ’ i n  t o t a l  p hosphorus

levels ,it mid—depth t he tote I P content dui’ jut’, t lie d isposal
opei’et ion :: appeal’ to have d ec t ’e, i : ; e d  I rom ambient (0 .11 rng P11)

to a low of 0 . 0 13 1 mc I’ /  I d u r i ng  Dum p No . 2 . Th e ceticentrat ion
was somewhat h i g l I e  r in t h e  I’os t —d 15 p05,- i 1 sanip “S

The  1 c t a  I p lies p hei ’u: ; f o u n d  i n  t h e  near  h ot  toni waters
l e s t  I t e InOf l S t l ’d t os t h e  i-c  Ia  t’ ion sh i p between the hi gh tur b i d i t y
and tot,il 1’ c c i r l t c n t  . M ax i rna of 0 . 4 7  and  0.30 rng P/I were found

(‘I, s r ’L c u r r e nt  w i t h  l o w  p e r cen t-  l i ght t i’ansmission in  the hot  torn

wa t o r ’  t o u n d  d i , t ’  I ti c’, t he dump s  . Be t :wee i i  dumps , the  total P was
he low pre —d i spo;-;,i 1 co }ioe nt t’at i on :; . In t ilt ’ post —d i posal corn—

po:; i t a :; , i n i p  h o  col l& ’ ,’t cj  ,aho u t  iS m i n u t e s  aftot’ the l ast dump ,

- •  
t h e  total I’ ( ‘o n c e n t t ’ . lt  I 1 - r i  had  no t  r’et i,,r’iied t o 1imh i ent  levels .

9,~~~u i i c Conta -ou n d  :1

Six water’ s a m p le s  cci k’ L’t t ’II  d u r i n g  E l l i o t t  Bay
d i sposal  o p e r a t i o n s  w e r e  S11l , 11V~~’I1 t ot’ ;-a’ l eL ’ t e I l  c h lor i n at e d
hvdrocarboii pesticides and i’Cih ; . I’li ~’:;e samples represent t he
water L’(”Ild i tions bet ore during and ,i I t e r  d is pos,t 1 . Data

for t h e s e  samples are present ed in Tab le  4 2 1
The P1 ’ chroma t og i ’~ims o I the :; i x samp le t’Xt ract s

are ill u s t r a t e d  i n  h’ i gut’es 135 and 136. Table 4: ’ o shows

9 2 5
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Table ‘121 )

Tota l  Phosphorus Concentrat ions:  Composites * of Water

Samples Collected During El l iot t

Bay Disposal Operations

I t ” ! tj ’ I ’S it ‘I’o t ii  Phos phoi ’us
T i m e s  fl~’p th  ( m ~ P / i )

( l i t ’ :  n u n  : ~; t ’ L ’) ( in ) X SD

‘ i t — P 
~~~~~~~~ 

i 1

50 0.11 0.00’/

130 0 . 12  0 . 0 0 5

Dump No . I

1 0 .0 132 0 .001

14 : 1 1 1 1 :
1
1 1~ 

~~~ 0 . 08 0 . 0 1.’
14 : ~4 S :

L: .~~~~~~ 
130 0 . 4 7 0 . 01

1 0 . 0 8  0 . 017

130 0 . 077  0 .001

Pump No • 2

1 0 . 0t1 7 0 . 0 0 1

lh:55 :40 30 0 .061 0.004
Ii’ :5 / : 35

130 0 . 32 0 . 015

(Continued)

926

~ 

• ~~~- ‘  - - .  - ‘ 
-‘ - ‘—~~~~ - 

‘~~~~-~~~~-~~ - -  — ‘ - ‘ - -‘~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ - ‘-- -~~~~~



_  - - ‘ - ‘ ~~~~~,- - -‘- - -
~~~~~~~~~

‘i t L  1’ ’ - ‘  - a (t ’ora ,’l udo d )

I’. ‘I:: ; ‘ k ’: ;  i ! , - - :  1 I ~~ I - ‘ I I , ’ s : - i t - ’ r  ‘ I t :  -

‘1’ i i : :, ’ :: P ep t  ii  ( rug  1’/ I )

( t i r ’ : r : r i i i : s , ’ . - )  N

i ’ o ’ t  — O i ~~1- . ’ , , t 1
1 ‘ : l0 : 0 ;1  113 1 1 .13;;

7 : 01 1 :01 )  
. .O U SI :0 ,1 :1) 0

:: t - i i : . l , t r ’ . t  ‘ l e v i t t  t O i l  ~‘,tI~’ul , i t , ’ 1t h o r n 1 r i p l L a t e
1 1 1 1 1  \‘ : :, ‘:  o h  o i l ’ ’ s,trm l c

11 1 _ l I l t .  I 0:1 - ‘oh 1 cot  • ‘ , , i  I Jo: : ‘~~l , i  - a t i l i l t ’ : l  ‘~ ‘ , - l ’ , -

I ’ it ~‘J 1 : I l’ s,’ ~
‘ .‘ a l i t ’  - l i i . !  - I l l _ I  I v ,‘ t ’ I - - :  - I o t  .1 1

-
‘ ‘ 1

~‘a L e ; ’  d a : : a - l e : ;  Ar i a  L \ ’ . te.I  101 Ci ’ s ’, a ’ : i c ~‘s ’ : l c, ’’, l I i’, i t  i, -nt:: : i : i I ~~ t

0.ty I i ,:jj s , s
,,

,l ,I 131’e r ’ .l  I

‘I’ i n;’ ’ - a 
~
‘ I

11 i l l  : 1 - , ’ - ) ‘ I t t - ‘ : i ~ ~ ‘
- ‘‘ s -

I ( . s t _ ~ i’ —

— t~~1 3 ’ .:, , ‘ t ’ , ’ — :a , ’ s ’ : : . l ’ -1

I : I t  i -  : .‘ t )  — : ‘ 
‘ : I I , i’ur’I’ .1 1’ - - 13 t I 31~

I’ : — 1 1 : _ ‘ 1 — - _ I - 1 — I 1 ; ’ , ’ - :  -

-
- 1 : -  - l  — I ,  1, 1 : ‘I

/ : 13 1 : 1 , 1 ‘ a - - i , t  ‘ :  :a- ’ -\
I t - I )  UI

( 1 1 3 1 )
( I - t i I l l

1 : 1 1 : 113 ‘ , ‘ : ; I — t ’ i s : ’ , - - , t h  I

I I

1 1 ’ ’ - :‘~~I tI : ~ ”’~ - : i:u ~‘ 1 -  I s ’ ’ I ”  . -~~~~t : - ’ H ’~~~ - _ 
- ‘  ‘. - s i  - _

I !  t~~’ 
i ; , :  - I s , , : ,  - ‘ - I - - o  ‘

- H i  _ , _ ‘ ‘ 5, t ‘, _ - - : , , ,

I : 9



___________________________________________________________

C 5 ~ l Wat .r Extract
Pox t -d ~ spO saT al

- - - -  - - —‘-—--+ Rete i~Iion Tm. (m.n)
F a qur . 135

P r ø f l l .  of , l , - I , i ,,
~~c R e s 1 d u ~ s on (C Chrom C togr a m s E l l i o t t  Ba y Dump No. 2
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5 p tr t

~ Retenlion Time (mm )
F igure 136

Profi l e of Organic Res idue s on (C Ch romatograms
E l liott Bay Dump No. 2
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Table ‘422
Relative Retention Correlation Data:** Elliott

Bay Dump No. 2 Water Samples, February 17, 1976

‘Peak Organic RrNumber Compound

1 13 0.20

2 16 0.24

3 21 0.32

4 26 0.39

5 28 0.41

6 31 0.47

7 Lindane* 37 0.56

8 ‘42 0.64

9 50 0.76

10 60 0.91

11 66 1.00

12 Internal Standard
Heptachior Epoxide 95 1.44

13 115 l.7’4
*Compound identified on two columns .

the relative retention times of the resolved peaks . Examina-

tion of the two figures shows that almost all the characteris-

tic peaks were present in all the samples and that the differ-

ence is onl y in the magnitude of peaks .

Table ‘423 lists the results of the organic

anal ysis for these samp les . It can be seen from this table

that lindane was the only pesticide under investiga t ion that

was detected on two columns . PCBs were also present in all
samples tested. The concentration of lindane decreased to

0 .3 ng /l in the turbid plume f rom the f i r s t  disposal operation
but increased to 3 .5 ng /l durin g the  second turbid p lume .

At other times , the concentrations ranged between 1.3 and

1.7 ng/l. The PCB concentrations of all samples were between

18.0 and 24 .0 ng/1 , except during passage of the turbid plume

from Dump No. 1, when PCBs increased to 36 .0 ng /1 . This

930
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1 a - i t O  ,‘J 

-I -rt: , : (:t~’ / 1 )  ( n u l l )  ( I t s ’ , ’ )  (n ~~/ 1) (:t~’/1) (nt) ’, /l)

‘, 11 . t ,  ‘- ‘I . , 
“ ‘ 0 •-: (1 . ’ p . 13 0.6

., ., 3 .O .. t . [)  ~~~3 . O  13 .0 ~~ 3 .O

“ ‘ .0 ‘.0 ‘- ,‘.O ‘~~~ ,i . lj ‘- O  “ 3.0
‘— 2 .0 .‘ .O ‘- 2.0 ‘- .‘ .Ll

‘. 2 . 0  2 . 0  ‘. ‘ .0 .‘.O ‘ .0 < 2 . 0
01 ’ ’ .  ‘- 2.13 ‘ - : .0 ‘- .‘ . O  ‘- - 2 . 0  ‘- 2 . 0  .1 2 . 0

“ 2 . 0  ‘- 2 . 0  .‘ . O  ‘- 2.0 2.0 < 2.0
I i :t 1. ,’ 1 . 2 1 . 2 1 .,‘ I . 2 ‘1 1. 2

I ut I ‘— I . 2 1 . 2 “ I . .‘ ‘, I . ,‘ ‘-. 1 . .‘ ‘- 1 . 2
I :I,a,’Sl;l I ut I I  “ ‘~ . 4 ‘, 4 . ‘‘ 4 . 14 5, 4 • 4 ., 14 .4
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1 . 3  0 . 3  1 . 5  .1 .5  1.7 1.5
. 1 1 .0  ,a,’.O ,‘~+. 0 2 2 . 0  2 0 . 0 113 .0

- ta-i - O r ’ s ,  u t  is Cs ’rn I a ’ : I i I , l ;

(m ) ’/  1) ( m e , -‘1) ( i n s ’, ‘I , )  t m ~’, / l  ) ( m g / i )  (m g / i )
O t t  It : - : I ’ , - 4 - a ’ ~~~~~

0 . b  7 .13 < ( 1 .’, < 0 . 5  .. 1 1 .5  < 0 . 5
‘i ’~’t ii L~ I’ ~

’- i fl i s ’

I. : 11 .4  2 4  . 13 16 . ‘1 22 . 13 13 . 13

Tot  u i  I :tor-g.u nic
C,ui’l’on 2 11. 13 20 .13 1 2 . 1 3  “ . 3  17. ’?

I t - - I  5~ I’ , 0 ! .

‘~ 0t ’ , ’ T,it’ I e 421 for  exp lanat  l O l l  ol cc lum u des ign at  t O i t  a .
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corresponds to the oil and grease data pattern for these

samples : oil and grease were below the detection limit of

0.5 mg/i for all samples except the one t a k e n  dur ing  the
first turbid plume (7.6 mg/i).

Both elutriate test and field study results showed

only a slight release. The low retention t i: :;’s I t ”  ~~~~~~ - 5 1 1-

pounds were redu ced during passage of the turb id plume and
in the elutriate. Comparisons of the PCB concentrations show

that in the pre—disposal extract , they were 20.0 rig/i and in

the water extract , 11.5 ng/l. During the t-ti’ bi d plume the

concentration increased to 36.0 ng/l and in tlt e elutriate to

33.4 ng/l. The elutriate test gave the sam e G.C. 
~

‘ i - a t  i le and
also the same trend towards release or’ ss -t’I-tion .

Water Quality at the L)z’ed~~ixig Si t e

Percent Transmission 13

Profi les of the wa ter column above arid below the

dredging site were taken to determine if mechanical dred g ing

operations had an e f f e c t on the t urbid i ty of th e Duwainish

River. The data for the two sites are presented in Figure
137 and show similar profiles. ‘i’he surface w-~ters were more

turbid a t both sites than the bo tt om wat ers , wi th ap~-1’ ox-

imate ly  140 percent  t r ansmiss ion  for su r face  wate r  ~‘oi:tp5ii ’ed
to 7 0 percent for the bottom water’s. No eftects of dred ging
can be discerned from these d a t r .

Heavy Meta ls
Soluble heavy metal concentrations in water samp les

col lected above and below the  mechanica l  s l i ’e d i ’, e iii t he  Duw an ’u i s h
Rive r Turn ing  Basin are shown in Tabl e V’ U Ther e  wa s  rio

difference in metal concentrations between thi “ s ,  imp 1 es taken

above the dredge and those tak en be L’W. Manganese and ~iric

conce nt r a t ions ranged I r o t a 37 t o  58 and I rota 10 . S t 0 . ii p g / i

respectively. Cadmium arid lead concentrations t’ s uitt ’, ed from 1.13

to 14 .0 p g/i and from 2.0 to 2 . ’l p g / i , resp~~c t i v e I v .  N i c k e l

in t l  copper c o n c e n t r a t i o n s  ~‘,u I t~,eJ 1 r ’ - ‘a; 14 . 13 to I’ . 7 p ,~’, / I

o 3 .1

- ,
~~~~~~~~~~~~~~~~ ‘_,~
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Plrcs nt Transmission Prof ile-
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• Quwa nis h River Turn ing Basin Above the Dredge
£ Duwanish River Turn ing Bas in Below the Dredge
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3.1 to 10.0 pg/i , respectively. Iron concentrations de-

creased with depth. They were 318 to 1473 pg/i at the surface

and from 37 to 55 pg/i at 14 to 6 meters below the surface .

Chromium , arsenic , and mercury concentrations were all below
detection limits of <2 , <2 , and <0 .005 pg/i , respectively.

Nitrogen Compounds
For comparison , water samples were also collected

from the Duwamish River Turning Basin. Results of ammonium

and nitrate analyses are presented in Table 1 ,2 5 .  Ammonium
concentrations were much higher than those observed in the

disposal site water samples. Concentrations in the upper two

meters of the dredging site water column were apparently as
much as twice those in the underlying water. Specific conduct-

ance data (Table 388) had indica ted that at the dredging site ,
the m ore contaminated river’ water overlies the bay water.

Ni tra’ie concentrations ranged between 0.314 and 0.148 mg N/i ,

wi th higher concentrations in the surface waters .

I t is appar ent f r om the data in Tables ~lS and 14,’5

that the water column at the Elliott Bay disposal area was

less contaminated with nitrogen compounds than the dredging

site water column. Monitoring of disposal operations generally

indicated release of ammonium and removal of nitrate and organ-

ic N. The only  exception to this trend was observed with

Elliott Bay Dump No. lA. ‘l’he ammonium release following Dump

No. 2B , although significantly h igh  (2.64 mg N/i) , should no t
harm aquat ic organisms bec ause o f the bre v it y  of the expec ted
period of exposure .

Phosphorus Compound s

Soluble orthophosphate concentrations of samples

colle ct ed in th e Duwa m ish Riv er Turn ing  Basin bo th abov e  and

below the mechanical dredge , ~i’e presented in Table 13’13 .

Above the dredge , concentrations aj-1-eared to be fairly con—

stant with depth, ranging from 0 . 079 to 0. 094 mg P/i. Below

the dredge , the concentrati on at 0.5 and 2 m (0.114 and 0.22

13

L - 
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~~ P/i) app~’~Cr’ ed to be somewhat higher than thoso found above

the dred ge at corresponding d e p th s .  The concen t ra t ions  at
4 and 6 m , however , were lower than near-bottom water con-
centrat ions  above the dred ge.

Table , s 5

Ammonium and Nitrate Concentrations: Water Samples

Coll ected Above an d Bel ow th e Dr edge in Duwamish
River  Turn in& Basin ’~

(mg N/i)

11 4

( r :~) , :5,11111,1511 urn N i  ~l’~Ite

0.~ 0.23 0.148

1.0 0.33 0. 1 4 2

2.0 0.28 0.143

r~e low:

2.0 0 . 2 8  0 . 1 4 1 4

~4 .0 0.13 0 .143

14 .0 0 . 1 2  0 . 1 4 2
1 3 . 0  0 . 1 2  0 . 3 1 4

I’~~ ’~~~~~~ santo les  colle1’t e j  hI’tw ~-en 16:30 and 16:45.
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Table

Soluble Orthop hosphate  C o n c e n t r a t i o n s :  Samples Col lec ted
Above and Below Di ’ed~~e in Duwainish River  Turning Basin

D e 1- t h  Soluble Or tho  p (m g  P / i )
( t a )  

X SD

Above Dr edge — 113 : 30

0 . 5 0 . 0 7 9  0
2 0 . 0 9 4  0

0 . 0 84  0 . 001
Pelow fli’od ge — 16:40

0 . 5 0 .14 0
2 0 . 2 2  0

0 . 0 7 2  0 . 00 1 ~‘

6 0.071 0

~D -j n  md S t 1 I 1 _ I F - 1  deviation calculated from dup licate anal~~-= es

o 1 - - • a am p ~ e
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r a w _ Y o i ’ k — N s - w  ds ’i’c.ey Pu to r’way s — N e w  York Bi ght

~s ’  ~S ,I W ‘i’5_ It-k U h u t  ar ’ea ut .  I t h e  clodS t of Sandy Hook ,

N’-w 4ru ’i ’: ; s - \ ’ Isis lOs ’s-u t y Us’ & ’ i i  t h e  l ocu s  s f  (10115 i ds-i’ .Wle contro—

‘5”r’:h’ u ) V ’ ’ t  t h i s ’ J i~~p s ’~~.i1 u l  ;;u’W ,i’O siii I gu’ a r i d  - I i ’ ca1 ~’, s-’d ma t e r i a l .
Lit i i ’  5 11:1111 , - I ’  o t  1 . 1 /1 , lii , l ’sJttOlIL wat: c i”s in a h ind ~ U out  eight

I:. ! Is- c wide -uid e X l u ’;isl Iiig ~I - o u l  3 0 0  ,:iiles clown t h e  N ew York—
N,a-,’ d ’ ’i’ - ;&’y ~~~~~ , ‘, s’ii . ’i’ ulJ.y a Ic -IC m iles of fu h o r e , becam e

t l ; , IX  1 ’ ’ . ‘ C tic il ~~~’X I c  C I I I L L I b i t s  lu’! u large ;;ca~~e — d i e  o f f s  of
o I urn s • I i  -51 - , Lcd -a I s i -  , rnd I-uttoni— - I W O  1 1 big i Iuh such as flounder.

‘flie NOW ‘ - i L  Di a t riot o I I ito Cor’ps ot Liigineers

sll ’c(t - ’S - i j - 1 i - 5 ’>~itti~~t c L y  10 ai lli ’’ti cu bi c  y~ i’ s1s of sed iment  f rom
- W : o t ’ k — N c w  J r  IT sl~~ h u i ’ boi ’:; 5irid water-ways 5 t nn u a l l v  . ‘l’he se

U i ’ s - I - cc ;, ‘ d i l as ’ i it s  .11 4’ i i i  dumped dL one s it e  (mud C lum p s i t e)
iii  t h e  N O W  Yoi ’k 13 1 , 111 . ‘2110 5 !I’l’0111)dillg :;lioreline c o n t a i n c
5- ‘tao of I 15 ’ :5 -1; t Li i  tensely in  -U 1111 ~ecl arid indus  t r ia l  i ::ed areas
i i i  t n c  W o i ’ j s I . I t ’ s ’ s’ i i i a ’ i l i i t s  o t  u n t i ’ o u t o d  or on ly  p a r t i a l l y
1 1” 1 C C !  WaS t o W . t  t s -i ’s s i c  d i  a chi ,  i ’go ’d to  the w a ter w a y s .  F u r t h e r ,
t - i v er s  bsuoh i  as t l i . ’ H U IL OII  t h a t  d i s ch 5 i t ’g e  to t h i s  area carry

- 
s L’s i Si Cli I coii tallijitwit;; t o m  t h e  m u n i c i p a l  and i n d ust i -  ii

W-IS LCW51 tel’ ;: 4:i d . ig i’ic ul  t i i ’ ,al d ra inage  f rom - Several  s t a t e s .
l i ,S i’s ’ ;;ul t iii t his’ 10 t enti,i 1 t~~t i ’  la I-ge—SCale COn t a i ni t t a t i o n  of

t h i s ’  W’ s - I ’ S  - u id ~~~‘ s I  111011 1 s iii ths ’ Ne w Y C ok—New Jersey area . Corn—

Pu t a t ion : ;  ol t ho total cu ’ilt , l 1 ; I L M t T l t  I s r t s I  t o the New York B -i gI;t
su ’h aS tho se  r~- t de by Dii ’ ‘ h u t ’  et  5t1 . ,C’ / whi ch are based on the
1)01k 5 ’ t i i t i s i i i t  c o i i ’ omi t , show t hat  to~ many c o n t a m i na nt s  of

s ; r i t j a l c o r l c e m - 1 i  , t ile t o t i l  I s ’s!  to the  New York Pdght a r i s i ng
1 5111 t i ’ ’ s i i sp o a i L  o f  d red ged s e d i m e n t  is a sig n i f i c a n t  part of

t In  t ot s]  load t r on i  a l l  sources i n c l u d i ng  sewage sludge  dum p ing
. i L i s 1  thic slischtst’ 1 ’, e o h ’ m u n i c i p a l  dnd i ndus t r i a l  w a s t e .  However ,
1;; p0111 t ’ i - l out  by N ee , n ij  J o n es  

38 in  t h e i r  d i s c u s s i o n  of the
i t s - i  her ci al . 39 p t j - s ~i’ , in ord er to judge  t h e  t rue  si gn i f i cance

ot the ‘ :O l i t , l r n i I l , i l I t S  assoc ia ted  w i t h  the  dred ged sediment , it

LS i i ~~’ s ’ e 5 S . 1 1 ’y  I s )  i e t e ; - i i i i  10 t h e amounts  of these  contaminants
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thdt become available to a f f e c t  w a t e r  quality in the New York
Bi g u t  . lii O1’ s I O t . ’ t o  pr ovide  i i ifo i ’ma t [on ott this top ic ansi

to evdludte the reliability ot  tile elutr’iate test in predict—

big the poteittial f o r ’  c o i t t a l n hlldllt release from dredged sedi—

inent upon openwdtei’ disposal , a s tudy  Wd S condu cted in this
regis)rt iii late August—early September 1975. This study in—

volved collect big sediments from the area scheduled to be

dredged and subjecting them to t h e eluti’iate test under  a
variety of conditions. Also , the disposal operations irivol—

ving the chi’esigesl material f r o m  these areas were is’s 1 - sd to

d e t erm i n e  the release of contaminants during disposal. Further ,

samples of sh’e l ged m d t e r i - r l a c c u m u l a t i n g  in ti le h o p per s  we re

collected d uring ~1t ’csI 1’, ing .  Also , samples  were co] lee ted f rom
the hoppers pt~ 1’losIiCdll y dui’i ng transport from I l i e  dred ging

S i t e  t o  t h e  mu ch dump site. ‘l’hisee samples were ls ll Icc led so

- 
‘
~ t i - i t  m i i c s s u i ’ em en t s  of t h i s ’ release at contaminants at thte t line

o t s h i ’ s;d ty i ip’, and - Itt L’iLlt’, tr ans  1 4 1 1 ’  t ts. the di s po~;a si to could

be ludsie . I n ~J~Ii L io n , a set at  wa t~:i ~ samplt’s was t a k e n  Ii’ommi

the m o u t h  ot Raritan Bay to comii ~’.ti’e the colic-cut rat  101) 01 d10Ii~

I ,i:i i~naiitS present it. t h e mits ’ u t hi of t h e b.iy (w h i c h  i~e~~, lVs s

fli U l l i c’ L ~‘ t l at i i  inn Iua til l cli WSS t OW .1 t ci’  d i  a chat  ‘gui S l’i ‘a nt New York
and New J c i ’a c - y )  t o  th a t t o u n d  at t h e di’ed 1’, esl ins t s ’r iai  d iSposal
s i t e .

l : i u t P td t C  and P l op  ‘Jes ts

iTh,im’,ic t r i s t i 5 ’c ,P S,iaij-1 [n~ ~ lt o

OJI  ,-\ : - , i~ :; t 30 , 1137t - S e d i i n e i i t  a t id  Wa t ei ’  s~in i p l e a  I~’s’1’O

c o i I s ’~’ t  ed us i  i i i ’, 5 P0 11, 111 f i s h  - n i l p u m p ,  I ’ s ’ SI ’ s ’s ’ Lively, t rorn ,im’ea; ;

in t h e  U.iv R i dg e  I ’isrlIns ’ I , i i i s i  t h e  h ’ e i ’L h i  ‘ \ ml1I ~~1\ - A m l s ’ h i s l l ’ , l i ’,e i i i !

I t h iS  t Ws ’ i ’ s! ~ u’he - , I i i  [~ ‘~ j 0 I ’ s’ s h l ’ s ’ s I t ’, èsl oil t li e I oil s ’Wi 1l~ ’, t W O

sI LL a. The 1~ ,‘ ,t I ~i O I l S  , i t  I I I s ’; ; u’ s . i np l  i D’, si tes  i l ’ s’ i ’ l ’ s ’ a s ’ i I  t~’sI

in  Fi 1’, i i i ’ , -s  I -dl us! I 3 -1

‘ L ’I i s ’ ~;es ’ c h i  i~ d e p t h ,it t hit ’ Pay  R i dg e  Channel i t - si j i , ; t ’ n i

s u ~~~’ I lug  site F’ [ g u m ’ s ’ I 30 ) was 0. ‘iN in; 515 ’p t hi o f  t l i ’  Wa I , ’i ’
co l umn W I : ;  t j - 1 - i ’ - ’x i i i i i t e i y  13 in.  ‘ l ’iis ’ :; , ‘~ h i n i e I i t  s’O l l ~’s ’ I  csl i i i  t h , i t

1 3 3 0

_ _ _ _  ~~~~~~~~~ ‘ ‘~~~
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s i ,  -5 ; a; I , I’ La - - k , Si id a i L L ’  i i i  n~ - ps a m ’ ,i n ec . Sl n s ’~- t lie

W a t s ’ i ’  at ~~~1;, it Is- cat i on  wa s  t u i ’b I s I , i t  Wa s decides] to c’o l l s i s ’ t

t h i s ’ W S t s ’ S I r ’om a n ‘a i’[’y , i.e 5:; t ui ’bid s l o t  (h’lgure ] 38 ) . A t

t , : i s  :, L t ~ - 4 ’ha,, ;s ’u , tIis ’ s i t e s  s ’ s ’lUfllfl was n L - , s i t  1 in dee l s ; t i l e

Ss’s’C l l i ,  ds ’ 1 ’ t  ii 5 , s : -  I .  .13 i tt . ‘l ’lis ’ W S t C l ’  slSI~’ie WaS l U n I s ’ ~1 I i’ orn a

si~ 
- C t  ii t a !~~ t i  t L I )  lIt .

i 13’r t  hi “sili l s oy  A m i s ’ I i s i’sgs’ ( Fl t - u ~’e 1313 ) is a h a i ’ 1’, e
-IS ’ Ss - x ’ s , - , - - n e ,  . l w o  so Is  a I ’ a’ ’d i m e i i  t 5151 ~~

‘ I t  s I ’  s~ini jt1 s - ;  We l ’ s ’

cs~1 I s ’c’t s ’ h  Lii Lhe a n c h I ’ I - t t ’,e i i ’ u’S . A t  t h e  I i m ’ a t  b e a t  Ion , t h e

‘~aits ’i’ s’~~ l a Was 13 mmm , a mi d Li i i ’ Les - c h i l d e p t h  wa: ;  1 m i t .  ‘l’hie st - l i—
macs t w : I’las ’k arid psa ty  wi  I h i  S 5 SoIl a u !  I .Lls ’ ,ad s ’t l ’ . A W dt s ’ i ’

o w i: ;  cob t o o t e d  a t  t h s i t  lo cat i o n  f rom  a d e p t h  01 ’ 6 in.

A : : s ’ s u o t ; , I  se t  a t ’ P e r t h  Ainboy A iichiom’igt ’ sa mp b s ’s was
aN s i l l  - i i  - 0 1 1  1 1II 0 ifl s i : ;  I — n o t ’ !  he as t s,~ I t l i s ’ 

~
‘ \ ‘  O i l  S -l V s , l P i~~ i t ’d - in—

‘ i - i t I s ’ . ‘l ’h5 ’ ;- ,‘ , i t e i ’  hs - j ’ t h i  was  ~ I’s’~~t ‘1 ni , , i n s l  t he  Secehi

he 1 I i i  5,15 1 I n .  ‘ i ’ l i c  a I ’ Os ’ I m ’ i i l s : s ’ ot  t h is u edi mmis ’tit s ’ e m i e r ~~ I lv  l’ s —

:,ulai- h ’~ 1 i s ’  s i t  h i o i ’  s e s t i m : s ’nt , s ’ x s :s ’p t  t h i i t  t h i s ’ s u l t  ide Oct0 1’ W A S

not - i ;  : :t r ’ a n 1 ’, i l l  this ss ’s l i r n e i l t  . A Watci’ ss im ip le  W a: :  c o l l e c t e d

‘0 15 l i i .  1 1  - si  I s- sod i tmic i t  t : ; ,  im: ip l es were  latex’ I t O O  is’ s! and pro—
cs ’s ;  s: J s:; til t ’ ci~ Iii Ama! - s ~~ At i s ’ ho i ’ ,t  ,e 551111) he

i ’ h i e ls ’ l ’ - t h  ol t h e  I’ ~’i ’th Amboy Channel saflipilli )’, S i te

(1 L f , 5 l ’ c’ 1. 30 ) WaS j h s ’U t  13 ~fl , aiid t h e  Ss -~c~~hl  depth was 1.3 m .
i ’he i~~- i’Lhi A;mil ’ - ’-5’ ~‘ h i , t i i n s u  L se-J ,[nieiit sa imip le  had i t h i n  layer ol

I t - ass j ;:~‘ 1 , s ’~~ldj ~~s ’d m at er i a l  on its surface uid a a t l ’ o m I g  s u b —

L I  - O s t s ” i  - . I t s con:; I st e i i c y  cc sembled  t list o I t lie aud io rage

- ; t; :o- L e . ‘i de l u ’ 55- i’e also sau te Ss ’O is ansi twigs in t . he samp le

A w I t  s ’S 1; i m : l b - b e  Was also co! lee t e d  f rom a d e p t h  0 1 10 m .
‘i ’h ie  se a led  s e d i m e n t  buckets ami d water bottles were

p La os  ‘d in i i i : :  u [a t  i ’ s! s lu  
~~~~ 

in1’, boxes 4i rid lnunediately a i r —  f i ’ei gh t ed

to 1 ,1 1~~ , i : ; . U 1’ s ’ m i  ,tm ’i’tv ,il , t h e y  w e r e  s to red  in t he dark at tt~~C

an 5!  W s ’ i ’ s ’ not  a 1’cn ed  u n t i l  uses]  t a m ’  t h e  elut n ate tests.

C t i t l ’ t  ~i l  , ‘~ ‘~ i i I ; l t l I t  L ’ I l , i m ’ ~l c’ t e x ’ i s_t i c ’.: ~ t t s l Jxy gen  Dei na t i s i

‘i ’Iie :;t ’~ 1 i m m j t ’ j t t  ~~~ ~~~~~~~~~ ~~ ~~~~~~~ e lu t ri st e  t e s t ;  were
, l I i . i lV . ’ -,~s t I - - r  Ph , su 1~~isle cons -ou t i ’ i t  i on , pet ’ s -cu t  dry  wei ght ,

‘311 2
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and particle size distribution. The results of these measure-

ments are presented in Table 1127

Perth Amboy Channel and Anchorage sediments  were
analyzed in triplicate. They had Eh values of -353 my and

-381 my , respectively. The Perth Amboy Channel sediment ’s

mean sulfide concentration was 1502 mg/kg ; that of the Anchor-

age sediment was 2373 m g / k g . Their mean percent dry weights
were 34 percent and 110 percent , respectively. The particle

size distribution of the Channel sediment sample was 11 percent

clay, 63 percent silt , and 33 percent sand . An chorage sedi ment
was zero percen t clay , 69 per cen t silt , and 31 percent sand .

The Bay Ridge Channe l  sediment had an Eh of -3/0 my . The mean

sulfide concentration was found to be 1190 mg/kg. The mean

percent dry weight value was determined to be 48 percent . These

sedi ments  were found to be (3 percent  clay , 514 perc ent silt , and
110 percent  sand.

The oxygen demand test was perf ormed on the thr ee
sediment samples. The oxygen uptake data for the multi ple
runs for all three sedimen ts are pre sen ted in Tab les A 37 , A38 ,

and A 39 of Append ix  A .  For the samples  f ront  th ie Perth Ainboy
Channel , the s t andard  d e v i a t i o n  ranged from 0 to 0 . 3 , in di-

ca t ing  good reproducibility. As can be seen in Table 4~7 , the

Anchorge area sediment  showed a s l i g h t l y  h ighe r  oxy g en  demand
per cubic  meter  for the  f i r s t  hour ( 9 . 3  x 111 g 0~ compared to

2 -8 .4  x 10 g 0 , t or  the Lhdnn el  s e d i m e n t) .  The same was true
for  the uptdke  per gram dry wei ght  ts a r the t l r s t  hour ’ : 1 .4 3
mg 0 , for  the Anchorage sediment  compared to 1 .2 0  mg 0~ fo r
the Channel  sediment .

The plot  of t ir e data  fx’~~imi t he  Pe r th  AmiiI ’oy o x yg e n

demand t e s t s  are p re sen ted  in Figur es  14 0 and 114 1 . The Channe l
sediment  showed a t w o — s t a g e  up take . The slope of t h e  f a s t  com—

. — l  -poflent was — 0 .  lb mg / i  min i , and that ot the  slow coIull’oI’ieiit

was U . 0 0 0  mgI 1 iiiin~~
1. T h e  Anch orage ss’d imeii  I hsd a s i i ig  is ’ —

component  s lop s ’  s a t  — 0 .  01.’ mg/ 1 111111 The u n  t i a l  f a a  I
ent  found  for mos I SC sI .LI ~s’ii t S t s’S I u’ s! i i i  th is st  itchy Wa:; \‘ s ’ i’v a h o t ’  I

l ives’.

‘3 14 3
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‘2dl ~ L e  i ,7  :Cis ’w: :  th at :ie b5i v  N L I - ’  Ch a n n e l  :;~~‘~~

1, 10 a OS’c ’ t ’  u [’ t , l~~ s ’ i i i  t h u  l i s t  h a i t i -  t han t uit ’ P e ! - t h l  ,- \ m m i h s t y  : s i m : i —

p ie s. T hi s ’ OXVf,s’Ii 51e::151iiJ i i i  t h e  I i l ’ S  1 h i c U l ’  101’  5 C C - a c  mact el’

• x 10 g, 0 .  it  w a s  U - 00 mg 0 , ~‘c I- t ’, r ’ a m : C  Cm - v Wt ’ i ’li t

~ho ~— 1sa t  s i t  he r e s u lt s , F i - ,~a- t .’ 10 .’ , s l i t ’s:: a ~w s a —~ -e i : e n t
b~~s,’5s ’ . C e  I i s t  C- ’In~’sas~’nt w~ia  s’S I ,‘Ulsits ’,I to be — 0 .  015 m u g / b

- -_ - , . — la : : . ; t h e  s law c s a n ;l ’s ’ m : s ’ ; t t  i-:,i:: — 0 .  O U t ’  iis’, / l  m a i n  - 

te Test Cs’miei’a L l T i m - , i m : : c t s ’ I ’S

:‘U l ’ l .Lc5 , i t s ’ 5 ‘ e u - 5 -e n t  OX m c ,  .‘O !‘s ’ m ’ c e m i t  ox i c  , ami d  20
pe l ’ C s ’il  t a m  :~~

- x I s ’ t e s t  s is’ s ’ s ’ run  on Pci’ thn Amttbov ChaIIne 1 , P ei ’thr
Aa~ -oy ,-\: 10 h o r s  ~ -

, c , am a! i i 5 iv  N C ge L ’li ~1 i nc 1 a ed immien 1 a oti Sept emnhe r
3— ~ , 10 7 0 .  in ad d i t i o n , a se t  of d u p l i c a t e  p lop t e s t s  were
m i i i :  sam ;  S e p  t ou t - e m ’  1 ~s s ’l i  S O t !  i:::s ’ m s  I a i ls!  s at  ci’ fr ou m i t h e  P e r t h  Anih ov

Anc:ror’.ic;e -

Ta b l e  1 4 7 0  p r e s e n t s  t h e  v al u e s  s a l  tire gener a l p h y s i c a l
d I s H  chemica l  pai ’wae Icr’s maeasured during elutriate tests run  on

Per Ii i  Am :it ’ 5 ’y C h i a m : u i e l  s ed imen t  and w at e r .  J u d g i ng  lroni the D . 0.
VJ i  ues c hu r i ,. u’ig, t ire re~- i i c a i t e  70 p e r ce n t  ox i c t e s t s , t he  o xy g e n
den :au rd  s a t ’ t h i s  s ed imen t  was hi gh conipar ’ed to u mi os t  t e s t  s e d i —
me t  Is  e lu t i - i a t ed  d ur in g  t h i s  s t u d y  - T h i s  is based on t ine
observat i~’mi that d u r i ng ,  settling of  the 20 p er c e n t  oxic  t e s t s
0.0. c On c e n tr at i on s  in tire elutr.iate dect’e5i~~ed t o  0 . 7  and

1. 7 m g / i  - Because  of the smal le r  percent  se~himen t used , t he

5 s 2 1 ’ C t it it  oxi c s’lu tr i at e s  ha~1 c o n s i s t e n t l y  h i - ,’, I i e r  P . O .  le ve l s

t~ian t i re  20 j~~s~~l ’ s:s’ I I t  ox i c  e lu t r  i.~ltes and ShOWe d hi gher decrease
dur ’ in 1’, set tii m i g , .  i 1ur ’ir i g the  anoxic  t e s t s  , t ine  0. 0. r e m a im i e 0
[-el- ow U . S  ~ug, 1 (d e t e c t i o n  l i m i t) .

‘I’he ph va lues  rose from 7 .5 in t h i e  s i t e  wa te r  to
about  S in all e l u t r i a t e s .  Turbidity l eve l s  were a bou t  t ine
same iii  both 5 and 20  p s i r ’ c e i it  oxic c - lu ti ’ia t e s  but  were some-
w h a t  h i s ’,li et’ in t} e anox i c eluti’iates . Specific c o n d u c t a n c e

values increased sli g h t l y  ~is a result of eiutriatioui , but  no

disce rn i [t ~e d i !  Ic  t ’ e t i c es  W e r e  f ou n d  among this’ elu tr i it e s  .

9t~ ,‘
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Table 1129 shows that the general characteristics of

the Perth Amboy Anchorage site water were about the same ~s

those of the Perth Amboy Channel site water . Because~’the plop

tests were run ten days after the oxic and anoxic tests on

the Anchorage sediments , a second sample of s i te water  was

analyzed at that time for its general characteristics. The
only difference between the two was in turbidity ; whereas it

was 2.5 NTU prior to the first tests , it was 6 NTU prior to
t h e  r u n n i n g  of  the  p lop t e s t s .

From the  D . 0 .  concen t r a t i ons  d u r i n g  the  Per th  Amboy
Anchorage  e lu t r i a t e  t e s t s , it would  appear  t ha t  the  oxygen

demand of these sediments was about the same as that of the

Channel sediments. The D0 . values were higher in the 5 percen t

oxic elutriates than in the 2 0  p e rcen t  oxic  e l u tr i at e s  and
below 0 . 5  mg / i  d u r i n g  t h e  a nox i c  t e a t s .

The 0 . 0 .  in the  t es t  colum n d u r i n g  t he  plop t e s t s

on Per th  Amboy Anchorage s ed imen t  remained  c o n s t a n t  w i t h  d e p t h .
The i n i t i a l  and a f t er - m i x i n g  v a l u e s  were about  the  same as
those  f o u nd  d u r i n g  the  5 pe rcen t  ox ic  t e s t s .  A lt e r  s e t t l i n g ,
D . 0 .  va lues  were sli gh t l y  hi gher than those found in the 5
perc ent e l u t r i ates.

The pH rose d u r i n g  e iu tr ’i at i o n  of P e r t h  Amb oy An-
chor age  s e d i m e n t  - The t u r b i d i  tv f o u n d  in the  20 p e rcen t  oxic
and 20  percent  anox ic  e l u t r i a te a  m ’ 5 ing ,ed  f rom 70 to 105 NT I T .

The 5 pe rcen t ox i_ c dup i b a t e s  h ad somewhat  lower  t u m ’h i d i t  i es
( 6 5  and 6 2  N T U ) ;  plop t e s t  elutm’ia te t ; i r t ’i d i t i c s  were  t h e
lowest  a t  25 and 30 NTU .

The speci  f i c  c o n d u c t a n c e  of  t h e  Per th  Arn hov  ,-\nc l i s ’i’as ’o

site wate r  was 2 9 , 6~~0 ~i m h o s / c m  ~ 2 5 ° C .  ,‘\ l though 20  p er cen t

oxic A elutriate showed no c h n m m C ’o i n  s r e ci f i c  c o n~ l u c tam i c e  , t h e

2 0 per cen t  ox~~ - ’ B e lu t ria t e showed a si i g ir t  i n c re as e  t o

31 , 800 ~mhos/cm ~I 7 5 ° C .  The v a l ue s  in  t h e  S pc r ’cs ’ m ; t  o xi c  and

20 p e r c en t  an o x i c  e lu t r iat e s  we t ’ s’ below t h a t  s a t  t h e  site Si t en’ .

Plop test specific cond uc t S l i s ’s ’ v a l u es J e~’r’e~l So5! t o  , t h ’ ’m ~t t h e
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2 . 5  to 30 mg / k g ,  2 5 7  to ~87 mg/kg , 2~~2l to ‘1 ,77 mg/kg , and
.m~5 to S7~~5 mg/kg for chromium , nickel , copper , mercury ,
and arsenic . The highest  cadmium concentrati on was found
in the Bay Ridge Channel sediment (6.9 mg/kg), and the lowest

was found in the Perth Amboy Chann el sediment (1 . 7 m g / k g ) .

In summary , of the three sediments , the Perth Amboy
Anchorage sediment was found to be the most heavily contami-

nated with heavy metals . It had the highest concentration

of  seven of the ten metals determined . The Bay Ridge Channel

sediment had the lowest concentration of f ive  of the ten

metals and the highest concentration of two . The Perth Amboy

Channel sediment had the lowest concentration of four meta1~
and the highest concentration of one .

Table L1 32 presents the soluble heavy metal concentra-

tions of the site and e lu t r ia te  waters from the elutriate
tests run on these three sediments. The largest release seen

was of iron in one of the Bay Ridge Channe l 20 percent oxic

tL’sts. Smaller releases of iron were also seen in the tests

with the two Perth Amboy sediments. Manganese increased in

some tests and decreased in others . Zinc and copper concentra-

tions decreased.

Only two of the Perth Amboy Channel tests showed re-

lease of large concentrations of iron. The site water con-

tained 8 pg/i iron , one of the 20 percent oxic elutriates con-

tained 689 pg/i iron ,and one 20 percent anoxic elutriate con-

tained 2~~8 pg/i iron . Theit’ duplicates and the 5 percent oxic

elutriat es contained from less than 5 to 32 pg/l iron. The

Perth Amboy Anchorage site water had the highest iron concen-

trati on of the three , 22 pg/i . The 20 percent oxic and anoxic

e l u t r i a t e s  ranged in conce nt r a t ion  from L~8 to 161 pg/l . The

plop test waters contained 82 and L
~5 pg/l iron. The 5 per-

cen t elutriates contained 25 arid 11 pg/l iron .
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‘The B~1\’ f i d ge ~‘h, u in e l  s i t 5 ’ \V’,~~t5
’s i’ iron concentration

was 8 II ,t ’,/ I . The 5 I~Ot ’ s ’elit  o x i c  c iu t  r i ~ites showed some release

11 t o , ‘~ ~i 1 , l ’ 5 i t  t h e  2 0 p&’~’Ceflt OX 1 C and  an o x i c  t e s ts  showed
the  h i~ ’h~’s - o ’i ease , 0 7 0  an d  1081 p g/ i  i n  the oxic eluti’iates

a n a  1100  an d  1300 ~~~~ i n  t h e  ,m ox i c  e i u t i - i . i t e s .
B l v  R i ~1 ’  C h , t n n e  1 oxic’ e iut i ’ j ,i t s ’ t e st s  al l  i’ & ’su i t ed

in .1 d~~ C t s ’s , i~~ ,i’ i n  man g a ne se  fr om t hat  h e ’ s ’s en t  Ln the s i t e  w at  el’
L’s t t h e  2 0 ~ s ’PC ’ C t i  t a nox  Ic  t~’ a t a a h ow ed  aemo rel  ease (93 and

1, c ’ c 5 !:i~’ai’ed t o  t h e  S i t o  w at er  s’Ofl ( ,’c’ rvt t n t  i O n  of  4 4  p g / i)  -

I O f ’ t Its ’ i ei’t l i ,-\rnl ’o\’ C h , t l t l i e l  te sts bowo~ sm,i i I t’eleise s

w th  no a pp a r e n t  .~t t ei’n du5” t o  ty ps ’ of ’ t e s t  or v o l u m e  of  sed i —

r u s t .  I l ~e s ( C .’ w at e r  S ’ o n t a L f l e C I  is’~~~ t han  10 p g / i  m a n gan e s e

( d 5 ’ t e c t i C ’n i nr i t ) ,  an ~ I the elutr i ,ites cont ain,.’51 f~ om 10 to 5?
pg /i nslns ’, tnese . The h~’ I i , t v i oi ’ o f  m a r l / ’ , ln e s s ’ in the Forth Amboy
:\nc l I l ’aC ’, & ’ t es  ts wa~ ~ U i  t e et ’T ’11 t i  s~’ - The s i t ~ ‘ wat e r  conta  I ned
38 pg / i , a n i  the c l u t t ’ i  i t s ’s c o n t a i n e d  f rom less  t han  10 to
0 4  pf,/l ui~~~~~~ ’s- e ‘[‘here was  i ’el ’ ’ase  in  erie of  t he  5 p er c e n t

O X i s . t e s t s,  ~1ecr ’e,ises in  the  20 ~‘ei ’ s ’s ’nt ox L c  t e s t s , md i’ s’I c i s c

n one  m d  de5 ’r’ ,’a 50 in the o t h o r  i u u p  1 i c~i to of the  2 0 pe rcen t
an oxic  and p (o~’ t

Fl  no and  copp er ’  C l e c i ’ e, m s c d  or r e m a i ne d  u n e h a r ’ f ’, s’CI ifl
-ill t e a t s .  S~ t~e w ,m t s ’i’ ‘~‘ - u i c e r i t ~’at  ‘em ~~t u r i n e  i’ ,me, ed f rom less
t h an  one  p g / i  (detection 1 i.ni .i t ) t o  7 . 4  ph / l , and e l u ti ’ i a t e
le ~‘e i s  r anged  t rem less  t han  on~’ a 2 - 0 p g/ i  - Copper  c o n c en —
t rat  ions  in the  three a [t o  wate r s  i ’ m n t ’ed from 3 . 6 t o P - 0 p g/ i ,
an s ,  e lu t r i a t e  c o n c e r t  t’r ’ , m t i o n s  ranged  from 1 oss t h an  I to  2 - S pg / i

Cadmium s ’ O M C C I i  t s it  i o n s  were below the detection limit

(0. 5 pg/i) in~ all  h i v  R I  dge Ch an n e l  and For th  Amboy Ch an n e l
eiutria t ea  , :mnd in P e r t h  Amboy Ancl ioi ’ag ’ site wats’t’ . There was

release  of cadmium i n  the 5 p e r c e n t  ox i c  I s’s t s  t or ’ P e r t h

Amboy Anchorage sediments (0. 7 and 0 . 6  p g/ i , r e s p e c t i v e ly ) .

l e a C h  concentra t i o ns  were below the detection l i m i t  of  I pg/i

in the ‘ e ’r ’t h  Amhov Channel ansi Anchorage site and e lu t i ’iat e
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site water cont~Uned 2 pg/i arsenic and the two anoxic eiutriates

contained 16 and 13 pg/i arsenic . One of the heavy metals tested

that showed substantial release was iron . Occasionally , there

was some manganese and mercury release. All of the other heavy

metals examined showed little or no change as a result of s’lu-

tr iat ion.

N it r ’ogen Compound s
The ammonium and organic  N data  for the Bay R id s , e

Channel  a nd Perth Amboy sed iment s  co l lec ted  are p resen ted  in

Table 4 33 . Co ncen t ra t ions  of both compounds in a l l  three
sediments were high compared to many other study sites with

the Perth Ambov Channel  sam p le showing  the  h ighes t  c o n c e n t m ’ .,-
t ions .

The n i t rogen compound c o n c e n t r a t i o n s  for  the  T’ t ’ s m ’ t l i
Amboy Channel  e l u t r i a t e  t e st s  are p resen ted  in Table 4 3 4 .  ‘i’b’ te

ar ’,unot t ium relea se f rom t h i s  s e d i m e n t  was considerably h i g h s ’s tha n
t h a t  obta ined from most o ther  sediments  s t u d i e d  fo r  t h i s  re-
port . However ’, it should  be noted that the site water amm onium
concen t r a t ion was somewhat h igher  than tha t  t’, s’n s ’m ’ai ly  o h a e u \’ed

i n  w a t e r  samples  f rom o the r  s i t e s .  Ammn onium i ’els ’s a s c’ was h i g h e r ’

in th e  o x i c  s”l u t rj a t e s  tha n in the anoxie  c l u t r ia t e s  a r t - h  i n  the
h igher p ercent  s e d i m e n t  e iu t r i at eu : r , the  h ighes t  v a l u e  f o u t u l

(33 mg N/l)was f o u n d  in  one of the  r e p l i cat e s  of a 20  I’~ ’s m’ s ’ent

oxic r ’~’;’l icate  - C’o r r s ’ s ’f lt l ’ a t  ions were higher u n d e r  ox i c  s’ott5!i—

t ions and w i th the greater pe’t’ct’nt sed iment  vo lum e . N i  ta,i t c ’

co n c e nt r ’j t  ions  ~1ecm ’ s’, m a e d  in a l l  e l u t r ’  i ,m t s’s e xc e p t  in  t he  S po t ’ —
cen t  oxic A elutriat~’s where I t was u ru ’ h u , m m a ’s’~1 f rom t O u t i n 11:”
site water .

Ni t I’~ ’ ’ e r :  ~ 0t uij ’ s ’u i t d  cof1ce11tr’~1t j o l t :  I ’ m ’  t i m e  P e r t h  ,‘\ t :tb ’~-v
A i m c h o i ’ a 5 ’ c ’ t e s t s  , im ’e j’t’èS~~fl t c’d in T ab le  ~t 3 5 .  F i t s ’ s i te  n , , t e m ’  mm::—
f l l 0 n i C l i t  c o r , c e n t r ’ , i t  ~~5 ’ I i  WdS , il- 5 -:,t t h i ~ s a m u u e  , m: ~ t i t , I ~‘h - : u s’ r , v s ’O i n  t i t s ’

channel  S i te  w a t e r - , v, ’ I a : : uu : : ou t i u m t ’ c ’l t ’ , i u u s ’ is’ , IS  , I L ’ O ’ , i ~~ h a l t  t h a I
found  in t i r e  I’ s ’r ’ t h  :\:: ,b ’~’v C h a f l U c i  I s ’S I s .  I ’ m ” ’  a l a . ’ . t he h i g h —
est release Was  o I - t , u i i t e h in the  3i) ps ’t ’ c s ’ I I t s ’ N t s ’ c ’ l : r t  r ’ : d t e S .
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Tal.’le 4 3 5

N u t  t ’o~~c u i  Compound Concenti’ati ens: I’ ssr th Aniboy A r r c l t o r ’ ~I$, s’
E lu t ri at e  ~m i m d  Plop ‘i’es’ts

( m u s s ’, N / i )

S~im:up le O t ’ 5 , , m l i i c  N Aflhf tlC ’lll Ulrm Nit rate

Des I , f l . I  t i c ’,: X 3D 1< 3D N SD

Elur t r ’i , l t e  ‘Jest ’ s
S i t e  N h r t e r  A 0 . 2  0 . 0 14  0 .~~3 sl .0.’ 0 . 1 4  0 . 0 1

S’S Ox i c A 0 . 6  0 . 11, . 00  0 . u ’’,u 0 . 1 2  0

B 0 . 7  0 . 10 r .140 0 .1.1 0 .11 0

_‘ S0~ - Ox i o  ,‘\ 1 .5 0 .  1,1 ~6 0.  21 11 . Ut .~ 0.

0 1. 0 0 . 00 o . o :  0 . 0 0  0 . 0 1

2 3~. ,‘\ :t o x i c  ,\ 0 . 3  0 . 31 1 :1 . 0 ’  L1 . . 2  0 .  0

O 0 . 0  0 . 1 0  6 . 70  0 . 0 :1 0 . 1  0 . 0 1

t iop I C: t  t s

S i t s’ W~~t s ’ t -  Ii 0.2 ,1 •3,I L1 .Ii S 11.01 0 . 2  0
I’ lop ‘i’es t A 0.  0 .  0 - ’ 3 . 0 ~t 0.  0 m m 0 .  ,‘

B 0 . 0  0 . L l 0 3 . 3~ 0 . 0 2  0 . 1 0 . 0 1

i r i s !  B ~itS’  t ’ s ’I ’  I I ‘ .m I e:: —

N5 ’ . i t t  an d  : 11  a r m d ~ i r ’ ~ h 5lev i u~~~ u , : t  c S i  I c t u l  at  ~n. i t s  i u r s ’. .1st’ 1 1 s m  1 , ’ a si 1 \‘ :: , ‘ : : -

I t ~; 1 

‘

~~~~~~~~ L”-



—“4-..- - ‘-‘ 4---’-” “-- — --4-—’ --- 
—U’

The r e leases  in t O s - . i t r o x  I c t e s t s  i~’~’ r - ~- les s t i t a n  th ose i i :  t he

20 ps’ rcs :-nt  oxic s’lu ti’iates hut hl ,s’, I i s : I ’  t h an  I Im oss :  i n  I ho ’ 5

~‘smt’cent oxic elutriat~’s. ‘I’he ammon i  Urn r e l ea ses  I r ’or li t he  pies
tes ts were le ss th~rn those f c u r s d  in the 5 p e r c e n t  s ’ l u t r ’ i  a ts - s  -

N i tr at e  d s u c i ’ e , u : u e d  ;ms a r e s u l t  o t ’ elu t t ’ i a t i o r r  fo r -

,ull the elutriatsu teat samp les . Plop t es t  concenti ’at  i - r i o
m’~’semhleJ that of the si Ic water. The results fm -cm tire 5 p er ’ —
cent oxic samples closely ;ipoi r’oxima’ted the results fr o m  t h e

plop t e s t s .  O r g a n i c  N c o n c e n t r a t i o n s  in the plan tea t’ s.mrr’.sies

were somewhat lower -  t h an  in the  5 percent elutriates. ‘
~~ m o e  n—

trations were higher in c’xic t han  in an-axic elutr ’iats ’s.

The nitr’o:’ers compoun d concentrations I’or t h e  Dcv

Rid ge C h a n n e l  e lu tr i a t 5’ tests are presented i t :  Table 1436.

Ammonium r e l ease  was  less t h a n  that obtained ft’ont the other

tw o  sediments , aithousgls all three site waters Huh ccr: ipar .ul ’le

concentrations. The Bay Ridge Channel ts ’~~t~ a l so showed ‘the

u/ . m e  c, ens ’m’d ]. p a t t e r n  or  higher ammonium t’,’lease u n d e r  c x i  c

conditions and n i t 1 m  a h h e r ’  se d i m e n t  p e r ce r r t a~ , e. N i t r a t e

concentrations decreased to a sim ilar extent in 20 percent

oxic , mnd artoxic elutriates. Again , very  l i t t l e  d e c r e ase  i n

n i t r a t e  c o n c e n t r a t i o n  was observed  in the 5 pe rcen t  t e s t s .

Or g a n i c  P showed h ighe r  c o n c e n t r a t i o n s  u n d er  anox i c  co n d i t  l o r i s .

It was rio t po s s ib l e  to d, ’ t e t ’ m m i i n e  the effect of the s e d i m s c r ’ t

v o l u m e  cmi  o r g a n i c  N c o n c e n t r a t i o n  because  of wi d e  ~‘a m ’ i , r t i on

in the d u p l i c a t e  5 p e r c e n t  -t e s t s .

Pho~ phorus  Compounds

Prese nted  in Table 4 7  are I -l ie total phosr’hor’:is

concentrations of the three New York al’s’a dredg ing s i t e

sediment samples. The I’ erth Amboy Channel and An ch o t ’ .m g s ’
sediments contained about the u uaf l i e  concentl’atlorro of phos-

phorus. The concent r’a t:iotr in the Bay Ridge sample (1186
mg P/kg ) was about half those in t In’ Perth ,‘\mnt ’ov samples.

Soluble orthophosphate csl’m’rcentr’at ions in Perth

.-\rttboy Channe l  e l ut r i at e s  ar’~’ shown in  Table  1 4 3 8 .  Pup l ica t s’

9 62
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Table 1438
S o l u b l e  O r ’th o p h o s p h a t e  Concentrations:

P e i - t  h .“umi ’cy C h a n n e l  E l u t r i a t e  Tes t s

Sample Soluble Or thoph o s p hat e
D e s ig i r at i 5 ’r i (mg P / l )

X SD

S i t s ’ I’I s t er ’  0 . 2 5  0 .0 0 1

5% Ox i c  A 0 . 0 1 4  0
II” 0 . 0 1 4  0

20 % C’xic A 0.11 0
B 0 . 0 5  0 I’

20 % A r i o x i s  A 0 . 3 2  0 . 0 0 1

B 0 . 7 3  0

Necu: and ~~ta: i .1ci’d deviation were calculated from duplicate
, r n , i l v u , ’s of O t i s ’ ~I ,mrnp 1 e

5 perc ent o x i c  t e s t s  c m - t O o  P conce n t r a t ion s  sho wed good repro—
d u c i b i i i t v ;  the  2 0 percent  sediment  t e s t s  did no t .  In gen-
eral , the oxic tests showe d  dec reases of  soluble  or tho P as a
result of elutriation. Ocitcentrations devi’eased f rom 0 . 2 5  mg

P/i in the s i te water’ to 0. JO  mg P / i  in the 5 percent  e l ut r i —

ates and to 0.05 and 0.11 mg P/ i  in the 20 percent oxic elu—

tr ia tes .  As S h o Wn  in Table 4 2 8 , D . O .  co n c e n t r a t i o n  in the 20
percent oxic B test both after mixing and after settling, was

greater than that in 20 percent oxic rep l icate A.  Al though
the difference was smali (1 to 2 m g / i ) ,  it might have infiu-

enced the amount of  o :’thop hosphate  decrease reali.ed. The

anoxic tests showed release of soiuble orthophosphate.
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Table 1439 presents the soluble ox’thophosphate con—
‘centrations found in Perth Amboy Anchorage site watar arid

elu t r ’iat e s .  The s i t e  water  ( 0 . 14  mg P / l )  had a lower ’  c cn c e n—
tr a t io n i  t h a n  did the  Per ’hh Amboy Channel  w a t e r .  The 5 percent
oxic elutriate test showed a decrease in so iuble  ortho P;  the
c’enc~-’u i -t r c t ion  in these elu t ria t e s  was 0 . 0 5 5  mg P / i .  The 20 per-
cen t  ox ic  and the plop t es t s  showed about  the same re lease  of

a l u t’i e  or tho P. Thei r  c o t :c e : rt i ’ at i o ri o  r a n ged  f rom 0 .  2 3  to

0. 06 mg P / i , r e p r e s e n t i n g  ap p r o x i m a t e l y  2 to 3 — f o l d  i nc reases

over ’ t h a t  of the si te  w a t e r .  The gr e a t est  r e l ea se  was f ou n d

uu’.Jer anox ic  c o n d i t i o n s .  C o n cen t rat i o n s  in the a n o x ic  e l u —
t i - l at e s  wcr ’e  abou t  14 mg P / i .

Of the  t h r e e  N ew Y am -k  dm’e~1gi r~g site w a t e r ’ s  analyzed ,

the  Oay R i d g e  C h a n n e l  s it e  w a ter  (Tab le  4 1 4 0 )  had the l o w est

o ou : ce n tr a t i a r ’, ,  0 . 0 0 0  mg P / i .  The effect of 5 p er cs’nt o x i c
el -5 ut r i a t i c t m  on sol ub le  o m - t h o  P cot i c en t l ’a t iot / s was ur iL ’leam’ .

O at h  r e pl ic a t e s  sho m~’e5! d i f f er e n t  p a t t e r n s .  The d i f : ’5-’ r eu i c e  in

e ~‘atm’iate concentrat ion s  d 5 1  r m o t  a pp e ar ’  to he r e l a t ed  to

~‘xv~~en ccn d  i t i  a r i a  d u r i n g  the  t e s t .  Since  c o n c e n t r a t i o n s  in

he r ev b u s  New York 5 percent oxic eiutriates wet’’ typically

lower’ than those in the 20  p e r c e n t  oxic  t e s t s , i t  is l i ke lv

t h a t  the  5 p e r c e n t  o xi c  B ~‘clue may be in  er ro r .  Th e re

.i~~~~C d t ’ C s i  t o  be .m decrease in so luble  o r ’t h : op h o s p h at e  as .m
res u l t  of 2 0 percent oxic d u s t t’i , sl ion. Anoxic el: u I - ri at ion

s how e d  r e l e a s e  of s o l u b l e  ar t  ho P to abou t  1 rug P / i  i t: the

e l u tr  i-mte .

Or g a n i c  C o m p o u n d s

T a b le  + 1 4 1  p i ’eas’n i t s  the  r e s u l ts  of c h i or  I pa r ed

h r\ - , l t - oc , i  t hor :  pe St  ic ides  an si i’C B a n u m  1 t ’ss ’ : ; on P e r t h  ,-‘e-il ’ .’\’ -, ’ h t r i —

nd sedimen ts , site wa t em ’s , and e l u u  t r ia tes - A l dr i n , pp ’ ’ P2 1’ ,

pp ‘ DD D , op ‘DDE , pp ‘ D D E , d i e  I J ’ ’in  , h e p tac hior , 1 ni t r i c , ari d

P C B s were  de tec ted  In  the  s e d i men t .  The concentra t jor iut 0 1
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Table 1~14l

Ddta for Organic Compounds and Related Parameter’s:

Perth Amboy Char’mnel F.lutriate Tests

Parameter Sediment Elutriate

(p g Ik~
’Y” (n g / 1)  ‘Gi~7i) 

-____

Chlorinated Hydrocarbon s:

Aidrin 13.3 <0.6 <.0.6

op ’DDT <1.6 <3.0 <3.0

Pp ’DDT 2.0 <3 .0 <3 .0

OP ’DDD <2.0 < ‘2.0 <2.0

PP ’DDD 38.2 < 2 . 0  < 2 . 0

op ’DDE 9.6 <2.0 <2.0 0

PP ’DDE 16.3 <2.0 <2.0

Dieldr in  13 . 1  < 1 . 2  < 1 . 2

E n dosu lfan 1 < 0 . 9  < 1 . ?  < 1 1 . 2

Endosuifan II < 3 . 1 4  < 4 . 4  < 4 4

E r idri r .  < 1 . 2  < 1 . 1 0  <1.6

Hep tachior 5 . 9  < 0 . 1 4 ’~
Li nda ne 5.~ ~~Q~~3r’r < 0 . 3 *

rc~ 
] 07 8 < 1 0  109

O the r  Organic  Compounds ( m g / I )  ( m g / i )

Oil  and p ,’ease 14 0 14 ’i m g / k g  “. 0 . 5  -
~ 0 . 5

TOC ‘1 . 5 %  19 ‘+ 8
So 1 ub I e TOC — 11’ 30
‘l ot .i i In o r ga m i  i c t ’am ’hon 0 . 3 % 2 2  14 7

So I ub i t ’ TIC — ,‘ ~ 4 7

t r u t h  ( — )  j n d i~ ’, i t s ’ u :  r i o t  i~ ’pl ~ e a h i s ’ .

*( ‘~~t n t I~t f l d is’ I” - ’ t t n t  on l s ~ t i m  col m i m n m ;  b i t t  l ’eiow i i , ’ I t ’c t i err 11 i mmm i I -
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p , - s i  ic i d e s  i’ ,irw , s’i from 2.0 pg/kg pp ’DDT to 38.2 pg/kg pp ’ DD D .
‘IPso c o n c e n t r a t i o n  of to ta l  PCBs was 1078 p g / kg . The o i l  arid

g i ’ ea - :e  concentr a t i o n  was ‘+ O ’+ ’i ni~’, /k g  and TOC was 3 . 5  percent  -
In t i m e  S i t e  w. r  t o t ’ , on ly  h e p t ach lor  and I i p l ane

w e re  d e t e c t e d , h u t  they  were i:s ’iow measurable  q u a n t i t i es .
‘fime TiC was 19 mg/i ar i d  the soluble  TOC was 15 m g / i .  O i l
and grease was < Q • 5  m g / i .  There was no re lease  of p e s t i c i d e s
d u r i ng  the e l u t r i a t e  -tes t t’ut there was a release of PCBs .

t h e  cou’scentm’ui t ion of PCB:i was 69 ng/l , and there  was a cor—
r e sp on d i n g  i n c re as e  in so lub le  TOC to 39 m g / i .  The TOC was

‘ 14 m g / i .

A 20 pe rcen t  ox ic  elu tr i a t e  tes t  was run on Per th
Amboy  A t i o i i o m ’ mge  s amp le s ;  the  r e s u l t s  of the a n a l y s e s  are p r e —

t e n t e d  in  Tu m b l e  t} L4 ”t~~ A idr in , pp ’DDT , pp ’ DDD , op ’DDE , pp ’ DDE ,
di eid rin , hep tachio r , i i nd an e , and PCBs were  d e t e c t e d  in t h e
sediment . Pesticide concentrations ranged from 1. 0 pg/kg

( - .h i  o ld r i n)  to 19 .3  t m t ’, / k g  ( a id r i r i ) 
- T h e  PCB va lue  ( 1760

p g / k g ) was s li gh t l y  s i g he r  than found  in the Perth Amboy

C h a n n e l  :- t ’ ’d I m e r i t s  - ‘“
~ a ii  , ,n ~i gr ease  level  was 2091

mg/kg which was about hti] I the v a l u e  f o u n d  in the Perth Amb oy
C i t r i m i e l  u ;e d i m en t s .

I’hc W~~ t e i ’  c o n t a i n e d  no tOt: I e c tu mb i e  pest  i c ]  ( is ’s b u t

PCB s we” o  p r e sen t  at a c o n ce n t rat i o n  of 17 r i g / i .  D u r i n g
the e lu t r i a t e  t t ’: -;t on t h i s  sampl e , pesticides released were
pp ’ DDD ( 2 0 . 5  n g / 1) , pp ’DDE ( 5 . 3  n g / l) , h e p t a c h i o r  ( ‘4 .5  rig/i) ,

and l indane  ( 4 . 6  n g / l ) .  PCBs (81 n g / l )  were also de te c t e d

in t h e  e lu tt iat e .  The TOC was B mng/ 1  i n  the s i t e  wa te r  and

27 mg / i  in the e i t mt r i a t e .  The so lub le  ‘2CC showed a sl i g h t

increase  f rom 7 m g / i  in the  s i te  w a t e r  to 10 m g / i  in the
eiutri:tt ,e .

A 20 percent  ax i c e i ut r ’i , at e  t e s t  was run on Bay

R i d g e  Channe l  samples .  Table 4 1 4 3  shows t h a t  a l d ’m ’ i n , pp ’DDT ,

pp ’ DDD , op ’ DDE , pp ’ DDE , h i e p t a c h i o r , i i t i d . m r m e , and PCBs were

t,ed i tt t he  sediment . The conce r t  I t o r t  i ons  of these compounds
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Table 4-’42

Data for Organic Compounds and Related Parameters:

Pe r th  Amboy Anchorage  E lu t r iat e  Tes t s

Parameter Sediment 
, ‘i te  E:lutr iateBate t’

— (pg/kg) (ng/1) (ng/l)
Chlorinated Hydrocarbons:

Aldr’in 19.3 <0.6 <0 .10

op ’ DDT < 1 . 1 0  < 3 . 0  < 3 . 0

pp ’ DDT 14 .0  < 3 . 0

op ’ DDD < 2 . 0  < 2 . 0  < , ‘ .0  P

PP ’ DDD 1 7 . 5  < 2 . 0

op ’ DPE “ 2 . 0  :‘t 
~ ‘ Q

PP ’ i’PE. 2. 5 <,‘ .O 5.3

I ’ie ld r i n  1.0 ~l .  2 < 1 . 2

E n d o s u i f a n  1 0 . I )  <1 . .’ “ 1 . ?

Endorulfan fl < 3 1 4  ~ L4 i i < 4 4

Lr m dr irm “. 1 . 2  ~l . f  -‘ . 1 .6

H€ ’ ; ’t a chlo r  3 . 1 4  “. 1 4 4  14 .

i~ nd ar r e ~~~~~~~ -‘0 .3

J ’CIt l 7 t - 0  17 :-u i

(~i h r  (J r’rumms i c Comp ound s-  ( mmii ’. ’ I )  ( tt t ~’ 11

011 an d  g rcasc  .‘0r1 l mr :i ’ ,1 kt ’, i1 .~,’ I

TOC 3 . 1” - 14

I C ]  u i - i t ” TOC — -/ 1( 1

ia a 1 1 m m c m  ‘g an  i c C m  r i ’s r i  (1 - 2 l~ 2 , 1 3 2

Solul.’im , ’ TIC — ‘ , ‘

I , s S h  ( — )  i m s i i c a t m - u  f l a t  iJ )pilL ’li’lt’ .

~ C o m p ’n : n s - ~i ( I t - t e c t t ’ LO a r t  b o th  co lumns , ir e in - Ic ’ ’.--’ t t o  5I ~ - t t ’ . - r i or I i n m i t
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were 22 .7, 66.0, 47.0 , 4.4 , 13.0 , 114 .13 , 16.7 , and 1820
Pg /kg,  respective ly. The oil and grease value (8 26 mg /k g)
was considerably lower than that of the Perth Amboy samples ,

while the total organic carbon (3.2 percent ) was about the

same . The site water contained aidrin (9.2 ng/l), l indane
(5.0 ng/1), and PCBs (8 ng/1). The oil and grease concentra-

tion was below the detection limit of 0.5 mg/i. The TOC was

15 mg/i and soluble TOC was 9 mg/i. In the e lu t r ia te, pp ’DDE
( 5 . 2  n g / l) , heptachior (5.3 ng/1), and PCBs (86 ng /l) were
released. The aidrin concentration was reduced to below the

detection limit (0.4 ng/i), and the iindane concentrat ion
(4.5 ng/1)remained about the same as that in the site water.

The oil and grease concentration was 4 mg/l ,and TOC and soluble

TOC increased to 79 mg/i and 62 mg/i , respectively.

Bioassays

Sediments collected form Bay Ridge Channel , Perth

Araboy Anchorage , and Perth Amboy Channel were also used for  elu-
triate test bioassays. Based on the results of the eiutriate

test bioassays conducted on these sediments , it was deci ded
that a second set of sediment samples should be taken f r om
Perth Amboy Channel to determine the effect of sed imm t-nt samp le

Variation on bioassay results.

The physical and chemical c h a r a c t er i s t i cs  of the
elutriate test bioassays on Bay Ridge Chann el sedi men t s  a r e  p m ’ s’-

sented in Table 4414 . The data presented in th i s  t a b l e  reveal
increases in turbidity and ammonium content and a reduc tion in

DO .  and pH in both the 5 and 20 percent sediment tests. The
release of aminonium to the bioassay e l u t r i a t e  waters  r m n 1 ’, ed

from approximateiy  5 mg / i  in the 5 percent tests  to over ’
7 mg/i in the 20 percent tests. Increases in turbidi ty were

observed in both the 5 and 20 percent tests and ranged from

75— 80 NTUs . The pH of the bioassay elutriate waters decreased

as a function of the percent sediment used. Decreases in D.O.
content ranged from 3.5 to 5.7 mg/i in the 5 and 20 pores-nt

sediment tests , respectively, indicating a hig h ox~’gen d c n i a m ~d .
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Table 4~ 3

Data for Organic Compounds and Related Parameters

Bay Ridge Channel Elutriate Tests

Parameter Sediment Site Elutriate
Water

(pg /kg) (i-mg/i) “Cng/l)
Chlorinated Hydrocarbons :

Aidrin 22.7 9.2 <0. 4

op ’ DDT < 1 . 6  < 3 . 0  < 3 . 0

PP ’DDT 66.0 < 3.0 <3 .0

OP ’ DDD < 2 . 0  <2.0 <2.0

pp ’ DDD 4 7 . 0  < 2 . 0  < 2 . 0

Op ’DDL ‘4 . ’4 < 2 . 0  < 2 . 0

PP ’DDE 13.0 < 2 . 0  5 . 2

Dieldrin <0.8 < 1.2 < 1.2

Endosulfan ~ < 0.9 < 1.2 < 1.2

Endosu lfan 121 < 3.4 <4.4 < 1 .2

Endrin < 1.2 <1.6 < 4 .4

Heptachlor 14.6 <0.4 5 .3

Lindane 16.7 5.0 ‘4 .5

PCBs 1820 8 86

Other Organic Compounds (mg/i) <mg /i)

Oil and grease 826 mg/kg < 0 .5 ‘4

TOC 3.2% 15 79

Soluble TOC - 9 62

Total Inorganic Carbon 0 .4% 22 39

Soluble T I C  - 21 39

Dash (-) indicates not applicable.

970

— _ _ _

~~~~~~~~~~~~~~~~~~~~~~ ‘~~~~ t’ -a W~



>‘
4-’ - -’
-H 0
c c  C) C) , .-t C) C)

- ,‘-t ‘—“ - - Sn “. ‘ “5 - - - C,

,-‘-‘ O
a)—’

C,)

- --4
— ‘- ~t) C) C) C’

- --4 1--’ V \ )“ 0) -,
5 ’

1-. ’--
p

1-’ 5”

‘5~
tr U)

4-,
N - H —, ‘ - ‘  ,Yt 5’-- ~~‘ r—

C) C) C’ C) at C) —4

o C ~U C) C) C) C” C’ C) o
V V ,~~

~~-sI ’-- ni
o
a)

-H
0

55) 11) ,_,4 , 4 ,___ ~~ 
n (N a 0) (N 0

o ~ C Z C’ C) 0) (5) ~‘-4 -~
-H 4 ’  4-’ s ’S — - - -

4-’ -ml 0 e Sn) C) C) 5)’ ,f) c’-’ (—

~~~~~~~~~ E~ -
~~

p ‘‘  41)
1 N

a )—  O P
>, ,~ ~ 

C) C’ C) C) Ct C’
mt ‘~ , ,~ —,‘. 

C) C’S C:) C) C’ C’

~H 4—’ ‘5 C’ (-~ C’ ‘ ‘ • a -o
Sn .‘ .‘ - O 41) 4-r N C”J ‘N t”' ~‘ O 4 - t 4-’

H 0 
~~~~~ 

Cr ~~ Cr -~ Cr -H O r b
41) a)~~~ c n c : ’  p -H
H ~ c — -’ U) W O
C’ -H o cm. 00
5 ) 5  ‘-‘ ~ 0 5/)

4— a) ~
‘ --‘ br) - H U )

5, ~~ 0
-
~~ 

: 0 •H ‘5) ’5:5
U,) H P0

a--’ 4-’~~~~
0 0 ,~- 4 a ) I C~~~~’ ~t ” I

a) “. c’-- r— m “ H ,-t (4) (
~ -H

H ~~~ ( 1 X 4 2) 0
-H O~ -4 P O r b

o ~m
-H
Sn -

~~ ~~~~~~
5) a) a)

‘ “5‘.- o p
O r b

- H P
(4-4 P 0o 4-C’4-s

~~ c’—i c’J Co r— u-s ,j)

CO CO t -  C— C-- C-— p 5
S a) a) H

() >4 _u
•H 4-’ rb rb
H a) (4) 4-’
0. Sn

0
P 4 1 ) 0

~~~ -H Sn
C a) mm cm-0
H < m ~~ ‘ni c)  —ni rO a) H-H

b U H a )
~‘ 4 W  H atm c n i ,o
o,~~~ ~ -H P
E ba  

~ - 0 0  P a )
~~ ‘H a-~ ~CJ) Sn 0 a) (4)a) 0 ttt’ C)
C:) U - ~4) (‘4 .xI -mr .45

972

_ _ _  
-



9 5 9

The r e s u l t s  of the  b ioassay us in g Bay R idge Channe l
sediment elutriates are presented in Tabie 445. E x a m i n a t i o n  of
this table shows variable results for the 5 percent sediment
tests with mortalities ranging from zero to 50 percent at the
end of 96 hours in the r ep l i ca te  tests. Limited toxicity was

observed in the 20 percent tests with a single organism dying
in one of the replicates. Based on the highly variable re-

sults in the 5 percent sediment tests , these results should be
considered invalid .

Table 446 shows the amnionium content of the bio-

assay waters at the comp letion of the 96-hour test period.

Examination of the data presented in Table 4 4 6  shows that the

ammonium content of the controls and those tests which utilized

a 20 percent sediment of total elutriate volume increased

whiie the 5 percent sediment tests showed a decrease in am-

monium content during the 96-hour test period.

Table 447 presents the concentrations of D.O. in

t he bioassay elutriate waters from Bay Ridge Channel sediments .
The data indicate that the one-hour aeration period fo l lowing
se t t l ing  was not su f f i c i en t  early in the test  period to keep
the level of D . O .  above 4 mg/ i  in the 20 perce nt t e s t s .  Sub-
sequent aeration periods were incr eased to two ho ur s per da y
to ma in ta in  a D . O .  concentra t ion  greater than 4 mg/ i  throug hout
the 24-hour  aeration cycle .

The physical and chemical character is t ics  of the bio-
assay elutriate waters for Perth Amboy Anchorage sediments are
presented in Table 4148. The data show that the concentrations

of ammoniumn and turbidity increased while the pH and D.O. con-

tent of the bioassay elutriate waters decreased. The increase

in total ammonium ranged from approximately 5.5 mg/l in the S

percent sediment tests to 7.14 mg/i in the 20 percent sediment

tests. Increases in turbidity were observed in both the 5

and 20 percent sediment tests with the higher levels of tur-

bidity being observed in the 5 percent tests. The D.O. data
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Table 14146

Anunonium Content of the Bay Ridge Channel Sediment

Elutriate Bioassay Waters at the Comp letion of

the 96-Hour Test Period

( @  20 °C)

Samp le pH Total U ni on ized
Designation Ammonium Ammonia

(mg N/i) (mg N/i)

Control A 8.2 0.06 <0.01

B 8.2 0.07 < 0 . 0 1

5% A 7.8 3 . 1 4 5  0 . 0 6
B 7 . 7  3 . 3 3  0 . 0 1 4

20% A 7 . 5  9 .10 0 . 0 8
B 7 . 5  9 . 3 8  0 . 0 8

Table 4’47
Dissolved Oxygen Concentrations over Test Period:

Bay Ridge Channei Eiutriate Bioassays

(mg/l @ 20— 21°C)

Time Control 5% 20%
(hr ) A B A B A B
0 7 .0 7 .1  3 . 7  3 . 5  1.5 1.1
1* 7 . 3 7.2 6.2 6.3 ~ .l ~‘ .l

2 14 6 . 2 6 . 8  3 . i  2 . 7  2 . i  2 . 4

148 6.0 b.5 4.2 4.5 4 .0

72 5.9 6.4 14 .4 4.4 + .2

96 6.1 6.6 4 7  4 6  4 ]

A and B are rep licates

*Mea suremem)ts  taken a f t e r  f i r s t hour o f  5 m a m ’ 5 m t  i , o m i .
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~‘1’c0eI :t”~ 1 in  T a l ’i i ’ 4~’8 - :;lmow L 1 0 0 m ’ , ’ , l S e O  ~~I1 P . O .  co n c ( - n t m ’ ,) ‘ ‘ IOnS

with at’s’m’ s’spo:mJ 
~‘mC 

1i:~~’ m - ~ ’ ,~~aes  :n pc ’m ’C en t  saC i i::- ’nt of t - ” f  i l
I n  t s -  i a a ‘, ‘

~~~ :; ::me • he k ’ : ’ ’ ’ , i a e s ‘
~ ii D . 0 • r ang a U i i’ ’ ’IC 1 . 0 i::~ / I ii

the 5 ; - “ : - c ~ ’! I t  Se~I i r o e n t  teat t,’ 5 .5  m a / i  in t h - - 20  ps ’ m a - i ’ nt

: 5 ’ ,,’:: tea a .

i’he i ’ ,’: a a l t S  ot  t he  hi~’assav Un L)f P . ;s : i ~’, ía a’

hem ’,ii :’ ’, l t’OV ,- \ m s c : : ~~” m ’ i y ,~~’ :e- , i m r ” I ’ I t  e l u t m ’ : , )  I a ire  n m ’ s ’: - ’ - r : 4’ cd i:
,ibjr ’ “C O .  The data  shc”~ I, i r:a~ t ed to~~j city t a  P. L ’ C C , iO ‘ 5 :  IC)

30 p o:’c~’n t of th e  ~‘~ ‘,‘, ,us ama dv :nC in bo th  t h e  5 - s a t  2 0  p er cen t

~1’ ,~ t s  0~~~)(’ t :-~ ,~ 0 f _ l a ’u r  t , ’st p e : ’ : o U . The m ’e a p a n s e  of P.  ‘-b ’, ‘50

i~ds ,  s l i C : I ’tlv a s t o r ’  i n  the  20 p e m ’c e n t  s~”J i m e n t  t’5””- t - s .  ho
CI5,1d ± t 10:1,11 mom -t a  l i t  ±t ’ s ccc ’~; r ’ ned af t ar  0 0 h aa  t’ a o~ expo a ‘a no

T ab l e  450 preaenta t h e  P.O. concontm ’at 10110 o th e

( C J  asav ~‘Slut m i nt s ’ wat er ’s  t hm ’ou h o( (t  t h e  0 6 — h o u r  t es t  pe: 1 cC

1’h~’ 5- 1 - i t , m  s ’.h 5 ,’~ t h a t  th e  o n o — 1 h ’ s I m ’  ,Iem’ati~’rm p e m ’ i o ~1 f o i ] 5 ,”i5 ,’ : s ’, t~~’
m i  t i n  i set t l  Ira ’, p en o~. i~’as not su IC iclent to keep the level

of P . O .  above ‘a m s ’, / 1 h r ’ a u c h c m i t  the  2 1~— h5 ,” um ’  aerat ion cvcl~” 5 01’

the 5 ,‘m n j  20 p~’1’Cs ’ ‘a t  t e s t s  . Cu I ’a e s t i i e n t  a e m a i  t i on  per ’ i o~ Ia ~~~ ~~~

~ncr eased to t w o  h o u r ’ s .  The a d di t i o n a l  o n e — h - ’ui ’ oem ’a t ~“n  of

~he t” i,~’,~a any cia t H a I ’  w i t  erg ,~eems to h a\- e sat  s f i o d  the  ir

~“ x\’~, en dem and of the sad m t -nt  enou~ , h to keep  the  P . C .  Corsce : ’ —

t m a t  ion of the waters above 4 rmia,/ 1 t hro1ich ~’U t the m’ ,-ma r i i n c
2-—h o )) :’ m a r ’ a t  j of l  cy cl e s .

The ammonium c’o r s t e i i t  o l ’ the b o ,rss ,- i v a l ut r i  a t  “: 45:,) t C

a t  t h e  c o m p l e ti  On si t t h e  90 —h ou r ’  t e s t  per ioU are pi’esen I a-U in
Table 451. E x am in 4’rt i on  of t h e  da ta  r e v e a l s  t h a t  t i s o  total ,ii: —

monium cont en t  of the controls  and tha i, of t h e  20 p a m ’ s -a nt  sedi-
m e n t  t e s t s  i ncreased  w h i l e  t he  C’ c m w : e n t m ’ a t  ion of total ,‘, ‘sm~si~’n ii ’~
decreased in the  5 p e r c e n t  sed men t  t e s ta .

Table 452 shows t h e  phys i ca l -na t  ch e n i  cal  ;‘, im ’ a n mt ’ l ~‘na
ot  t h e  bias,tasny elu n ate  w,i I er’s fa t ’  P e r t h  Amt’ov Channel a e li —

ments after’ the one—h oum’ Si ’ t I l i nt ’, period . F x am in a t ~~on of he

d~it 5 - i  show i n c r e a s e s  in the  t o t a l  ammo nj um and t u m ’ t ’ i d  t v  1ev” ls

a nd de c r e ases in pH and D . C .  Cs ’ l m I  an t  a t  t h e  l ’ i o , r s a : , iv  s’I i t t t ’ r a t ~
w a t e r ’s .  The m ’e l e , i , ;e of ainmonium to the  h i 5 ’j iaa , ,v ~‘iri t n a t  ~~‘
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Table 450
Dissolved Oxygen Concentrations over Test Period:

Pe rth Amboy Anchorage E iu t r ia te  Bioassays
( mg/ i  @ 2 0 — 2 1°C)

Time Control 5% 2 0 %
(h r)  A B A B A B

0 7 . 0  7 .1 3 . 2  3.1 1.5 1.3
7 . 3  7 . 2  5 . 3  5 . 7  5 • 4 5 . 9

24 6.2 6.8 2.0 2.3 3.3 2 . 3
48 6.0 6.5 11.1 14.4 14 .2  4 . 7
72 5 . 9  6 . 1 4  4 . 0  4 .6 5 . 0  4 . 6
96 6 .1  6 . 6  4 . 2  5 . 0  4 . 8  5 . 0
A and B are rep l ica tes .
*Measure ments taken a f te r  f i r s t  hour of aerat ion.

Table 451

Animo nium Content  of the Perth Amboy Anchorage Sed~ rnent
El u tn i a t e  Bioassay Waters at the Comp let ion of

the 96-Hour Test Period
( @  20 °C )

Sample pH Total U n i on i z e d
Desi gnat ion  Ammonium Ammonia

(mg N/i) (mg N / i )
Co ntrol  A 8 . 2  0 . 0 6  < 0 . 0 1

B 8 . 2  0 . 0 7  < 0 . 0 1
5% A 8.0 4.35 0.11

B 7.8 3.36 0.06
2 0 %  A 7 . 8  8 . 2 2  0 . 14

B 7 . 9  8 .71 0.18

A and B are replicates.
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w,. i t a r ’s; i ’anged I i on ; approximately 8 mg / i  in the 5 percent

se~Iirncii t t e s t  a t o  .‘O m g / I  i i i  the 20  p e r c e n t  sed iment  tests.
Increases in tu r b idi ty l e ve l s  w a - i - c  ob ta ined  in both the  5 and
20 p e rce n t  sediment t e s t s  with ilIcl’ensed levels rang ing from

50 to 70 N i b s .  The p 11 at ’ t h e  b ioassay  e l u t r i a t e  wa te r s , a f t e r ’
the  o n e — I i 5 - ’ui’ so t 1 i u ’, ~-e 1’ iod , a~ ’~’si a ‘a-si to decrease  w i t h  i n —
ci’ e i sed  sed.ir:itant ps~’i’cont 01’ t o tal  e l u t r iat e  volume . Decreases
in 1) . 0. c0IR’,,’l) t r ~~I 1. ion i ‘,inged f rom 3 t o  ~ m g / i  in the 5 and ‘20

p ei ’oen t  s ed imen t  t e s t s , r e s p e c t i v ely .
The ‘ e suit s  of t I r a  b i o a s s a y  u s i n g  Per th  Amboy Channel

s ed imen t  e lu t r ’ i , i t e s  4.rre pre sen ted  in Table 4 5 3 . The data show
t o x i c i ty  in each r ep l i c a t e  bioassay wi th  mor t a l i t i e s  r anging
[ t o r n  0 to 10 p e r - c e n t  in the 5 p e r -c e n t  sed iment  tests to t~0

percent  in th e 20  percent sed iment t e s t s  for the 9 6 — h o u r  test

per iod.  No mo r t a l i t i e s  wer e  observed u n t i l  a f t e r  P.  pug io had
been expo sed  to the e lu tr ’i a te  w a t er s  in the presence  of the
dr edged sediments [ c t ’  60 h o u rs ; .

The [). 0. c o n c e n t r a t i o ns ;  of the bioassay elutr’iate

w a t e r s  aver  t i r e  9~~-hour t e s t  per iod are shown in Table 4 5 1 4 .

Based on the  r e s u l t s  of b i oa s s45 ry s  on Bay Ridge  Channel  and

P e r t h  Ambov Anchor ’ ,r ” , e elu t r ’iat e s , the  da i l y  ae ra t ion  per iods

of the  b ioassay  e lu t r i a t o  water ’ s u t i l i z i n g  Per th  Amboy Channel

s e d i m e n t s  were i n c r - e a s e d  t o  two h o u rs .  The data  show tha t
the  t w o — h o u r  a er at i o n  per iods  were  s uf f i c i e n t  to keep the
D .0 .  of the bioassay elutriat ,- waters above 4 m g / i .

Table 4 ~ S shows t he ammon ium c ot i c e i r t r , r t  ion 01 the

hioassa~ e i u t  i’i~~te w a t e r ’ s  at the end of the  111 2— h o u r  t e a t  pe r iod .

Cx amin a t i on  of  the 1~i to p r e sen ted  in th i s  t a b le  shows ir I c l ’ t ’as es

in the cont ’ t - - ’l gr ’ ’up  t t o r n  the c o n c e n t r a t i o n s  m e asu r e d  i m m e d i a t e  lv

f o l l o w i n g  the o n e — I r s  ‘ ‘ 511 ’ se t t  h u g  p e r iod .  The am m on i u m  ,,‘o i i c e n —

t r a t i o n s  p resent in the  wate rs  of the 5 and 2 0  pe rcen t.  teStS did

not differ I t o rn the ,,‘oirc entt’ -rtions measured 5i ft e r  the  on e — l t o u i ’

s e t t l i n g  period w i t h  the  e xc ep t i o n  ot ’ the  2 0 po~ ’5- ’s ’ r - t ’ A sample

which showed a decr ease  of a p p r o x i m a t e ly  6 m g/ i .

‘18 1 
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Table 0 54

Dissolved Oxygen Concentrations over Tes t Period:

Perth Amboy Channel Elutriate Bioassays

(mg /i @ 2 0°C)

Time Control 5% 20%
(h r )  

A B A B A B
0 7.5 7 . 4  14 .1 4.7 1.6 1.14

1* 7. 8 7 .8 7 .1 6.4 6.3 5.9

214 7.3 7.1 4 .8 5.1 4 .3 14 .2
4 8 6 . 8  6 . 7  4 .4 4.5 4.1 4.1

72 6.7 6.7 4 .4  1 4 . 4  4 . 0  4 . 2
96 6.5 6 .3 4 . 2  4 .4  4 . 1  4 . 0

A and B are repl ica tes .

Table 1455
Ammonium Content of the Perth Ainboy Channel Sediment

Elutriate Bioassay Waters at the Completion of the

96-Hour Test Period

( @  20°C)

Sample pH Total Unionized
Designation Ammonium Ammonia

(rng N/i) (mg N/i)

Control A 8.2 0.19 <0.01

B 8 . 2  0 .18 < 0 . 0 1
5% A 7 . 9  8 . 6 5  0 .18

B 7 . 9  7 . 7 7  0 .1 12
20~ A 7 . 8  1 9 . 0  0 . 3 2

B 7 . 6  2 0 . 4  0 . 2 2

A and B are replicates.
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Add i t  ion ~t 1 s amp Ii  ng w I t Iii, n t he  l e t ’  t h Arn1 ’~ ‘y t i  t a n n e  I
was c o n t d ’  t ot e d  oil N o v e n l l ’e  r 2 3 , 11) i t ,  - ‘lir e s’d linen t 5at: ;~’ I (.5 5-i’s; ad

iii these  bioas says  we i’e t , r k a -  n . t p  pl ’s ’x ,i ma t ely 1000 1 a-a- t t x ’ s ‘in O i l s ’

onot hei’ iii f i r s ’ rn .i ~n1le 01
’ the Perth AII IhOV s i t , t i r t r e  1. i’h ’ Site 2

sediment was t con; the : ; 5 n n ; e  loc~-t t  l e n t  a;; t i r e  j sr ev i e u : ; ly  t e s t  ad
P e r t h  :\ int ’o\’ :; 5 tm p l e .  ‘lir e loc~~t ia-its at tircs~’ s i t  a-s ire dep icted

in  F’igur’e 1 $ as PA 1, , PA 2 , and l A  3 .

Iii,) b ieo ’s sdys  , ittitia t e d  ot t  Ns ’Vei r . l o ’r ’  30 , r~’ar ’e run  ,ia

de scr ibed  in t i r e  pi ’oced st  i a - a scot  ion w i t h  one ex c e l ’ t  i o n ;  t i r e
l e n g t h  of e x p o s u r e  was e x t e n d e d  t o  in  d a y s .  They  ex t e nd e d  a x —

p o s ’5 t x ’s’ ps ’l’ i ’d W , I 5  ) L I  i i i t 4 i i i i s , ’ 5,i Wi H i s ’ut r ’ t ’j s  1 , l 4 ” s -! : I e s ; t  of t i t a -  w , it  a-c

[ol LoC~’ing the m i t  i n  lit — b o ut ’ exposure . L-’e~ 1 ; i ; ’, i~’ , t ;  in i t i a t~ ,’d

d t t er  $C ~ hou r s . ~‘,n\’ —o l4 ’I A t ’ t e n i i 5 , i  n a up f i i  W e t ’ s ’ t a - s i  Is ’ the s -l ass

~ t r r ’  im~ Ot t  a d a i ly  b asi s  N ’iol’ t o  aera t i on .  l’ol I o w i t tn ’, t h e

m i  ial  1212 ~••irou i,  e xposur ’e  , as’Se ova t~ Ions  of  mar ’ tall t V we i - a -  m ade
a d o i ly  b a sis .

i’
~~hl e 14 5 t ~ p t - a -  sa - I l  s the cheni t i 5 -,’ai Jus t ph y s  Js , ’o I a - b a n —

a ct et ’i s  t i c s  of the  el’s l t r ’ ia t e s  used  in tire static t’ioassavs.

l i r e  ,Ia t a  :-;h ow t h a t  t i r e  I s ’ ,il OflUl iOfl il t f l ’t n i t r oge n  iii t h e  _‘O ~) C l ’ —

c e n t  scsi i nia -nt t e a t s  roi ;~’, a- d t rain ‘2 1 0 30 nic, / I . The large;;  t

re l ease s t ’ t o ta l  ammon ium ii i  t t ’ oga-n  occu r r ed  in the tests us i i ig

ses , i i r n e i t t  t ’r onl Si t , ’ 2 .  I t t  a d d i t i o n , the data sh ow tha t fo r

eac h  : ;a - d u i n e i i t  t e s t e d , t u r b i d i ty  in~’r ’ ,— ,n ’ s ; e d  w i t i l e  P . O .  , p H , and

sa ,t i i r i  t v  5 l e c r ’e o st ;51 .
‘l i re  m i  t i 5 , t  I low 1 .0. c s n u ’ a- t r t r a t i o i r ’s ;  wa - i ’e  r’ai  sad  to

t o ’ twe c i r  12 and 7 ~n’ / I by a one — I r o t i r  ae i - a t  i on 0 1 t i t s ’ C’ 1 itt 01 5 - t t s’

w a t e r  b e f o r e  the a dd i t i o n  ot  t a - a t  oio ’, a i r i sr n s  - ‘l’ahlc  1157 shows

the D. 0. c o n t e n t  of t i i e s ;i’ e lu t r i  .1 t e a  I I i r ’ o ’ 5 t g lr o ut  the  112— do\’

e x p o s u r e  p e i ’ia d  - The dat5i lush ~‘at e  I h a t  the one—h orit ’ 4i a - t~,r t j o l t

pe r iods ;  were  s u f f i c i e n t  to k e ep  I i i , ’ D . C .  s’ 4’ ’i r t e i r t  01 t h e  a - l u —
tr ’  ia t e  r-,’- t ter’s above 14 ing/ 1 -

The r e s u l t ’s ;  o t i t a -  heavy  mc tall  ~i t t o  I \ ‘SeS 01 t l ie s . ’

ci ut riatta S are N’~ 
s ; a -  i t t  ed in r1~rt , Ia- ‘12 - ‘I’he dot r sh ow t ira

the on ly  me ta l  r’c .1 eased  iii Subs t a i r  I i i  1 am o u n t s  1 1 0 1 1 ;  e - t c i i

site S sa- ~1 i mci i  t was ir’on , while  ama 1, 1 amoun t a a t 1 s ’a51 we i’,-

12 5- i 4
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released from Site 2 sediments. A decrease in cadmium , zin c ,

ni ckel , and copper was observed in all three bioassay elutri—
ates. No changes from the control concentrations were observed

for manganese and chromium in any of the bioassay elutrIates.

The results of the bioassays of P. pugio are pre-

sented in Table 1459. Examination of the data shows limited

toxicity to P. pugio over the first 96 hours of exposure to

S i t e s  1 a n d  3 sediment elutriates. The bioassays using

s e d i m e n t  f r o m  Si te  2 showed a hi gher toxicity with ~4 0  pe rcent

of  t he  t e s t  animals dying in each replicate afta-r 96 hours of

ex p o s ur e  -

The additional 12-day exposure of P. pug ic to I’e t ’t h

Ambov Channe l  se d i m e n t  b ioa s say  e l u t r i a t e s  r e s u l t e d  in 10 ~
‘
~~‘

12 p er c e n t  increased m o r t a l i t y .  The b i o a s s a y  t e s t s  wet ’s -’ t ’ 1 f l ]  —

na~~e5 ,h a f t e r  16 days  due to t h e  d e a t h  of an o r gan i s m  in one of

t he  c on t r o l r e p l i c a t e s .

~~p~~~~~Dred ge Studies
Forty-four samples of the  m a t e r i a l  in t h e  hoppers

of tha- Corps o f ’ i i  i nee r s  hopper  dredge  E s sa v on s  were  co l l ec ted

f u s ’ i r i s~ ‘, i ’i’~~ds” 1ns’ in  t :hC ’ Pei’th Amboy and P ay  R id~~a- C h a n n e ls  f or

t h e  du m p s  monitored 01) .-\tlfust 21 and September 1, 197 12 , i ’a -—
-; peo t v e lv  - IT ach sample  was taken with .1 I”ucket on a r ’ora- wh i o n

was lowered i n to  t h e  s u r f a c e  of t h e  s l u r ry  in  t h e  hopper  - ‘ h a - c e

samn l e s  w a - n a -  p icke d  in  i ns u l a t e d  c o n t a i ne r s  and a i r — f r e i gh t ed

to Dallas. They  w a - r e  s tored  in the  dark at 14°C u n t i l  a n a ly s i s .

~Ia 1 of each sample  was c e n t r i f u g ed  m d  t he  supa-i’na t ant  w i s  i i —

~s,s~e l t h r ’ 5, ”uc ” h a 0 • 4 5  mic ron  pore si:e m i l li p c”r e  t i l .t er .  These

h’)s ’l ’t ’  i o n s  were  ,,s n , i l v : - ,od as w a t e r  samp les , and t h e  ‘, i n t ’i Ita-red h a l f

was inalvced as sediment.

P, ’, ’ , ’ - ’ i ; t ;  S et  t~ C , I h l  a- S ol i

Tables  14-612 an d ‘461 p r e sen t  p er c e n t  S e t t I C ’ . i l ” l e  sol ids
and pH ‘ f r I  a f o r  t h e  h a - p h ” s ’l’ samples. The p1 -I at i’”ss ” 5,11i1I’100

v, -n’ j s ’si f s ’ - ’m 7 . 0  to 7 . 12 w i t h  no net  i c e a t ’ l e  :‘ i t  4 a - n i r .  he  p a - - ’—

C e n l  s~’t t  l eab le  s o l i d s  c o n t e n t  of t’h~’ ~‘‘ ‘ i - t  h As;,bc a-,’ s n’~’ h e : ;

‘38 8
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Table 4 6 0

Pe rcent Se t t l eab le  Solids Data: Perth Amboy

Channel  Hopper Dredge Sarnples *~

Time Percen t  pH
(hr  : ;T)Lii ) Set t l eab le

Sol ids

7 :1. 5 Dt ’edS IIib be~~at i •  Ru n 1 began .
7 : 2 5 ~ 100 7 . 2
7 : 2 7  Run 1 ended.
7 : 3 0  9 1 7 • 5
‘,‘ :3 5 91 7 . 2
7 :153 90 7 4
7 : ~~ Run -- b e g a n .
7 : 1 4 S~’ — 7 •~-
7 : 5 0~ 93 7 . 0
7 :~~~~~ 94  7 • )
7 :55 i-Tin -~ en d e d .
8 : 0 0  74 7 - 3
1 2 : 0 5 97 7 . 1

90 7.2
8:13 k ni t  .1 “ a n .

98 7•1
9 : 3 0  k-,a ’. 3 c u 5 ’1 a - , : .  98  7 . 5
S : ~~~‘- Run 14 began .

100 7.1
1 2 :  “ 5 knu  4 e :rde a- -

‘ 3 : 0 0  100 7 • 2
9 :0t” ‘:‘ l I  5 i,’e5:’5n.
‘3 :15”’ 98 7 i~
9 :~~T3 i- ,5’,:: 5 a - r t d e~ : .
‘3 : 3 ’sJ 86 7.4
9 :~- 5  2 8 7 . 1 4

l O : U 0  88 7 . 1 4
10 :15 - , , - ‘ - , . 4 0  7 . 4

~~~~~~ 01  i h e s a -  sar: ;i” J, a-s i.ar ’, en witile10 :30  -
- a - - s  ‘ . j

10 :4 9  s : i’t a-~e W i : : t r a v e~L , L : t f ,  t o  dump 7 2
11:03  

stte.) 7 1
12 :17 90 7.3
11:30 .1 7 . 5
tl:5 0 30 7.5

9 2  7.4
L,’ : lS
12:30 12 7•9

100 7.3
112 7 . 7

ri ace u t  1::- i ~~ ” ) ’ i  , i i n  hc~’d er w a s  t’ -a r l ’ u l en t  - C’Stherwise, ~ t
Wdi- , c , u l t n .
:‘s ’:T f , s ,, , I a , , t  i’ ~‘a-i” ce i tt  Sc t t l c a t” l t , ’ s o l ids  a-n d I ’li , ,is  w a -I ] ,  ,i s
de sc r i p t ion s  I a - i’ l t ’ e d a -, i t i g  oI) e ra tl ions  are at ’ s  licaf  I c  t o  a l l  T, w

~ OL’~ lo~ -~ ’c I ’  sfl’ a - s : ,s - ’, :; i I ’ ;j - l i ’ S ,u ; f - l i s T  t o t  i - c p a - s i t s  d I : ;  a - I  h er  , ; f ~
in  this sec t ia - :5.
, ).,,,;n (- ) ~~i 4 s , i j C , I t  s - S  i t s , ’ ~j s ’t a - i ’ 1 , ; , L 1 :~ i Lj C i i  :,, ia -- ’ .
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Table 461

Percent Sett leable Solids Data: Bay Rid ge Channel
Hopper Dredge Samples

Time Percent pH
(hr:min ) Settleable

Solids
6:214* Run 1 began . 29 7.2

6:29* 62 7.2

6:33* — 7.1

6:40* — 7 . 2
6:45* 4Q 7 3

6:47 Run 1 ended.

7:00 Run 2 began.

7 : 0 7 *  — 7.2

7:22* Run 2 ended. - 7 .1
7 : 3 7 *  100 7 . 7
7 :38 Run 3 began.

7 :50* 89 7 . 4

8:00* 100 7 . 4
8:13 Run 3 ended.

8:15 57 7.3

8:30 42 7.3

8 : ’45 — 7 . 3
9 :00  95 7 . 1
9 :17 100 7 . 5

*Surface of material in hopp er was turbulent . Otherwise ,
it was calm.

Dash ( — )  indicates no detei’niiiiation m a d e .
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8 :15 1 1 . 0
8:30 33 .3
8:45 40.7
9:00 37.7
9 :15
9:30 5.2
9 : 4 5

10:00 5.0
10:15 1 8.6
10:30 2 3.1
10:4 5 5 .3
11:03 6.4
11:17 19.7
11:30 5.4
11:50 6 .4
1 2 : 0 2  1 3. 0
12:15
1 2 : 3 0  5 .3
12:45 5.9
13:05

*For condi t ions  in hopper .-is we l l  as in f o I ’md t~~cl i  on
Essayons dredging activitieS for time of each s a m p l e .
see Table 460.
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Table 4 66
Ammoniuni Data :  Bay Ridge Channel

Hopper Dredge Samples

Time Ammonium
(h r : m i n )  ( nlg N i l )

6 : 2 4  3 • 5

6:29 20. 7

6:33 8.5

6:40 <0 .05

6:45 21.9

f 7 : 0 7  1 9 . 6
7:22 69.6

7:37 19.3

7:50 9,5

8 :00  l i .7
8 :15 14 .6
8:30 13.5

8:45 49.4

9:00 44.1

9:17 9.2

that point ranged from 0.14 to 0.4 mg P/i. During transport

to the disposal site the soluble ortho P concentrations showed

a tendency to increase but still fluctuated.

Concentrations of soluble orthophosphate in the

hopper of the £ssayons during dredging of Bay Ridge Channel
and transport to the disposal site are presented in Table 468.

The concentration varied from 0.052 mg P/i to 18 mg P/i in

a smooth pattern gradually rising from the initial 0.29 mg P/1

to a maximum at the beginning of the second dredging run. After

decreasing to approximately 0.7 mg P/i after the third run , the

concentration increased to 10 mg P/i and then began to decrease .
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Table 4 6 7

Solubl e Orthophosphate Concentrations:

Perth Amboy Channel  Hoppcr  Dredge Samp 1e~Y

Time So lub le  Or tho  P (mg P / 1)
( h r : m i n )  X SD

7 : 2 5  0 . 4 0  0 . 0 2 5
7:30 0.28 0
7:35 0.85 0.025
7 : 4 3  0.72 0
7 : 4 5  2 . 0  —

7:50 0.7 8 0
7:55 1.4 0
8:00 0.35 0
8:05 0.78 0
8:10 0.35 — C

8:15 1.2 0.025 4’

8 : 3 0  1.4 0
8 : 4 5 0 . 3 2  0
9:00 2.0 0
2:15 0.14 0

~:30 1.3 0
9:45 0.78 —

10:00 0.95 0
10:15 1.5 0.025
1 0 : 3 0  2 . 1  0 . 0 2 5
10:45 1.6 0.025
11:03 3 . 1  0 . 0 2 5
11:17 2 . 4  0.1
11:30 1.7 0
11:50 1.3  0 . 0 2 5
12:02 2.2 —

12:15 6.8 0
12:30 1.2 0
12:45 2.2 0
13:05 1.8 0

Mea n an d standard de vi at ion calcu lated f rom dupl ica te
analyses  of one sample .

*Samples were r e f i l t e r e d  throug h a 0 . 2  p g / l  p01’ t i S i~~ C
membrane f i l t e r  pr ior  to a n a l y s i s .

Dash ( - )  ind ica tes  only  one . in a lysi s  made .
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Table 4 68
Soluble Orthophosphate Concentrations:

~ay Ridge  Channel  Hopper Dredge Samples”

Tim e Solub le  Or tho  P (mg P/1)
(hr:miru ) SD

6:24 0.29 0.001

6 : 2 9  0 . 0 5 2  0

6:33 4.5 0.025

6 : 4 0  7.4 0

8.2 —

7:07 18 0.1

7:22 6.0 0.025

7 :37 10.2 0.025

7:50 4.6 0.025

8:00 2.8 —

8:15 0.68 0

8:30 0.72 0

8 : 4 5 10 0.025

9:00 8.6 0

9:17 4.0 —

Mean and standard deviation calculated from duplicate
analysis of one sample .

Dash ( -)  indicates only one ana lys is  made.
*These samples were ref i l tered through a 0 . 2  i,i pore

size membrane f i l t e r  prior to analysis  due to the
presence of some suspended material.
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Field S tud ies

l’hi’t’e dred ged material disposal operations were

on A u~’us t 31 and September 1, 1276 in order  to eva l—
3 ) 4 _ I t e  t t i ~ - I ’ e l iab i l i t v  of elutriate tests in ~~‘edicting the

ct CofltLII:lilidntS released fro:ii dred ged sediments during

the ~~:‘ ope :iw~t t e r  dumping .  The combina t ions of dred ging s i tes
4_t C C  ~ode~ of J i S ; I U U 4 _ 1 1 were chosen so thdt an evaluation could
be mu,de ct’ the  differences in contaminant release during barge
dumping (of mechanically dredged sediment) versus hopper dump-

ing (o f  h y d r a u l i c a l l y  dred ged s e d i m e n t)  of sed iment  from the
SdI3)e ge ne~’al ~1re4i . In add i t ion , comparisons were made between

con t a m i n a n t re lease p a t t e r n s  r e s u lt i n g  f rom hopper  dum p ing of

sediments f rom the different waterways. All dump ing took p lace
at the New York Bight mud dump site. The location of the mud

d ump s i te  r ela t ive  to the New York-New Jersey coast is shown
in Fi gu re 1~i 3  .

The d isposal operations were monitored using two

~:cr~’s of Lngi : l e e r s  shi ps , the H a t ton  and the Hudso n. Monitor-
ing the disposal  from two properly pos i t ioned  vessels allowed
est imat ions  to be made of the t ime-concent ra t ion  relat ionships
fo r the con ta min an ts released to the wate r col umn d urin g dr ed ged

mate r i a l  d isposal .  In addi t ion , since the sur face  and bot tom
cur ren t s  were moving in opposi te  direct ions , the use of two

sampl ing  vessels  allowed simultaneous moni tor ing  of contaminant
release in both surface  and near-bottom waters  during one dis-
posal operat ion .

I n  con j unct ion wi th  these monitoring s tud ies , Dr.
R . Gordon and s tudy  group from Yale Un ive r s i t y  conducted a
study of transmissivity at the disposal site during dredged

material disposal. In addition to making this information avail-

able to the UTD dredged material study group , they provided in-

formation on sampling vessel positioning relative to the hopper

dredge or barge during disposal operations. Further , B. Holli-
day of the US Army Corps of Engineer Waterways Experiment Sta-

tion conducted current studies at the disposal site during these

1003
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Damp ~~O. 1

During the f i r s t  t w o  m o n i t o r e d  disposal operations ,

- \udus t  31 , 19 7 0 , the  weather  was f a i r , and the wa t e r  wa s c ai h i .

‘i’he air t e r a t - o r a t u r e  was approx ima te ly  70 °F ( 2 2 °C ) .  The dep th
of the wa te r  col umn at the disposal site was about 28 m ; the
oecchi  dep th was 3 . 0  m e t er s . Thu physical  se t t ing  at the dump
site dur ing  [lump No.  1, fo r wh ich 8 , 270  cub ic yards of sed i—
me nt were dr ed ged by the  Essayons  from Perth Ainboy Channel ,
is shown in Fi gure 144

Water  colu mn o p t i c a l  proper t ies .  The optical prop-
er t ies  of the wate r  column were monitored with transmissometers
from both samp ling vessels . In addi t ion , t u r b i d i t y  measurements
were made on the water sam ples collected. R. Gordon ’s group
from Yale University was aboard the Hatton, They used two

different transmissome’ters. One , with a 2 cm light path , was ~
‘ 

-:

generally at a fixed position near the bottom ; the other , with
a 12 cm li ght pa th , was moved up and down through the wat’er
column during the study period in order to define the height of
the turbid plume arising from the dump ing operation. - 

it’.
On the Hudson, a Hydroproducts Model 612-S Trans-

missometer with a 10 cm light path was used. Vertical profi les
of percent light transmission were obtained before and after
each disposal operation. During the dumping operations , the
transmissometer  was maintained at a fixed depth from which per-
cent l ight t ransmission was monitored dur ing passage of the
turb id  plume .

Fig ur e 145 presen ts the t ur bid ity val ues of samples

collected aboard the 1-latton in near-bot tom waters during Dumps
No. 1 and 2 .  These value s , as well as data from samples col-
lected at other depths , are presented in Table 4 6 9 . Table 4 7 0

presents similar data for the water samples collected aboard

the Hudson in association with Dump No. 1. Examination of these

tables shows that during Dump No. 1, the surface water did not -s
significantly change as a result of the dumping operation . As
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/urface current

i r e c t i on o f
4—.._~ • 4,— F bot to m cur rent

— Hat ton

— Hudson

KEY:  • Dump occurred

—
~~~~—* Approximate course of hopper dredge

I- —I ~OO ff .

Figure 144
Positions of Sampling Ves sels at Mud Dump Site

L 

During Monitoring of New York Bi ght Dump No. 1
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T u r b id i t y  V ol  ues I N O W  Yct’k  P i gh t hu m p  No b ’ ..  1 and

Dr ‘edge~ I M at  e r - i a  I 1’ r ’om I ‘
~~‘ r ’  C i i  An ubo y  I ’I i u i i i

110! I t ’  t - C Ii Amboy Anoho x ’age

( i ’s ’l lee t e d  I i s i f i  C l i t ’ Hat Ison )

Time D e p t h  T u r b i d i t y
(hr :m i n : s e c )  ( m )  (NTU )

11 . 5 0 . 7
: 5 1 1 1 :0 0  i ,

C

I - ‘. : I ~C — Dui nu1’ N ’  . I C ’ S ‘ C ‘ I I I  ‘OC ‘2
i , i : ’ l : l t s  0 5  1
i , i : , ’l, :S L l  2 4  0 . 4
I ~:, C 3 : 1 t,  24 —
1- 1 : 2 3 : 4 0 0 . 5  1
:1 1 : 2 3 : 5 0  24 ~u i 0
l 4 : , C 5 : 0 0  24  !C 50
1 -~ : 2 5 : 3 0  , 4  4 2 0
13 : 2 6: 0 11 ‘4
1 . C

(l .’ . 13  2 
C

1 :  2 / : 0 0  24 550
13 : 7 :  U’ 54 4 0 0
1 3 : 2 1 1 : 00  , ‘I ;  580
il : 21’. : ‘.0 24  63 0
13 : 3 0 : 1 1 )  ‘4 102 0
i i - ’ .,’ : ‘.0 ‘ 5 ’ .  2611

2 4  55
13 : ,‘.1’~: 30 ‘ b 1  2 14 0
13: 311 :00 ‘2 3,1
13: ‘ . 1 : 3 0  2 . ’ 1 50

(1 . 5  1
‘II l , ’O

14 : 1 0 : -~ 0 . ‘ I ’. ‘
C

3
1 4 : 5 ,’ : 10 ‘4 1
1 ’ . : 53: 311 ‘II 1 2

0.5 0.6
2 1’. 11

1 5 : . ‘ : ~ il 11 . 1’ 1
1 5 : 4 1 : 1 0  (1 . 1’  0 . 5
I S : 2 110 0’.
I 5 : 4 .’ :,’.I) 0.5 0.’’.

1 1 : 1  1 — I’i u r m i ’  ‘ 1- ’ . 2
1 5 : 1 1 1 : 1) 0  ‘4 17
1 5 : 4 4 : 0 1 1  0 . 5  0 . 6
1 5 : ‘.4 : .1 1  ‘I I 1 ’ -’
1 5 :4 5 :0 0  ‘II ‘ 1

t 5 : ’ .u 5 : 21 1 ‘II ‘1 11 1,1
( I ’C ’ r1 t  i nut”! I
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T- ib  1 0 1 4 5 1 ’ .  ( ( ‘o T i s ’ 1 Uded

Time D e p t h  T ur b i d i t y
( h r : m i n : s ; c ’ c )  ( m )  (NTU )

1i~~: 1’.5: lJ 1) ,5 14 11 0 0
11’ : 14(1 : C) ,‘I I  .~ 20
1 5 : 4 6 : 145 2 ” .  80
15: 14 ‘ :0 0  , ‘~~ 0.7
iS : 4 7 : 1 5 ,‘~~‘. 0 2 0
15 :4 7 : 1 5  0 . 5  0. 11
15 : 4 7 : 3 0  ‘‘s 900

2 ” .  540
i S  : “ . 8 : 0 0  ,‘ i4  5 2 0
15: ’4 5 : 1 S  2 I ’ .  55 0
15 :48:30 214 2 , 10

2 11 2 5 0
15 : 4 9  : 3 ’. l  24 4 8 0  

C

15: Si) : 1)) ,‘1 4 .160
1 5 :5 )  : ‘ 4 t ~ 2 ” .  330

.C I 4  -54 0
1 5 : 54 : 3 1 1  ( 3 . 5  1
15 :55 :1) 0 ,‘ I ’ .  2 10
i t ’ : 59 :  ,i i ,i ‘‘4 15.1 0
1 1 ’ : i O : 0 0  0 . ! ,  0 , 9
111:10: 10 ,‘1 4 14 7
1 6 : 1 0 : 3 ’ ,) 2 ’s 4 5
I h L ’ S : , l O 0 . 5 Ll , S
1 6 : 0 6 : 0 0  i’14 2 ’-’.

PCi Sli ( — ) I flCI j~~~,5  t I,’ 115~ C l i l d  1”.’ Oj : ~

shown in Figures I ’4 6 and 1147 , the t u r b i d i t y  of the near—bottom

water samples did change significantly immediately following

dump ing . As expected , there was a marked increase in the tur-

bidity of these waters dur ing  the passage of the turbid plume .

Comparison of Figures 11 14 5 and 14(1 shows that there was a six-

minute delay in the passage of the turbid plume between the

Ilatton and the Hudson. Markedly elevated turbidities were

present in the near—bottom waters at the location of the Hatton

for slightly over one hour. At the Hudson the duration of the
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Table 4 7 0  (Concluded)

Time Depth Turbid i ty
(h r : m i n : s e c)  (m )  (NTU )

13: 5 2 : 0 0  1 0 . 6
1 3 :5 2 : 0 0  12 0 . 8
13 : 5 2 : 0 0  23  2 5
1 4 : 0 0 : 0 0  2 3  17
14 : 1 2 : 00  23  155
14: 2 0 : 5 5  1 2
14 :21:15  12 0 . 9
14:21:1 5 23  24
14 :31 :05  1 1
14 :3 1:25 12 0 . 9
14:31:30  23 19
1 4 : 5 8 : 5 5  1 4
14 : 5 8 : 3 5  12 1
14 : 5 9 : 3 0  23  3

elevated turbidity, based on turbidity data collected , was

also approximately one hour .

A comparison between Figures 145 and 146 shows that

during the time period when few water samples were taken and ,

therefore , few turbidity measurements made , there was con-

siderable fluctuation in the amount of particulates in these

waters as reflected by the percent light transmission data.

Generalized , somewhat smoothed plots of the data

from Gordon ’s study are presented in Figures 1148 and 1149.

Examination of Figure 148 shows that the transmissometer

b ooted 1 m off the bottom read zero percent li ght trans-

mission for a period of 30 minutes during the passage of the

turbid plume . After that time , there was a general trend for

increasing bottom water percent light transmission with time.

Figure 149 shows a similar pattern for the percent light trans-

mission at .i . ’. m (2  m o f f  the  b o t t o m) .  However , tile

percent light transmission data for 1 m and l’s m below the

surface were 100 percent throughout the passage of the turbid

plume . These results indicate that the turbidity associated

with the turbid plume moved toward the Hatton below the

thermoc line.
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Percen t light transmission was measured in the wa t er

col unu i a t  the  Hudson befor e  and a f t e r  the f i r s t  disposal  opera—
t ion .  The p lo t  of the data  is presen ted  in Fi gure 1 5 0 .  The

‘ e — d i osa i  ~‘i ’oti le shows tha t the water down to the depth of —

23 meters ha5! i’elativebv h o m oge n e o u s  percent  l igh t  t r ansmis s ion
w i t h  a rar 5- , e of  $0 t o  90 pe rcent . Below 2 0 meters  the t r ans—
m i s s i v i t y  ci the w a t e r  deci ’eased r ap id ly  w i t h  dep th .

The post—disp osal pi ’ctile showed a slight increase
ov er  p r e — J i s p o s 5 i l  va lues  in the percent transmission to a depth

c t  1(1 m e t e r s  where  t he  l igh t  transmission decreased rapidly.

These  r e s u l t s  al so  in d i c a t e  t h a t  abou t  one hour a ft e r  the dump
the  t u r b i d i ty  o~ the b o t t o m  wa te r s  was s l igh t ly hi ghe r tha n
it ‘ . i , I . s !  5CC! ’ .  pr ior  to t h e  d u m p

:‘u r in~ , t h e  f i r s t  disposal operation , the transmis—

some ter WdS k e p t  a t  a dep th  of 2 5 mete rs , and readi ngs were
. i ;\ en  1’~’ i ’iodical  lv du1’i ::) -, the disposal operations ~~0T ’  a p p l ’ O X —

u n at e lv  one hour . The d a t a  collected are presented in Fi gure
1’. ; . A shari’  de -cr’e a :;e  in the percent light transmission at a

depth ci 2. 5 meters ‘.5’as r I o t e d  short  iv a f t er  the  d isp o s a l

O~ ’ 5’Ui ’ i ’C ~~~. ‘l’he \ ‘alues  f l u c t u a t e d  a f t e r  the  d i s p o s a l , remaining

m o s t  lv :elc ’w t h e  15 p er c e n t  ligh t  t I ’ a n :5 .r n i s si c n  l e v e l .  The

rea, !i:u’, d id  n o t  i ’e t ‘ . i I ’ T 5 .  t o  pt ’ t’— d i s  posa 1 va lues  du r ing  the  one—

hc’u ,’ mcii i t  or ’ ing pe r iod .

~~5~i ’ r e’ . ’ . t o .  As shown in Tab le  ‘$7 1 , mid—dep th  to bo t tom ,
p i e  — d u m p  cui’ ’.’en t o  at the  mud — 5lump s ite ranged in speed f rom 0 . 14 2

to  0 .0 1  k n o t s  and a p p e a r e d  to  decrease  w i t h  d e p t h  below 19 m.
ne c u r r e nt  s :~or ’.~ ,e5t in d i r e c t  ion ti ’om 33 ( 3 to  2 2 9 0 -: gne t  ic w i t h

ir i c r e a : ;  i :;g d e p t h .  Table ‘ . 7 2  pr e Se n t s  the  c u r r e n t  da ta  wh ich
s!;, ’’,~ t :ie e t’f ect  o f  the  d i s po s a l  on the  speed and d i r e c t i o n  of
c -a ’t ’ cn t  2 mc ci’s c’ t t t he  Sot  -

~ oni . C u r r e nt  v el o ci t y  rose f rom

0. 2 to  3. 25 kno t : ;  ~‘e I 01’ t ’ dis  ps ’sa L be g an  , to  0 . 79 k n o t s  two
::‘. l t i ut e s  a t  .,‘ : -  2 iO ps ’sal ceased .  I t  then  d e c rea s e d .  ‘2he di i ’ ec—

t ion of the cur ren t d i d  n o t  appear  to  h ave  been g ’ . ’ e a t l v  a t t e c t c d

5 1 lie di sp o s a l  ,,‘ I t h e  ~1 i’ed ged mat e n o .1
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I I I I I I I I I

• PRE-DISPOSAL 12:53 
-

3 - • POST-DISPOSAL 14 :27 
-

5 -  -

7 -  -

9 -  -

1 3 -  -

E

~~I 5 -  -

~~I 7 -  -

1 9 -  -

2 1 -  -

23 -

2 5 -  -

27 I I I I I I I
10 20 30 40 50 60 70 80 90 100

Percent Light Trans mission

F i g u r e  150
Water Column Profi l es: Percent L ight Transmission

New York Big ht Dump No. 1 Hudson
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T r l ~1 -  ‘.‘. 71
- - 5. ~~, : ‘ . u r r e n t  i)ata .~ % : W  Y o r - ~ S i p h t

~~~~~~~~~~~~ 
1 

_ perot ion:-

\: , ‘;r~t 31 , 197 0

Dir -o l - t i o n  Speed
(m) (°rnagnetic) (ynclrs)

10 ~30 0 . 5 0

15 2 9 0  0 .4 7

19 2 7 2  0 . 01

22 270 0 .53

20  2 3 9  0 . 50

229 0 .142

7’.ota provided by B. F roll idav , Id~ — ‘,TS.

Disso lved  oxygen, temperature, salinity, and pH. Prior

to the disposal operations , water column profiles of D.O ., tem-

perature , salinity , and pH were made at the disposal ~ite; the

data are presented in Table 473 . These data indicate that the

depth to the thermocline was between 16 and 18 meters .  The tem-
perature ranged from 19.5°C at the surface to 10.5°C at the

bottom . Dissolved oxygen concentrations ranged from 8.1 mg/i at

the surface  to 1. 14 m g / i  at the bottom. Figure 151 graph ically

shows the sharp decrease in both parameters below 16 me te r s .
The sa l in i ty  increased from 2 9 . 0  0

/00  to 3 2 . 8  0/00 sur f a ce to

bottom. The pH of the disposal site water decreased with depth
from 7 . 7  to 7 . 0 .
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Table 1472

Bottom Current Velocity and Directiorl:*

New York Bight Dump No. 1

Time Speed Direction
(hr:min:sec) (knots) (°magnetic )

12:46 :00 0.25 230

13 :02:00 0.22 182
13:07 :00  0 . 2 4  21’4
13:16 :00  0 .18 190

13:19 - Dump began.
1 3 : 1 9 : 0 0  0 . 2 9  2 2 2
1 3 : 2 0 : 0 0  0 . 3 5 235
13 :20 :30 0.38 238
1 3 : 2 1 : 0 0  0 . 4 0  239

13:21 - Dump stopped~
13 : 2 1 : 3 0  0 .4 1  24 1 4

1 3 : 2 2 : 0 0  0 . 4 5  2 4 0
1 3 : 2 2 : 3 0  0 . 6 8  220
13:23 :00 0.79 220
1 3 : 2 3  : 3 0  0 . 6 2  190
1 3 : 24 : 0 0  0 . 5 2  155
13:24  : 30  0 . 4 6  170
13 :25  .00  0 . 3 5  2 2 0
13:26 :00 0.35 240

13 :26  : 3 0  0 . ’42 235

1 3 : 2 7  :30  0 . 3 3  2 2 0
13:28 :00 0.20 188 - —

1 3 : 2 9 : 0 0  0.10 155
1 3 : 3 0 : 0 0  0 .10 215
13:31:00 0 . 2 1  221
13:32 :30  0 . 3 3  240
1 3 : 3 3 : 0 0  0 . 3 8  24 8
13:33 :30 0.40 248

13:34 :00  0 . 3 9  2 4 5
13:35 :00 0.21 215

13:35 :30 0.18 180

*Curren t meter set at 29 m , about 2 m off bottom.

Data provided by B. Holliday , CE-WES.
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T5i5 I c 14 3
t C ’ — ! ’ .j s I c co  l~

’
~ \~ 11i ci’ Colwi;ii Fr’o l i l e

ia;w ‘i’ o i - l - .  H i~~i,t D i sposal  Si L C

: \ i t’ . j ’ . ;  L 31 , 19/1

,~~~‘. fl~~1 . S , l i l T i lt \ - ’
C m )  ( (~~ ) ( n i ; ’ / l )  ( °/ no )

1 . 5 1- 1 . 5  0 .1 2 1 .0 7 .7
3 1 9 . 5  ‘1 .~ ‘.0 .5 7 .0

(1 1 .1, ~~~~~ ‘ .0 .5  7 . 6
1 1) . - 7 . ’ .  31 . 2  7 .7

1 2  1 1 . 0  ~. 2  : 1 1 . 2  7 . 0
5 1 7 . 11 1) . 5  i ’ . 0 ‘7 .0’

16 10 . 0  . 3  1 2 . 6  7~~7

i S . ( 1 . . ’. 12 . 0
~~ H 5 . 0  5 .0  ~~~~~~~~~ 7~~c

1 1  1 1 .0 .6 32 .6 7~~5
2 1  1 3 . 0  ~. 7 1 2 . 0 7 . 3
2 1  1 1 . 0  ‘ . 1 2 2 . 0  7 . 0
2’-’. 1 1) . II 1 . 9 . 1~ (1 7 0

-~~ 2 5 .  S 1 0 .  5 1 . - ‘ . 2 . 0 7 .0

- 
- •~~~ j fll t ’ — 10: 2 (1 .

- 
- Table 47”. md I’iguues 152 and 153 p r e s e n t  - t l ie  da ta

for  the  pre— and p0 :; —d 1 sp c s,i  1 P. 0. , temperature , s a l i n i t y ,

and phi p’.’oi l ies.  There wo:; no appreciable change rioted in

the  sa l i n i t y  and p h i b e t w e e n  t h e  two p r o f i l e s .  The p re—disposa l
pr o f i l e s  showed a decrease in both t empera tu re  and P . O .  in the

L 

b o t t o m  8 m e t e r s  ( 10 , 21 , ‘ 1 4 . 5  m e t e r  samp l e s) .  The pos t—d isposal
pr -c l i1 ’ : ;  i n d i c a te  a r e l a t i v e l y  homogeneous s y s t e m  below 18 m
wi th 1w i n c r e a s e d  P. O. level near the bottom as compared to
pr’e— CI i s  poso I it -v. - i s .
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Disso lved Oxyg en ( m g / i )

o I 2 3 4 5 6 7 8 9 tO
~ i 1 ‘ 1 ‘ 1 1 1 J

2 - • DISSOLVED OXYGEN
£ TEMPERATURE

4 -  -

6 -

8 -

10 — -

12 -  - V

16 -- -

18 -  -‘

20 - -

22 - /~ 
-

2 4 -  -

Bot to m I i i 1_ i I I I ~ I i I i I i t I
I 3 5 7 9 II  13 IS 17 19

I t ’IlI pe ~~~~ i t i  ,‘V ( ~ 0
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I i s  t i l s ’  : New ur k Bi g ht Mud l t i i r ç i  “ i I i ’ i i i  i t  t i l l

1 (122
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Table 47 14

Pre - and Post-Disposal Water Column P ro f i l e i
New York Bi ght Dump No. 1, Dredged

Material from Pe r t h Amboy Channe l

Designation Depth Temp P.O. Sali n i ty
and Time (m) (°C) (mg/I) (°/oo) p11

Pre-Disposal
( 12 : 2 5 )

0 . 5  1~1 . 5 7 . 5  : ‘ . o . s  8 . 5
3 19.5 7 .14 3 0 . 5  6 . . ’.
6 1 9 . 0  0 . 8  ‘.0 .5  8 .0
9 19 . 0 0 . 0  .10 .5  7 . 9

12 1’~ .0  0 . 2  ‘.1 . 2  7 . 8
15 17 . 0  6 . 2  ‘ .2 .0  7 1 )

18 1 5 . 0  5 . 2  ‘ . 2 . 8  7 . 8
2 1  1 2 . 2  1 .1 3 2 . 8  7 .5
2 0 . 5  1 0 . 0  1. 7 32 .8 7 . 4

Ho;-; t — P15 p o s i l
( 13 :  ‘ .7 )

0 . 5 11 . 5 7 . 9 10 . 5  8 . 0
.1 19 ‘ 1 8  3 0 . 5  8 . 1
0 19 7 . 0  3 0 . 5  8 . 1
9 18 .5  0 .~ ‘.1 .2  8 . 1

1.’ 17 ‘. . 3  .1 2 . 1) 8 . 2
10 15 1 . 1’. ‘ . 2 . 8 8 . 1
18 12 . 5 2 . t -  3 2 . 1 )  7 . 7
2 1  12 2 . ”. 12 . 8  7.7

214 .5 1 2  2 . 1 1 1 .5  7 . 9

I U 23
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D i s s o l v e d  Oxygen (mg /i)

I 2 3 4 5 6 7 8 9 10
1 ‘ I 

• 1 • I I I ~ I I • I

2 - • DISSOLVED OXYGEN
£ TE MPERAT URE 

/ - 
V

~~~I 4 -  -

16 - -

1 8 -  -

20 - -

22 - -

24 - -

Bot~ orr I I i I I i I I i I I I I..,,.
I 3 5 7 9 I I  13 IS I7 19

Tempera tu re  ( °C)

F i g u r e  152
Pre -Disposa l Water Column Temperature and Dissolved

Oxygen Profile: New York Bi ght Dump No . 1

Hat ton
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D i s s o l v e d  Oxygen (mg / I )
I 2 3 4 5 6 7 8 9 100 I • I • I ‘ I I • I ‘ I • I • I

2 - • DISSOLVED OXYGEN
£ TEMPERATURE 

f

I I
~~~~I 2 -  -

4.’ -

a)

16 - -

18 - -

20 - -

22 - -

24 - -

Bottorri I I i I I I I i I i I i I i I
I 3 5 7 9 I I  13 IS I? IS

T e mp e r a t u r e  ( °c )

F igu re  153
Post-Dispo sal Water Column T emperature and D i s s o l v e d

Oxygen Profile: New York Bi g h t  Dump N o. 1

Hat  ton
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E’j w’~’ 1 j a i lot  o l  t h e  1 . ‘. 1~ ~- . t l f I ’ t ’ I l  I f i t  ~ a

I . S in at  t he i t t ;; du  r izi ~ d I 9 1 :1 , 1 . .-\~ pi  -ox i n ,  I . - I o u r ’  ii i  i i :  —

ut es ii t t i ’  d i  sp~ ‘; ; ,~ I r~-~,:: -
~ ‘ 111 1’ It ’ t e~I , I ; t 1 t ’ W I  - , l f i  i f ’ .  I t .  ~ i l l  t i l t ’

P.O . levels. ili e ii i l i t ;; t c o n c e i t  t i - i t  i t .ii (a 1. i i  i ; ; ! I iI,ct’e.,ce

ovei’ l t ,, c k t rt - u n d  1 ev .  i s )  Wa :  1110 2 .9 n h / I  t h l : ’ . t l v t l i t  1 $ :

hour’s . Ilit ’ D.C. n’t ’intin etl e l e v a te d  at a p j ’ f o x  i n i t  o h  \‘ .‘ . 2 u 1 , 2 1

toy a I t l i o d  Pu t f-e l r i I ’ t i t ’d I I  I t t k ’ f ’ t l i I i t I  con~- e n t  i t t  11 - t i ; ;  i t  1 1 : 2 ; ’ . ,
when  t lie p i e — t i  i : ;I’ o :; i 1 l I f t I 1 I~ 10 1’ P inu p  N . ; i:’.a te . 1 i i . - ot t —

served inc 1 0, 1 : 10  in 0.0. 0 11 . 11 t 1’.! t i o n s  f i t ~~ i 1 ’  t i l t ’ I ’  I ItlIt L i l t i  I l i t ’
lioiuo 1, ent ’ i ~ y o t  t l ie  1 o \ tc  r 1) m e t e  f 9  01 w I  I t i ’  W I S  f f 1 0 9  t 1 L k t

c aused  Dv iii i x;  n1, ~‘ I : ; t t I  I l e t  W I  I e t s  i~~ : I Ii I tie W i t  t i :  He OW I lie

t i t t’ r ’moc I i t .  ~~i f t  i - ~~~ - i 0 10:1 . 1; 1 I t he  df t i t t  d :; 01 ii f l i t ’ f i t : ;  i J ~ 
t 1~~~U

d u m p i n i ’, and e l i t  x ’ t i i i r n e i i  1 ol  :;ui’t ice w i  t t ’ i - :; I f i t  o t h e  I t  1:1 W i  I t - f : :

resulted i i ,  an LI i cr e w; t d D.C. i n  I I ie: ;e w a t t - f - :; .

tempo r at  ur ’e , H .  C . p i E , inC ;; ci t c t O f  i ; ;1 - i f  ice  i i i  I. lie
water c o l u m n  W e l t ’ i i  so i f l o l i l t o f e d  I r out I he l lu ~I s o t i  I v  t h e  Coi p s

of  L n g i i i e e i ’ s— N t -w Y o rk  Hi :; t i  ic I p e f o t l I f i t ’ 1 u:; i i ig  t h e ir ’  }~I U P 1 ) 1 Y

Lnv  t f o f i I f i e I i t L l  P \ ’s t  t in :; (I lo 1lel  1) 5 1 1 0 ) .  ‘ u i  i :  UU i 1 S ;;t ’ nso i  i~~, 1 : - ’.

r a i se d  h u t  l owered  I lii’ e;igli ti t. w i t e f ’  co l u m n  Cur  i i~~ . t h e  iiiofii —

t t t r ’i I lg  of  the dump t o  t iO  t o  1 1111 f i t  C li.tii ~ e :1 i i i  I l i t  ;; t ’ I’d f ’ ifl1~ I CI’S

i i i ’OUgI ioU t t htt i s,  i t  c i’  c o l u i t t n  Cu  i i  u~-, 1 lie 01 U t  -so 0 1 1 lit’ : 1  ;it lv

D a ta  c~’ 1  1e1’ ted  wi  Ui  l I f t ’ I’L , fPSlOr u n  it  d u i ’im ’, Dump N t . .1 .ii e ~~~~~~

:;eii t e d  in 1 , 1  Ic 11 7 1’ . 1’f ’ t’—~lu f n p  I ,’ ; 1 4 3 — 1 2  : 0 7  h o ur s )  in C p o st  —d u i:i 1’
( iS :  1)0—15 : 07 110111’ :; , i t  t o t ’  p t  :1:; d f t ~ of  t h e  I ui’i I C c I ou ..l ) , t e f f l p t ’ I’ —

a lu re  , du Ll D .C. pro I l i t ’S L i t ’ i l so  p 1’t ’ :;t ’ f l  t cC i i i  l i  1~ Ui’ t ’ i t S  . l i i i : :

figure show:; that h o t  o r e  tiis I’ t ’:; ai , P . C .  con ct ’ f r t  i ’ l l  i ons  1’ . i l i i ’. t l I

troni about (1 m g/ i  ne a r  I he Sui’t l O t ’  t o  :.ero 110 11’ t lit~ H o t  t oni , w i t h

a thermoci  inc  at itl ~ t i , t  t h e  10—1 8  in d e pt  i i .  1 t ’ ; ;I l e  i i i  i i i ’ t’ v ii’ i e~I

with dep t i t  t r o m  19 . 5 t o thou  t 10
0

0 110 11 ’  1)0 t I on, . T h e  ~~1l l  t t i f f : ’ .

and values of t 1k’:; e two i ’ i  i’ h u t ’ t c l i ;  we f t  t ’ ; ; 5 t ’ f i t  L a  1 I v t lit’ :1 ’  t i l t ’ IS

hey hdtl t t t ’ t - ’ i i  l i st  k ’ f ’ L o T ’  I ~~t C Lsjt t : ; t 1  f l O l l ’  t i l t ’ } 1 t t t o i i  1 I ’ a l ’ l t ’ ~‘ . ‘ .i .

Fi gure  i i ’ ,’) cx t ’ept t l x i t P . 0. t ’ O f l C t ’ f i  I r i  t l o l l : :  De l  ow I lie IS Ui C0~ t II

were somewli t t lower ’  at  the  h u dson  tli,iii i t  t h e  hI1t t I n .

As ShoWn i i i  11 gui ’ t ’ 1 55 , t he p0:; 1 — d u m p  P . 0 . 1 t’ve 1 we ye

h i gher ’  t han  pt ’t’ — dump I t ’ Vt ’ Ii ; t lowi i  I o Thou t 14 . S ni. P t ’ I Wt ’t’ i i  1 0 1110

- i bout 20 m , post — dul f i p  leve Is were I es 5 t h ti i  p f ’ t’ —011111 1) 1 & ‘V t ’ is
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I v o l  t xvgeii , Tempt’i’ at t ire , p H and  1) p t ’ i t  i t ’

~~~~‘: c tu1 -  Li; i t t  P r o  t i l t s :  - * Nt ’w ’i 1 i ’ k B ig l i t

( L ’1’, 1]t ’~’ t e d  t r on i  the h u d son )  
- — —

I’ i ;s1I v e1i
‘t i me Dep t  hi U X V t ~ t ’ f i  Tempei ’a t  ut ’e :~~i ii in I V

( h r - : m i n )  ( in ) (m ~’ ’ 1)  ( ° C)  pH 
—

1 - ‘ . 5  19 .5  0 , 1
2 ‘ .1 1 - 1 . 1  -1 . 0

1 . 9  [ 0 . ’~ i’. .~ ’
I . ’ : ’ ; •‘ .1 ’ i~ . -i 10 . 9 0 . 1’ ‘. 0 . .’.

I . Li 1 . — l . 1~ . 1 11 . 3
it . 1 1 t’. , ;; . .

i i ’  1’ . 0 10 . 1) 0 . 0  _ ‘ . o  .

1 ,’ 5 . 0  1 0 ,1 0 . -. ’

1.’ : - ,’ 1 1 . 5.~~ 1 . 5  0 . 0  ‘ . 2 . 1
i i -  1 . 0 - . 5 . 0 3 2 . I

1 ’  ‘. . . t ’ 1 ’ . t t  .
2 . . ’ I L l  ‘

. 2 1 . 2
i ’ .’. . ‘ . 1’ ,‘. 2 . i

0 11 11 ~‘ . :t

1 ,‘ : :‘ 0 . 1 I . 1) ~ . 
- - . ‘. ‘ _ 1 2

: -
, 2 1 0. - i - i  . 0 1) . 1 2;” . —

,

1 9 .  ; 0 . 1  ~i 1i . 2
- ; 

- ‘ . ‘. 1 q . 1 2 0
1. 1 1 0 . ~~ 0 . 1  3 0 . 2
1 . 1 10 . 0 0 . 1

o ~- . 1 1 0 . ~; 0 . 1)
I 0  1’; . ’ . 0 _ ‘. i i . ;,

1 2  5 . 1  10 . 0 . 0
I ;

~ ~‘ . 1) 1 - .  
. 1’ 0 . 0 ;

ii S . S I t -  . -‘ 
• 1 ,‘

1 2 :01- 1~
’ L i . ’ T . , .; ‘ . 1)

I” . ‘
. - ; 12 . -’ ‘ . 1- 2 2 . 0

i i :  0 -
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.‘ 1 Ii 1 1 . 7 . 0 2 .’ . -
-

1’ 1 0 . 1  —

1 2 :  1-9 — . 1151 N , 1 I~ i
1 0..’ l~i . ;- 0 . 1  —

-
‘ o . _ ; 1 1 . 1, 0 .1 —

I . . 0 —

i- . ’ i ; .~~
; 0 . ’ —

5 5 . -
. 1 0 . 0 ;; —

I L ’ S  0 iLl 10 . 1; 0 .1 ’ —

1-0 ; - . 1 1 0 .  - 9 . , ’ —
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1 :, . 0 1 . ’ ‘~~ ‘i —
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Table 1475 ( C o n c l u d ed )

D i s s o l v ed ‘

T i m e  D e p t h  Ox y g e n  T emp e r at u r e  S a l i n i t y  ( /0 0)

(hr:min) (m) (mg/i ) (°C) pH

‘.4 . 5  I -L 19 9 . 1) —

5.9 19 . 9 9 . ’ —

19 5 . 8  18. 7 7 . ’~ —

10 1- .1 19. ’.; T~~9 —

12 Lt . 9  V .7 7 .9 —

1’.’. - . 5  17 . 1 ‘ . -
~ —

17 5 . 5  1 . 3 ‘ . R —

V . 5  —

19 2 . 1 U . 8  ‘ . 5 —

2 1 0 . 2  11 . 5  7 • 5  —

2 2  0 11.1’ 7 ’ . ’ .  —

fl 10 . ” ‘ .~~~ —

i c o o l 

~~~~~~

‘ 

1~

1 8 . 0 L~ ’
1 2  -- . -~ 17 .1 7.0 21 .5
in ;.~~ 17 . 7

. Q : 2 ,5
i S : - 5  i S  5 . - l~~.9

17 3 .~ I L  7 .
1 ;  1. ’. V.0 7 .5 3,L 1
:1 ‘ . 15  1 1 . 1  ‘ i i  —

15 :07 ‘2 (1 5 . 19 L ’  —

S ‘ : ‘ . . ,  1’ :~ s I no ‘i i C0}’1 [ni i~~
- - ’:;: ;~~- : ; ’ ii 1)i-~~t t -r s  ‘-

~~1t i1 0 lOi ci t -, 1 Disp lay — ~‘W I l ” i ,n-1 ) 1 ’ ’ I l I  eJ t’\ t ’0i [-s 01
no i r i o . ’ i - 1  N e~~ ‘;‘ i~~ 

[ i j  -

Il: ( — ) j  r : I i  ~t .  :1 i ; ’  i n .  . 1 : : ’ . ’ .  ~~‘nn ;, — i : I  I,; ,  i l ’
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D iss o l v e d  O ’vgen (ri o -‘1
4 6 : :

-~~

a 

- 

; 

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~

A a ~~~~~ ,~~( ‘:s
I .

4 b 8 IC 2 4 6 8 ~~‘

Temperature (°C)

Fi g ure 155

Pre- and P o s t - D u m p  1-~ i t e r  Co lumn 0 .0.  and T e m p e r a t u r e  rrof ilr ,s.*
New Y o r L  B i g h t  Dump No. 1 - H uds e r i

* Measurements made by CUE Personnel u s i n g  PtE SS E Y
p r o f i l i n g  system.

** Plotted v a l u e s  are means of two p r o f i l e  m e a s u r e m e n t s
made a p p r o x i m a t e l y  15 m m .  apart , 10 to 40 m m .  prior
to dump.
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i ;.~ H .  0. V-v~-l s  a t  .~l ru, ~~~ H e  l ow , 1.- ot h  p r e —  and l o s t — d u m p
vt - : - . o c : o  c: e s s e :;t  L t l  I ’,’ . e i- o . Th e suI t ace w a t e r s  were at

ess~~nt 1-Lily satu r-at lo f ; L o t  the tei::~-e~-ature anu -salinity of

t h a t  w t e i - .

It is d i n  I i c ; 1 t  L - . - 11: t er l ’ l ’e t  t h e  p r o f i l e  da ta  d u r i n g

t l l t -  I a n : : -  sinc e , as s h o w : :  i -y t h e  da ta  co l l ec t ed  at the  H a t t o n ,
tue  I:e~~0 I;’e~ 1 1 - ~ Lr ~1;~ e te rS  are  hi ghly variable during the passage
1 1 t h e  t u r b i d  p lum e

H.~avy  ; : c t - a1s .  Tables  ;70 and ‘4 77 present  heavy meta l

~~~~ t i  t~~ r :- ‘.~~~~ - h~- . 1. A t  the Hat t on ,  w h i c h  was t he  closer sam—

l’liug v e s S C L  to  t h e  di s p o sal  ,ire~i , small increases of zinc and
i l o :;  were  1 0 U~~~U :;ear the bat ten:. w i t h i n  t h ree  or fou r  m i n u t e s

aft er the darns . The m ci-eases coincided with the onset of

hi gh t - n - l - i d i t v .  ir ;c  c o n c e n t r a t i o n s  reached 50 pg/i 11.5 m m —

at e s  a f t er  t he  d u m p .  I n  the  n e a r — b o t t o m  w a t e r s  they remained

e l e v a t ed  for 35 ;sl:;utes. Tiie i -e  was an i n c r e a s e  in so luble  iron - ‘

which also c o i n c i d ed  W i t h  t h e  p as s a g e  of the turbid plume . The
l e a k  cou ;ce :;t : ’u t ions were  32  t o  75  p g / i  at 6 minutes  a f t e r  the

~~~s1 o sa l .  back gr oun d  c o n c e n t r a t i o n s  we r e belo w the detect ion

l i m i t  of 5 p g/ i .  :1 second increase  occurred  S to 9 m i n u t e s

a f t e r  d i sH ~’~;a l .  There was a lso a sli ght  increase in nickel  be-
tween  8 an-i 13.5 minutes after’ the dump .

Inc reases in manga n ese , cadmium , iron , and mercury
o c c u r r ed  a f t e r  the plume hail passed.  1-langanese reached 67 p g / i
3 3 . 5  m i n u t e s  a f t e r the dump , and cadm ium reached 1.0 pg / i  with-
in 2 2 . 5  minu tes  of the dump . Iron ranged from 22  to 65 P g / i

- h i t r L n 0  the ~~‘i~i.~i’ti  f r o m  2 2 . 5  tot  73 .5 m i n u te s  a f t e r  disposal .

‘-S’i’a :ry concentrations increased to 0.026 pg/i in several

samples  t aken  d u r i n g  this period. There w e r e  no si g n i f i c a n t

changes  i i ;  ch r o m i u m .  c r ~1- ei’ ,or arsenic concentrations as a

r-esult ott this dump .

The H u d s on  was approximately 100 m down bottom cur-

ren t  f r o m  t he  H at t on .  The b o t t o m  p lume reached  the H u d s o n

i b o t u t  8 minutes after the dump. S o l u b l e  heavy m e t a i s  on
H a t t o n  sa mple s  showc-~ t r ends  s i m i l a r  to  those seen in  the

10 32  
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samples collected aboard the H u d s o n .  There  were re leases  of
:inc and iron in the mid-dep th  and near—bot tom waters  which
co rresponded w i t h  t he  a r r i v a l  of the  t u r b i d  plume . D u r i n g
the passage of the  pl um e , zinc concen t ra t ions  ranged from
l~~~.7 to 3 3 . 3  p g / i  in the near-bot tom wa te r s  and from below
1 to 5 9 . 2  pg / i  in the  m i d — d e p t h  samples .  The e leva ted  level:
ie e n  in t h e  s u r f a c e  samples were  p robab ly  due to c o n t a m i n a t i o n

from the discharge of the deep w a t e r  sample  hose pump to the
s~, r t a 5 ’e w a t e rs  at  t h e  side of t h e  sh i p .  The i ron  concent ra -

tions in t he  n e a r — b o t t o m wa te r  samp les ranged f rom 74 to

4 3 1) p g / i .  There were two mid-depth SiimplI? 5 that contained

.‘leva  ted  i ron  c o nce n t r a t i o n s  ( 38 and  1) 5 p g / i )

The pat terns of de Live d inc rease of man ganese ,
cadmium ,an d i ron  s een  a t  t h e  Ha t t on  were  not  seen  ~it t h e

Hudson, 100 m CloWn bottom I ’ t or r en t  . A lt or- .~ rr  i v t  1 of t h e

p l u m e , there  wer e O C C O S  i on , l  e leva  t O l l  l e v e l ; of T n l n g C .in e se  and

c a d m i u m .  The hi t ’b er ;t  m a nf An e s e  l eve l  was 89 pg / i  a t  1 3 :  3 3 : 1 0

hi~~: , ,nd the to I hos t  c a d m i u m  s o f o c en t r i t  ion was 1 . 5 pg /i Cl t

3 : 2 1 ) :  10 h rs  . T i - o n  COfl l ’( ’ i l l i - i t  ion:-: c on t i n u e d  t o  I f l c f s ’ C , s s ’ , i f t  t’r
t h e  p lume p i s  r ed , ra the, ’  t h i n  decn reaa  i ng to  hi ’] - w t h e  d e t e c t  ion

l i m i t  and  r i s i ng  a g i i n  (a:;  they h~ d don e  at  t h e  H u t t o n )

H e  i’s t iry  5 once n t t a t  i on I S )  a’ d u r i n g  the p1 ionic pas —

t r otif t  i t ’s:; t h an  0 . 005 pg/i background levels to  peaks of
0.125 p g / i .  it  t h e  b o t t o m  ( 13: 2 9 : 5 5  h r ; ) i nd  0 . 1 8 5  pg / i  at nj ; ~~j —

p t h ( -~ : 32 : 45  h o ’s)  . A r s e n i c  i i  so i n c r e a s e d , f r o fu  back ground

l e v e l ; b e l ow  10 pi ~/ l  to 1) 0 p g / i  n e ar  t h e  b o t t o m , 3 2 . 7 p g / i  a t

h — d e p t h  - m d  ~~8.9 p g / i  a t  t h e  s u r fa c e . The l i t t o n  cof lC~~n t i ~~i —

t ’il: prob• ,b ly rosa  1 t 011 f rom the  con tami na t ion of n u t
w i t  e r r ;  f r o m  t h e  d t s c h o m i ’ ~~e of the  deep w a t er  samp le loose pum p.
There were no changes in c o n c e n t r a t i on s  of nickel , c h r o m i u m ,
lead , or copper ’ during the l f) Of l i  t o r in g  j ’er~ OS]

lUit- 
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Nitrogen compounds. The ammonium data for the water

samples collected from the Hatton during Dumps No. 1 and 2 are

presented in Table 478. This table shows that during Dump No.

1, ammonium concentrations in the surface water samples were

not affected by the dumping operation . Table 478 and Figure 156
show tha t in the bottom waters , ammonium increased sharply and

then decreased. This was followed by two more peaks ; concen-

trations fioialiy leveled off near pre—dump ambient concentra-

t ion s. The f i r s t  i n cr e a s e  in concent ra t ion  was observed about
f i v e  minu te s  a f t e r  the  d isposa l  concen t r a t i on  returned to

essen t i a l l y  ambient  l ev e l s  a f t e r  one hour . All samples col-
lec ted  dur ing  Dump No.  1 had n i t r a t e  co n cent rat ions less

t h a n  0 . 0 4  rug N / i .
The dnlmonium and ni t rate data for the water samples

c o l l e c t e d  f rom the Hudson du r i ng  Dump No .  1 are shown in Table

4 7 3 . S u r f a c e  and mid-depth concentrations were not a f f e c t e d

by Dump N o .  1 as was also observed for  samples collected from

t h e  d , t 1  I~ O f I .  A if imonj um c o n c e n t r a t i o n s  in the near—bot tom waters

~~~ p r e s e n t e d  gr ap h i c a l l y  in Fi gure 157 . Ammonium in the near—
h o t  to rn  W a t e r  I I L 5 - 1 - s- l s e d  sharply  about n ine  m i n u t e s  a f t e r  the

dump ; the  m a g n i t u d e  of r elease  was almost  the same as t hat
ot t : ci ve~1 h o r n  aC I f I i l ’ l e :;  collected aboard the Hatton. Ammonium

:dio wi ~h seine tluo t si t  l O f t  and f l o r a i l y  r e t u r n e d  to the ambien t

lev el after’ a b o u t  1.5 h ours .  There were flO apparent effects

o h  t he  dump on Ill t r a t e  C of l 5 cf l  t r a  t l O f t

h’hosp his ’l’uS com pou n ds . Tab l e  I~ 1)0 p r e s e n ts  the soluble

o r t h i o p lIs l :; p h a te  s’ O f l C C f I  t I~~I t i o f l S  i fi  samp les co l l e c t e d  from the
h a  t t o f u  d u r in g  Dumps  Nc: ; . 1 and 2 .  ‘l’he sol uble ortho P concen-
t r a t i o n :;  , t t . t he  Hudson ’ s locat ion dur ing  Dump No.  1 are pre —
; e f u  t ed  in TabLe p tm .i . P t j o r  to the d i sposa l  of the Perth Amboy

Ch itinc i si’s l l I i I e f l t  , ti m e :;urface so l u b l e o r th o  P c o n c e n t r a t i o n  was

U .  0 - 1 4  mi; P/I at  the  i i , i t  t on  and at or ft-ss t h a n  0 .  01 mg P/i

(de l e5 -t  ion  1 Lni i  t ) at  t h e  h u d s o n  . M i d — d e p t h , p r e — d i s p o s a l  c o n —

‘- ‘ t i l t  m i t  10015  Wt ’ f O  0 . 0 3 $  n~; l i / i  ~I t  t h e  h l a t t o n  and at  or less t h a n

103 ‘1
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‘l’abte I~ 73

A m t l f 1 u o f l i u m ~~~c m i c e f o t r a t l o f I :  New You-k Bigh t

)UIap No ;:. -i ~i :~~ 2 , Dred ged M a t  cr i a l
fro: :u i’ c r t h i  Amboy C ha nn e l

( C o  j j~ -c t e l l  f r o m  t h e  P a t t o n)

‘21  rI Do p t It ,- \ nim:u- a I am
(h o ’ :rnii u : :eC ) (no ) (m’ . h/i.

12: 4 1 :4 5 0 . b  0 . 0 1)

1 2 :~;4 : 0 0 12  0 .12
13 : 1 1 : 0 0  — • I S C -  I I I - ) ’

l : l : 1 5  0.1) 1 .10

1 3 :  2 1 :  1)0 $I  0. 17

13 : 2 3 : 1 5  0 . 1 7
1 3 : 2 3 : 2 0  0 . 5  3.111

1 1 :2 1 :50 2 4  i.37

1, 1 : 2 5 : 0 0  $ 14 0 . 7 m

13 :25:30 ~ 1 4 0.71)

13 : 2 6 : 1 1 1 1  74 0 . 7 1
1 1 : 2 0 : 3 0  ( 1 .5  0 .11
13:27 :00 24 0.57

i3 : 7 : l b  2 4  0 . 5 7
1 1 :7 3 : 0 0  2 5  0 . 9 1
1 3 : 2 3 : 4 0  $1; 0 . 3 5

1 3 : 1 0 : 13 2~i 0 . 9 2

1 3 : 3 2 : 3 0  0.11

1 3 :1 4  : 10  74 0 .1 ’ S

13: 1 6: 10 214 0.33

13 :15 :00 22 0.25

1 1 :1 4 1 : 1 0  2 ?  0. 13

1 3 :4 2 : 1 5  0 . 5  0 . 0 3

11: 52 :10 24 0 . 5 2

iP :10:30 24 0.39

114:3 1 :30 ~ m 4 0.27

114:52 :30 2 ’i  0 . 0 9

14:53 :10 14 0.71

( C o n t i n ue d )
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Table ‘4 78 (co n t i n u e~i )

Time Depth Aminonium
(hr:min :sec) (m) (mg N/i)

1 5 :2 3 : 55  0.5 0.00

i 5 : .~’4 : 3 O  24 0 .21

1 5 : 3 2 : 3 0  0. 5 0.00

15 :41:30 0.5 0.07

15 : ’ 4 2 : 0 0  2 4  0 . 2 0

1 5 : 4 2 : 1 0  0 . 5  0 . 0 7
1 1) :43: 00 2 14 0. 2,1

l5: 4’m:OO 0.5 0.01)

1 5 : 44 :3 0 — ~i i m p  No . -
‘ o~’ ’ u u i - i ’ o , 1  .

1 5 : 4 4 : 3 0  2 ’4 0 . 2 0
15: ’ i S : O O  ‘4 0.11
15: ’45:3 0 24 2 . 4 3

15:4 6 :00  2 4
15 : 4 0 : 3 0  24 1. 14

1 5 : 1 4 6 : 1 4 5  C ’14 11 .14

1 5 : 1 4 7 : 0 0  7’4 U . s _ f l

15 :4 7 : 1 5  2 4  1 . 75

15 : 4 7 : 15  0 . 5  0 . 1 1
15: 14 7 : 3 0  II 1 . iD

1 5 : 4 7 : 4 5  2 4 1. 41)
15: 48 :00 714 0 . 59

1, 5 : 1 4 8 : 1 5  2 4 1 .011

15: 1 4 8 : 3 0  2 4  0 .~~1)

1 5 : 4 8 :4 5  24  ( 1 . 44

1 5 : 4 9 : 1 0  2 4  0 . 1)5
1 5 : 5( 1: 3 0  .14 0 . 1)3

15:51:45 24

15:52:30 74 1.3’4

( C u l t  i flue )

1039
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Table 4 7 8  ( C o n c l u d e d)

Time Depth Ainznonium
(hr:min:sec) (m) (mg N/i)

15 :54 :30 0.5 0.08

15:56:00 24 0.61

15: 5 9 : 3 0  $4 0 . 3 3
1 6 : 1 0 : 0 0  0 . 5  0 . 0 8
1 6 : 1 0 : 3 0  24 0 . 4 0
10 :10:30 24 0 .41

16 : 2 5 : 3 0  0 . 5  0.11
16 : 2 6 : 0 0  74 0 . 2 1 4

0 . 0 1  rug P / i at the Hudson.  Co n cent rat ion s in the bot t om wa te r
pr ior  to t h e  increase in t u r b i d i t y  due to the bo t tom turbid

plume  were about 0 . 0 5 5  rug P / i at the Ha t to n an d ranged f rom
belo w 0 . 0 1  to 0 . 0 1 4 9  mg P / i  at the  Hudson ’ s loca t ion .

There appeared to be an increase in soluble ortho P

c on c e n t r a t i o n s  in the b o t t o m  wa te r s  at both sampl ing  locat ions

w i t h  c o n c o m i t a n t  increases in t u r b i d i t y .  At the  H a t t o n,  which

was 2 5 0 - 4 5 0  In down bot tom curren t from the  hopper dredge dur ing
d isposa l , maximum concent ra t ion  in the bot tom water  ( 0 . 2 4  mg P / i )
was observed eight minutes after disposal. At the Hudson ,  the
:smxin -,un m concentration in the bottom water was found about nine

m i n u t e s  a f t e r  the  dump took p lace . Al though the  t u r b i d i t y  va lue s

corresponding to two maxima were approximately the same , the

maximum soluble ortho P in the bottom waters at the Hudson,

0 .16  lug P/i , was less than it had been at the Hatton. The ele-

v a t t ’d so lub le  or’tho P concen t r a t i ons  at the Hat ton  lasted t or

about  lb  minu te s .  However , instead of r e t u r n i n g  to pre-disposal
levels , they leveled off between 0.087 and 0.10 mg P/i until

the next dump (about 1.5 hours a f t e r  the first dump). The high

1040
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Table 479
Ammoniu m and N i t r a t e  D a t a :  Dump N O . 1

New Y ork Bight  Mud Dump Si te
(C o l l ect e d  f rom the H u d s o n )

(rug N/i)

Time Depth Ammonium Nitrate
(hr :min :sec) (in) 

— 

(mg N / I )

12:51:20 1 0.08 0.04

12:52:55 12 ~ 11. 0 5  ~~11 . U 14

1 2 : 5 2 : 55 23 0.11 0.04

12:55: 1 0 1 . 0 . ( 1 5 ~U .04

12:55:35 12  0.24 0.04

12 :5 5 : 4 5  2~° 0.11) 0 . 0 1 4

13 : 0 1 :2 5  1 ., 0 . 0 5  0 . 0 4

1~~: 01: 35 2 .1 0 .  10 0 .  04

13:0 1:55 1.’ 11 .11 9 0.u1 4

1 3 - :  1 1) : 00 Dump 1 o c ct r rn ’e d

13 :21:50 1 0.06 0.0’i

13:.’? :05 1.1 9.10 tl .04

13 : 2 . ’ :10 ‘3 0 . 1 6  0 . 0 14

1 3 :2 6 : 0 0  1 0 . 9 1 )  0 . 0 4

13:26:35 ‘3 0 . 1 , 1

1, 1 :2 6 : 5 5  12 0 . 0 5  ~~U .11 ’4

13 :27:25 2 3  0 .  I i -  0 . 0 1 4

i i : 2 C ’ : S S  2 , 1 1.3 0  11 .11 4

1 1 : 2 8  :0 0  1 2 -- 11 . 111) 11. 114

1 3: . ’8 : 4 0  2 3  0 .0 1 1  (1 .1 114

1 , 3 : 2 8 : 5 0  1 0 . 1 0  11 . 0 4

1, 1 :2 9 : 10  ‘3 11 . t .’ 0 . 0 1 1

l-~ : 
‘ 1 :4 5  1 2  il . 1. ’ f i .  ~14

13 : 2 1 :5 5  (l • 2 {~ 11.1114

30 : 3b ,
‘ 3 (4 . Of ’  0 .  04

1 ~i : 111 : ‘15 12 ~1 . 1 il . C . 04

I L - ! ;  1 5 :- - . 1

9 14
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Table 4 7 9  (Co nc luded)

Time Depth Anmionium Nitrate
(hr:min :sec) (m) (mg N/i)

13: 31:15 23 0.16 0.05

13 :3 1:50 2 3  0 . 0 8  0 . 0 4

1 3 :3 2 : 0 0  1 0 .10  ~~0 . 0 4
11 : 3 2 : 3 0  23  0 . 0 9  0 . 0 5

1 3 : 3 2 : 4 5  12 0 . 1 2  0 . 0 4

l-~ : 33 : l 0  2 3  0 .10  0 . 0 4

13 :33 :45 23 0.40 0.04

13 : 3 4 : 3 : 1  2 3  0 . 2 1 )  0 . 0 5

1 3 : 3 5 : 3 0  2 3  0 . 2 1 )  0 . 0 4

13:36 :05 1 0.07 ~ 0.04

12 0 . 0 0  ~- 0 . 0 4
13 :30:25 23 0.41 0.04

1 3 . 3 1 ) . 2 0  73 0.29

13:57 :00 1 ~-0.0 5 ~ 0 .04

13:52 :011 12 0.06 0.04

1 3: 5 , 1 : 0 0  2 3  0.30 0.04

14:00:00 2,1 0.24 0.04

14 :12 :00 2 3  0.140 0.04

14 : 2 0 : 5 5  1 ~- 0 . 0 5  0 . 0 4

1 4 : 2 1 : 15  12  0 . 1 , 1  ~~0 . 0 4

14 : 2 1 : 1 5  2~i U ..15

1 4 : 1 1 : 0 5  1 0.00 0.04

14: 11 :25 12 0.14 0 . 0 5

i4:,~l : 3 0  2 3 0 . 2 1  ~~0 . 0 4
1~4 : h 1 ) : 5 5  1 0 . 0 8  ‘-0 .114

14 :5 8 : 3 5  12 0.11 ‘-0.04

14 : 5 9 : 3 0  2 3  0 . 0 9  N O . 0 4

111 ’4 3
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Table 480

Soluble o~ t h o ph c sp t t a t e  Concentrations: New York Bi g h t  Dump s

Nos. 1 and 2, Dredged Materials ft-cm Forth Amboy Channel

and Perth Amboy A n c b c r - a f e

- -— 
( 2 + 1 1 e c t e 1 f r o m t i ; , 2~~~~iC~~ r ;1  

1 t I l i t -  Depth 1)~~1u 1 I L I - I  ho l Ijp
~ 

F/I )

t : r : :~- ~n : se c )  (m)

0 . 5  0 . 0 4 ,
12 : ‘‘:00 12 0.03? —

13 : 1 9 — 91H~9 1.o - 1 o<: - : 1
13 : . : l S  0 . 5  0 . 0 1 8  —

l 3 :~~~1 : 5 0  ~ 1 , 0.050 0.0 3-1
13 :23 :15 . - . ‘-~~0 (-4 —

1 3 : 2 3 : 3 0  0 . 5  O H ?  0 . 0 9 1
1 ‘ : 2 3 : 5 0  $ 4 , 0,~~

-30 0.001
13 :25:00 14 0 . 1 1)  0
1, : 5 : 3 0  2 .  0 .2 0  — C

13 :26 :00 5, 0.11) —

I~ D $ E - : 2 0  (4 . 5  0 .2- 0 —

1 3 : 2 7 : 0 0  ‘ :4  0.2 4 0.001
13 :~~7 :l5 24 0.10 —

13: S : 0 0  5, 0 . 2 3 0 . 0 3 1
1 3 : 2 3 : 3 0  2 - .  0 . 2 0  —

1 3 : 3 0 :  _ 1Q 2 .  9 . 2 +  0 . 0 0 1
1 3 : 3 2 : 3 0  2 4  0 ’ ’  0 . 09 1
13:~ °. : 2 0  $ : , 0 . 0 1 ) 7  —

is : r - 3 0 2 C  0.17 —

13 : 3 5 : 0 0  2 2  :1 .009 9.001
1 1 : 4 1 : 3 0  2 2  0 . 1 3 -  —

1 3 : 4 2 :  I f -  11.5  0 . 1 15 3 -  —

1 3 : 5 2 : 3 0  2 14 0 . 0 1 )~ -
1 4 : 1 :1

: 3 3 -  2 4 fl~~~fl 9 L &  —

—
14 :52:30 0.054 —

l 4 : 5 2 : 3 C 1 24 0 .3- 1)7 —

1 5 : 2 D 5 5  0 . 2 ’ I —

1 5 : 2 - ~ :3 0  ‘I , 1 4 1 ‘ Cl —

1 . 5 : 3 2 : 3 0  0 . 5  ~1 . 0 : 1 )  —

tS:4I: 3 0 0.5 0 . 0 14 5 —

1 5 : - + 2 : 0 0  24  0 . 2 - 1 5 0 . 2 1 1
15: ’42 :30 0.5 0 .1 .’ —

4 3  — C C T I 9 . - - 0455’ !
15: 3 : 0 0  2 4  1 11 91 —

15: 4 - , :9 0  C
’
~~ . 5 1 . 1 1 1 ) ’  —

1 5 : 0 4 : 4 0  74 11 . 3 - 5 1) —

“ 14 0 . 1 )  —

.5 . f l . i l le  11

( C ontinued)
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1 5 - 4 7 : 0 9  ~ 4 , :1 . 1 1  1
1 1 ) : , 7 :  1 5 2~ 0 . 9 : 4  9~~3 - 9 1
- 5 : 1 , 

- : - . 2 . 0 1) 1
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: 3  - . 0H~ 41 0 4 1 1
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1 1) : .5 2 : (1 .1 ~‘4 ,  .31. 2 2 1  1)
1f ’ :5 . :O i l  ‘ .1 0 . 2  Cl

0 1 - - 0
5-1 : 54 1) . ‘0 1) . 011 1

1 0 : 1 9 : 2 2  O H -  1 9 5 5  1 : 191  —
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Table 481

Soluble Orthophosphdte Concentrations: New York Ei ~- 1 i  h u m p
7-c. 1 , Fre - i go I M o t e r i a l t  f r om  P er th  Ambo r CI:  4 ! : ’ : - ’  I

( d - ~ J l c - - - r e  I f t - - : : :  t h e  ! l u - i c - 5 1 )

Time D e p t h  Sol u 1:1~~~( : ho~~~~~~~~~~/ 1)
h : - : r l- i n : s e c)  ( 0 )  SD

17 : 5 1 :2 0  1 < 0 . 0 1
12 : 5 2 : 5 5  1 2  < 0 .0 1  —

12:52:55 23 0.011 —

11 :55 :30 1 <0.01 —

12 : 5 5 : 3 5  12 0 . 0 1 4  —

12:55: 45 23- 0.04~ —

13:01:25 1 0.012 —

13:01:35 23 0.0 3 - P 0.001
1 3 :0 1 : 5 5  12 < 0 .01 -

I 3 : i s i- Dump h o .  1 o c c u r r e d .
l 3 :2 1 : 5~~ 1 0 . 0 1 0  —
13:72:05 12 0.022 —

13 :12:10 23 <0.01 — C

1 1 : 2 9 : 0 0  1 < 0 . 0 1  -

13 : 2 ’  : 3 - 5  2 3  0 . 0 3 4  —

1 3 : 2 0 : 5 5  13 -  < 0 . 0 1  —

13:27:25 23 0.03-4 —

13 :77:55 23 0.10 -

1 3 : 2 9 : 0 - 3  12 < 0 . 0 1  —

1 3 : 2 8 : 3 0  23  0 . 9 9 3 -  0
1 3 : 7 8 : 5 0  1 0.028 -

1 3 : 3 - 3 : 1 : 1  2 3  0 . 0 6 4  -

l 3 : 2 3 : ’ + 5  12 0 . 0 3 2  —

13:2 3:5 5 23 0.131 0
13:30: 15 23 0 .033 —

1 3 : 3 0 : 4 5  12 0 . 0 1 4  —
13: 3 - 1 : 1 5  2~~ 0 . 0 6 7  —

11 :1 1:5 9 23 0 .001 -
13 : 12:00 1 0.028 —

1 3 : 3 2 : 3 0  2 1  11 . 1157 —

1 3 : 3 2 : 4 5  1 2  0 . 0 1 1  —

11 :33:10 23 0.067 —

13 :33: 65 23 0.091 —
11 :  1:~~:l0 73 0.050 -

13: 3 5 : 3 0  2 3  0 . 0 1 7  —

1 3 : 3 0 : 0 5  1 0.1)25 0
13: 30 :10 12 0.012 —

13: :75 23 O.CV~1 -

13: 3P:~ ’0 23 0.977 —

(Con t Intiod )
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were dumped , by scow , at the mud dump site. Figure 158 shows
the physical setting during this dump in which the Hudson was

positioned down surface cur ren t , and the  liatton, down bottoln

c u r r e n t  f r o m  the dump locat ion.  The c ap t a in  of the tow boat
was ins tructed to tow the  scow be tween  the  two boats and dum p

upon comJn dn d .

Wa ter column op t i cal  p r ope r t i e s .  Tables 4 0 9  and 4 8 2
4 1 ’ <’~ ;t ’ nt  t l i < - t u r b i d i t y  v a l u e s  901- water  samples col lected aboard
the t h a t  ton and Hudson  , t ’e -o~iect ive ly  dur ing  Dump No.  2 .  I t
0 4 1 4 < 5 4 4 ’ S  4 0111 these table s and Figures 145 and 1f~I1 that the only

si g n i f i c a n t  in c r e a s e  ill t u r b i d i t y  occu r r ed  in the near bo t tom

~ wat er a t  t h e  i la t t o n .  It  took in excess  of 4 0 m i n u t e s  fox’ the
t ;I1 ’hid  p lume neat ’ t h e  b o t t o m  to  pass  t he  I la t t on  ‘ s l o c a t ion .

E x a m i n a t ion of the  n e a t ’  b o t t o m  pe rcen t  l ight  ti’ans— C
m i s S i o n  d at a  ( F i g u r e  1.110 ) ob t a i n e d  by Gordon ’ g roup aI’os i-d

t h e  I L i tt o n  shows that t h e  b o t t o m  w at e r  t u b i d i t y  had i- < ’tu r n ed

t o  e s s en t i a l ly  4 1 1-c_ J ump l eve l s  by al ou t  0 .  5 111’:; a f t e l -  the  dump .
I i g’, u e  11-1 : :l iow:; t it a  t at the  posit 1<111 of the h a t  ton , no in—

<‘i’c .1: ; ed t urh  hi i t  v was  01) SC PVC <I  I I I  t h e  s Ut ’  f~i< -e wa I ei’~ . l owe ye r ,
t l ii~ Wa I el’s 1’~’ low 1) iii <11<1 shìow several p e r io ds  oh  <1ccri ’a;~ed

4~~ 5 < ’ C l 1  t I i t i  I t i ’d l iu i : ii  : ;s i o I l  i n d i c a t i n g  the  passa~~e Of t he  turb id
p l u m e . ‘l’he 4 e l - e c nt  li ght I i ’ a i t sn ii s s  ion v a l u e s  are h ig h l y  v a r —

; - i f ’ It ’ i t  t h i s  lo< - - i i  it ’ l l , in d i c i t  1119, a billowing characte:’istic

I 

< ‘1 Inc turbid p lume .

1h111c c 1 1 1 < ’ i lu d s o i :  W a: : po :; I t j < ln e(j  dcwn s u r f a ce c u rt -o u t

t i ” llI ( l ie d tur : ~j -  ; ; j t  < - , the t r,iii ;m iss< ’i::, ’t< ’i - wa: f i x e d  I t  I lie $ m

~~ ‘f j’th to m o n  i t or ’  1 5 1  S1i t ’ f - l < -e j ’ < ’ i’ <s~ i l t  li9ht I ) ‘ d i l S l I Ii S S l< l l i  dur in 1t

t i n -  passage  of t h e  t : i t - l ’ i < I  j Iume . l i i i - d a t 1 i  ~r< ’ j i ’ < - : : c i t t : e <I  in

l I S l e  1 5 .  l i : 1: ;c i t t i~i 1 ly  110 < ‘h I l l 9 , C Was  oL- :;e i ’v e < l  a t  th + - 3 m

di’ - th <Iti p i n1t i t U m f l j l  No . 2 . ‘ C l t < ’ :1 t - 15’;: tilt ~ i i td  ic I t e I hat the S us —

~~~ 4 ’ < ’ l l ~~t t ’ i  ::, - < I i m & ’n t  a : ;s< - < ’ i I t < - < ! w i t  it t h e  < h u m p  m< ’ve < i  w i  l I t  I l ie t o t  to rn

< ! U ! ’ t ’ t I I t S  , b elow t h e  t l i e l - i : : ~ ’~ ’l i l1e  , t 1 <5:1 t h e  <11 11114 1 s i t  C .  L i t tle

<51’  ilL ’ i Iict’O -I: l <’ LIt ~~t i t ’ l  I C C  W I  let ’ I ui ’h i d i t v  was n ot e d  a t  < - it h e r

:1 1 1 : 4 - 1  i ng  si 1 + ’ .
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Direction of
I surface current

— Hudson /
/ Direction of

/ 
bottom current

— Hatton

K E Y :  • Dump occurred

-__O. _-._p Approximate course of barge-scow

I -J looft .
Figure 15 8

Positions of Sampl i n g  Vessels at Mud Dump Sit e

During Monitoring of New York Bight Dump No. 2
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:li t ’ h i < i i t y  ~ a14I+ ’ :~~ New \‘ < i’k Bi g h t  l l umj ’ NC. 2,

t t  ei - u u l  11 1- e < i g e < i  t i - o n  9~ x’ t h Ambov Anc 1 I C ’

I : o l l + - c t e < 1  1 1 - on t h e  h h u < i s < 11 )

2 :1< - 1 < -p t  ii Turbidi ty
(h i : mm : : : e c )  ( i i i )  ( N I ’ S )

lb :.i 5:OU 12 1
C 

15 :  3 5 :3 0  1 1
S : 3 t ’  :4)0 23 27

3 3 — 511:4’ No . 2
l b : 4 4 : ’U 12 1
15 : 1 3 : 3 4 )  1 1
15: : 1 4 : 4 5  2 _ i .4 _ i
l : - : 47 : 1 0  12 0 . 0
1 5 :4 7 : 3 0  2 3  .1/
l1- H+ ’/ :30 1 0.5
L 5 : o l : U b  1 1
1 5 : 5 1 : 2 4 )  2.3 44
1 5 : 5 1 : 140 1 2 0.5

lb:S.’ :0 L) 1 1
I t - : 1:- :5:’ 1 0.7
1 0 : 1 7 : 11 ’  12  U .S
10:17:1:’ 3 8
11- : 1:- :.1 S 23 7

2 3  2
L t ; : l 9 :  30 1 0.0
lo:20:UU 12 0.1’
Jo : .‘O: , tl 2~ i 2_ i

CUt ’re I l  I : - .  l a l ’  <~ 4 5 3  show;; t lie e f t  e c t  S 01 ( ito < lump

< ‘ i i  t ito 1’ < ’ t t o l i l  c U i ’ t c f l t  :1 St t ilt ’ l l , t L  ton ’ :; 4 1 <151 t i o i i  . 1 itt ~ i’t’SU i t t ;

We Sc s ilit i las t < ‘ I, Lose :: Cell  Jut ’  i i t < ’ Dump Nc’ . 1 . ‘l’hci’e wa :1 a

:1411 ‘$, C 111 <‘41 P t ’CI l  t ye  1 <~c i t  V .1 S t lie 1’ < l t t < ‘I l l  p 1 UII1C passed t he

:: i iui p l i n4 ’, Ves :; cl  . 4 9 < - p eak  : l 4 ’ t ’c < l  , .‘ .1 k n o ts , was < l h Se I ’ V e < h  2
mi s: t ,‘:; a t  t i ’S dish ’s-i I . A: ; w i t  i t  Dump N o .  1 , t It o dii.’e< ’t ion o I

t L I t ’ <51 l ’ l , ’S t 1111< ’ I S I t  e<I ‘1 i~’,itt l v  d u i ’ i i~~’, 111011 t o r  114 ’, .

9j ;~~ ;< ’ 1y e <j o~~~~~~ ’i , t < ~~~’ ’t l ’ at  Ui ’t! , s a li n i  ty , and jlhi .

mt -c h i a n i 1 - , u I  Iv d i ’ + -~i , - . c< 1 I t - < ’i : :  t he i ’t’i’th Ambov An< -ho i ’a ge

W aS < 11: ;j ’eS t ’<l ot  a t  15 : 143 l i ’ :: . 1’r c —  an d  I’ < ’: ; t — < l . i : ;j ’ i’sal P . 0.

en i p t ’ I C I  t LI l~ t - , : a l i i i  i t  y , u id  p 14 4 ’ (  ‘0 t i los We i - e  made a t  t he 1 Ia I t  oit
I ’Iie 1 1 0 1 1  p i ’c : ;t -n t o d  i i i  T a b l e  14 11 14 and  F ;  9, t l i ’ e s  1 1 , 1 and I l i S
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Table 483

Bottom Current Velocity and Direction :*

New York Bight Dump No. 2

Time Speed Direction
(hr:min:sec) (knots) (°magnetic)

15:35 :00 0.33 225
1 5 : 3 7 : 00  0 . 3 8  260

4 15:38:00 0.46 265
1 5 : 3 9 : 0 0  0 . 5 5  280
15:40:00 0.41 175
15:41 :00 0.39 153
15:42:00 0.314 146
15 :42:30 0.26 130

15:43- Dump No. 2 began.
15:43 :30 0.25 1140
15:44:00 0.31 172
15:44:18 0.38 230
15 :44:36 0.80 228
15:45 :00 2.10 219
15:45 :18 1.20 210
15:45:30 0.60 195
15:46:00 0.30 219
1 5 : 46 : 3 0  0 . 4 6  211
15:47:00 0.’41 190
15 :47:30 0.23 190
15:48:00 0.12 142
15: 48:30 0.13 170
1 5: 49 : 0 0  0 .18  190
15 : 5 0 : 0 0  0 . 3 1 20 14
15: 5 2 : 0 0  0 . 2 2  230
15 :58:00 0.30 180

~C u r r e n t  meter  set at 27 m , 1 m off bot tom .

no appreciable  d i f ference  between these profi les . As shown in
F i g u r e  165 , the D .0 .  at 2 4 . 5  increased to 3 . 2  mg/i  from 1.3 mg/i
(the  ~ ac~ -pr c ind level)  six minutes a f ter  disposal .  There was

a steady decrease in D.0. levels thereafter. By 16:00  hrs ,
the-; returned to 1.14 mg/i.

The D.O., temperature , and pH profiles made aboard
the Flu~Jaor; are presen ted in Table 485 . While infrequent

mea surements  were made at any single depth , from the data
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Table 4814
Pre-. and Post-Disposal Water Column Profile:

New York Bight Dump No. 2, Dredged

Paterial from Perth Amboy Anchorage

Destination Depth Temp D.0. Salinity
and Time (m) (°C) (mg/i) (°/oo) pH

Pre-Disposal
(15: 30)

0.5 20 9.6 30.5 8.2
3 20 9.7 30.5 8.2
6 19.5 7.2 30.5 8.1
9 19 6. 14 30 ,5 8.0

12 18 6.3 31.2 7.8
15 17 6 . ’4 32.0 8.1
18 15 5.14 31.2 8,0
21 12,5 3.3 32.0 7.8
214 11 1.14 32 .8 7.6
25 11 1.3 32.8 7.6

Post-Disposal
(16:05)

0.5 20 9.3 30.5 8.14
3 20 9.4 30.5 8.4
6 19 7.7 30.5 8.3
9 18 6.3 31.2 8.1

12 17 5.8 32.8 8,2
15 15.5 6.3 32.8 8.3
18 14 1 4 . 6  3 2 . 8  8 . 1
21 11.5 2.1 32.8 7 .7
24 ii 1.3 32.8 7.8

available there were no signif icant  changes -in D .0 .  resul t ing
from the dump ing operatio ns . The d i f ferences  noted in the D .0 .
profi les pre- and post—Dump No. 2 (Figure 166) at the location
of the Hudson, from 0.5 to 1 mg/i , are probably related to dif-

ferent water masses passing throug h the region and not asso-
ciated with the dump . This is based on the fact that the Hudson
was positioned down surface current from the dump and that the
p r e— and post-dump surface concentrations were essent ia l ly  the
same .
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Dissolve d Oxygen (m g/ i )

I 2 3 4 5 6 7 8 9 10
C , I ‘ I ‘ I ‘ 1 ‘ 1 ‘ I ‘ I ‘ I

2 -
• DISSOLVED OXYGEN 14
£ TEMPERATURE

4 -

6 -

8 -  -

10- -

1 2 - - 
1’

E

-

4-’
0.
U)

1 6 -  —

1 8 -  —

2 0 -  -

22- —

24- —

Bot tom I i I I

I 3 5 7 9 ~l 13 15 17 19
Temperature ( C)

Fig u r e  163

P r e - D i s p o s a l  W a t e r  Co lumn Tempera tu re  and D i s s o l v e d
Oxygen P r o f i l e s :  New York  B ight  Dump No. 2 Ha t t o r i
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Dissolved Ox ygen (m g/ i )

2 3 4 5 6 7 .8 9 10
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

E~~1
Bollorr I i I i I i I i I i I i I i I i I i ._...L.......

I 3 5 7 9 ~I 13 15 17 19
Temperature ( C )

F i g u r e  164
Post-D isposal Temperatu re and 1 i s s o l v e d  O~~y q e n  W ,, .ter  i o iun i n

P r o f i l e s :  New Yo rk Bight Dum o No. 2 - H,’, t t C ~~n
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85

___________ ~- : ; , : C . ,~~~~~~~C ’ i and ~~ }1 L f i l e s :’C

~~~~~~ ~~ - : k  4~ :~~ i~~ ~~~~ :;o. 2

~~ a l i e c~~cd ~ i o m  the :~~ I : z C : )~~

T1::~e - ~‘: 1 .~ i .5SO l9e~ :.; ~e i d t a r e  i_ -H
( i i : -  :m l : ; )  ~m )  x’; - - e : - . 

(
C~ 

~~)( ;:~~ / i )

1 19.s 8.0
2 5 • 7 19.o 8.0
3 9 1 9. 6  8.0

-‘ . 9  5 .~~ 18.9 8.0
7 . 14 1 8. 5  7.5

S ~.8 18.7 7.9
10 9 . 7  18 .5  7 . 9
12 + • - ‘  17 .3 7.8
1-- 9 . 1  ~ 7 . J  7 . 8
15 ~ .5 15.7 7.8
17 ‘~ • 3  ~ 3 . S  7.6
I i 2 . 5  1 2 . 8  7.5
11 0 . 7 5  11. 4 7 . 1 4
2 3  0 10.3 7.3

lb : -, - C : 3 0  — h o .  -
15:45 1 13 .0  19.~ 8.1

2 10 .2  19 . 5  5.1
3 s . S  19.2 8.1

9.1 15.1 5.0
9 . 5  7 . 14 15 .5  8 . 0

15 : 47  1 9 . 5  17.5 8.1
2 8 . 5  15. 4 5 .1
3 5 . 3  19 . 2  8.1

-
~ 8 . 6  18.1 8.1

4.5 8.0 18.8 5.0
5.5 7.7 18 .8  8.0
1 5 . 3  19.6 8.1
2 9 . :  1 9. 5  8 .1
3 9 . 3  19.4 8.1
4 8.8 19.3 8.1

4.5 5.7 18.9 9.1
15 :50 5.5 5.1 18.8 8.0

1 8.8 15.5 8.1
2 9.0 15.4 0.1
3 5.8 19.2 8.1
4 8.5 18.9 8. 13

4.5 8.2 18.8 8.0
1 5 : 5 2  5 . 5  7 . 14 15.8 8.0

( C o n t i n u e d)
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‘l’dble 4~~5 ( C o n c l u d e d)

‘l ime Dep th  D i s s o l v e d  Temper ~i t ur e  p H
(h r  : mm ) (ni )  O x y g e n  ( 0Y )

(m ~~/ 1)

1 8 . 6  19.14 8.1
2 8.7 19.4 8.1
3 8.1 19 .4 8.1
14 9.2 19.14 8.1

4.5 9.1 18.9 8.0
15:58  5.5 9.1 18.8 8.0
16:1-3 1 0.8 19 .5 8 .1

2 10.1 19.5 8.1
3 9.9 19.4 8.1

3.5 9.7 10 .2 8.1
1 4 5  0.2 18.0 8.1
5.5 7.1 18.8 8.0
1 9 .5 19.5 8.1
2 0.’! 19.9 0.1
3 0.1 10.4 8.1

4.5 9.14 1 0 . 0  0.0
5 7.2 18.8 8.0
8 5.5 18 .7 8.0

10 4.8 17.9 ‘1 . 9
12 2.8 17.0 7.6
114 1~~,9  16 .5  ‘1 . 8
16 9.0 1 5. 3  7 . 8
17 3.9 13. _I 1 . 0
10 .1.1 11.7 7 .9

15 : .10 ~~ 0 11 . 1 7 . 4
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,34 to b Y p g / i  ~~t~i the near  b o t t o m  wat e r .  Iron release showed

two peaks : 1396 p g / i  2 minu tes  a f t e r  disposal  and 1965 ~g/ 1
(a t  15:4 ’?  : 3 0  [ir s ) .  Z inc  was r e l eased  in th ree  w a v e s .  ‘the

c inc  concen t r a t i ons  ranged fr o m  10 . 1 to 2 9  p g / i  in the  f i r s t

wave (Petween 2 and 3 m i n u t e s  a f t e r  d i sposa l) , f rom 3 .7  to
25.9 Pg/i in time second wave (between 4 and 5.5 minutes after

disposal), arid from 17.6 to 2 6 . 2  p g / i  in t i-me t h i rd  wave ( f rom

8 to 2 5  m in u t e s  a f t e r  d i s p o s a l) .  This  w a v e — l i k e  p a t t e r n  fol-

lowed the  genera l  p a t t e r n s  seen for  changes  in percent li ght

t r an anr i s s i o n  during pa;;sage of t he  t u r b i d  p lume . The 291 pg /i

va lue  of n i r i c  in the s u r f a c e  samp le  col lected at 16 :10:00  hrs
was l i ke ly  due to c o n t a m i n a t i o n  d u r i n g  sampl ing  or a n a l y s i s .

Cadmium , c l i romiwu , n L -k c l , lead , arsenic , mercury ,
and copper were released in smal l  amoun t s .  Maximum concentra-

t ions  were 2 . 5  p g / i  cadj i i iun i , 5 . 6  p g / i  ch romium , 11.0 pg/l

nicke l , 22 .4 pg/i lead , 12.7 pg/i arsen ic , 0.051 pg / i  mercury ,
ariJ 8. 3 Pg/I copper .  The S inp i  e surface c o n cen t r a t i o n  of

0. 139 p g/ i  mercury was ~i 1no l i k e l y  a i’esul t of c o n t a m i n a t i o n .

Table 148’! -ahows the  so lu l ’le  m e t a l s  in samples cc ’l—
l ec ted  at the Hudson, w h i c h  was down surface current from the

d u mp . One su r f ace  : , ;:;p Ic ccl1e~’ t c d  three minutes a f t e r  the

dump had a hi gh c o n c e n t r a t ion  of manganese , 4 8 6  p g / i  and a

slightly elevated ai’neiiic co r ic el i t r a l  ion , 2 0 . 5  p g/1. Other

sur face  w a t e r  sam p le s had metals  con c e i;t i ’ at  i on s  gen e r a l l y  in

F the back gi ’o-and ran ,pe 01’ sligh t ly at i ov e  it. Some ncar bot torn

water samp les showed e I e v a t e d  i rot ; c o n c e n t r a t i o n s  ~p to 120

pg/i 5 i t  seven ininu t en after the ~l im n ip

N i t r oge n  compounds .  Tim e surface water anun otm iurn con-

c e n t r a t i o n  at the Ila tto im d u n n 1 ’, Dump No. 2 was not  affected by

the dump . As shown in ‘ a b l e  108 , in the  bottom water , amnion ium

rose sharply one minu te a l t e r  tire disposal , t oliowed by t h r ee

increases  and a level ing o f f  near  ambien t  concen t r a t i on  a f t e r

abo ut  40 m i n u t e s .  H i g h e r  ~- imnro r r iu rn  concentrations were f o u n d

1065
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Table 4 8 8

Anunonium and N i t r a t e  Data: New York Dum p No. 2

(Collected from the Hudson )
(mg N / i )

Time Depth Ammonium Nitrate
(hr : m i n : s e c)  (m )  (ru g N / l )

15:35:00 17 0.14 <0 .04

15:35:30 1 0.06 — 0.0 4

1 5: 3 6 : 0 0  0 . 1 7  C 9 94

1 5 : 1 4 4 : 2 0  — Dump N o .  2 o c c u r r e d .

1 5 : 1 4 1 4 : 3 0  1 0 . 16  0 . 0 5

15:144 :45 2.3 0.19 9~~05

1 5: 1 47 : 1 0  12 0 .11  0 . 0 5

i 5 : 4~~ : 3 O  2 3 0 . 15  0 . 05

15: 4 7 : 3 0  1 0 . 12  ‘— 0 . 7 1 4

1 5 : 5 1 : 0 5  1 0 . 1 0  < 9 ~~911

1 5 : 51 :2 7  7 3  0 . 0 5  0 . 0 5
1 5 : 5 1 : 4 0  i t  0 .11
1 5 : 5 2 : 0 0  1 0 .11

1 6 : 1 7 : 1 5  2 2  0 . 7 2

1 6 : 1 8 : 1 5  2 2  0.1-3 fl i) 5

1 6 : 1 9 : 1 5  ~-‘3 0 . 18  9 . 0 5

t O :  ‘0 : ‘ Li 2 2  7 1 5 9 U

during Dump No. 2 t han  d u r i n g  Dump N o .  1. Nit i- 5i t e co l ;c~’ri  1 4 —

t ions  were aga in  below the  d e t e c t ion  l i m i t  c i  0 . 0 4  :It ’. N / i  t~ ’r’

all samples c o l le c t e d .  Dump No . 2 appeared to  have rio e~
on the ammonium and n i t  ra to ccncentr,it ions i n  t h e  wa I en ’ ccl nun

near the H u d s o n .
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Phosphorus c o mp ou n d s .  Dur ing  Dump H o .  2 , the sol-

uble o rt h o  P concentrations (TahIe ;O Q ) of t he  li atto nm ’s bot tom
wa ter samples fluctuated grea t ly but a~-p eared to increase over-

all. As with the other chemical parameters , the fluctuations

in phosphorus seemed to follow the wave-like character of the

turbid plume . This fluctuation and increase roughly corres-

ponded to changes in percent light transmission and turbidity

level. Concentrations rose from the pre-disposal range of

0.08 to 0.1 mg P /i to as high as 0 .22 mg P/i after the dump .

Forty minutes after the dump , the concentrations near bottom

had not returned to pre—disposal levels.

In the near bottom waters , near the Hudson (Table

1489), there appeared to have been some release of soluble
ortho P following the dump ; however , there was no correspond-

ing increase in turbidity . There also appeared to be a s l ight
increase in mid -dep th  wate r , fr om 0.0146 rag i/I before the dump

to 0.11 rag P/i alter it. Again , this increase may have been

spur ious  or related to a factom’ other than turbidity since the
turbidity did not increase in the mid-d ei-- th waters during the

dispcs~~i operat ion .

The surface turbidity did not appear to have in-
creased at either sampling location during Dump No. 2. There

did appear to be a slight increase of soluble ortho P in the
surface water at both locations following the dum p. Near the

Hatton, concentrations incr’eased from 0.0146 to 0.12 mg P/1

before disposal to 0.28 mg P/i four minutes after the disposal.

Abou t 20 minutes  later  the concentrat ion was found to be 0 . 0 8 6
mg P/i. Down surface current from the disposal at the Hudson

the sur face , pee-disposal soluble ortho P concentration was
Q .02l to 0.031 mg P/i. The concentrations reached 0.17 mg P/i

one minute after disposal but decreased to ambient levels -three

minu tes la ter.

Dump No. 3

Hopper dredged mater ia l  from Bay Ridge Channel was

disposed of in New York Bight Dump No. 3 on del-tember 1, l97i~.

10u8
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Soluble Orthophosph.i t 4 ’  O o n c e nt r at  ions : New Yor’~ Si ~1t I Pum t ’
-
l Dredged Mat e l - i  S in t r em Pe r th  Arnb cy An c h e n - ,  ~‘e

(Cd lei’ted rem t h e  H u d s o n )

—~~ - - 

Time  Depth Soluble Or tho  1~~~~~~~~ ’ l )

h r ’ :m i n : s e c ) (in ) SI’

15:35 :09 12 0

1 5 : 3 5 : 3 0  1 0 . 07 1  —

1I’:$Or’9 23 0.055 —

15: — ‘; :mp N o .  2 oc5 - u n ’ r ’ e d .
15:104:20 12  0.052 0

1 1 : 14 1 4 : 2 7 1 0 . 1~ 0

‘9.13 0.001

15 :-c’: 10 Itt 0.11 0.701

2 7  0 . 1 7  0 . 091
1 0 . 0 2 0  —

1 5 : 5 1 : 0 5  1 0.025 0

15 :5 1 : 2 k ’ ‘3 0.0’14 ‘.001

112 —

1 0 .031 —

I f l . ;”- I

1 5 : 1 7 : 1 5  1 2  0 . 0 5 0  0 ‘.1
1 0 : 1 7 : 1 5  ‘3 7~~~~- t 5 ’ 1  1

1 6 : 1 5 : 1 5  Ii . ‘S ~‘ . ‘ ‘ ‘ ‘

1i , :lsl : IS 0 . 1 5  1

1 5 : 3 5 1 : 2 0  11 0 . 0 7 0  II

it P

U — : 2 0 : 2 0  2$  ‘ 9 . 0 5 ”  -1

md : t L j f l s I , l I , 1 ,t , ’v~~~t i on  5 - 1a~’ u 1 . i t  esi ’ ; ’ , - -’ du p i i s - i t , ’ . i i ; i l v t z e s  el

- 
-

- i t h  1 —  ) 1 l I s t  - - I - - i ’ll V i ’ t t ~~’ ~~~~~ ic w e - mslv t-’d
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F i u ; - , - 167 nt -m ews  t he  l o cat i o n s  of the two s amp l i n g  v e s s e l s
wi th respes ’t  t o  t h e  p it h  of the ~~~~~~i ’ L 1 i 5 .  The w e a t h e r  on -this

isv was f , r  i n ’ with air temperatures aro und 65°F (19°C) . The

se~in were n-oil i ni’, with I hree t e four ’  t oot swells , and some
nh ito c an s  n o  n- c v i g i  bi e . By noon ; , t h e  swol is had in creased in
sin e to 12 -to 15 ft.

The i r e i o e  r e le a se d  . np p r o x i mat e i  ‘s’ halt (-3000 Cu vie

o f  i t s  Ic, ii cii  -r c o u r s e  n o r t h w e s t / s o u t h w est  . It I hen t u rn e d

ar id  made a p~is s n o r t h ea s t / s  ~‘;n t hwe s I an d  d t impe d the  remainder
of  t he l e n d .  These  d u m p s  - i r e  n - e  l e e r e d  t o  is  D u m p  N c : ’ . ,IA , ind
3D . The H u d s o n  w a n  l o c at e d  60 in -L ’n ’ n D o t  torn c u r - r e n t  f r om  t h e
i ,; t ten. The d ir e c t  i o n ;  01 1 he c ; i t - i - o n t s  i n rin c  t h e  d u m p  w o r e

such t hj t  b o t h  s mmp l i ng  v es se l s  w~’r ’e m h I e  to  m o n i t o r -  the tui’l’id

p 1 nines t h a t  cc en reed he m w  t he  t h e  i -nec  l i n e  a; - is I n i ’, I i - c m t ’c t h

- nm .

; ‘e : 168 in , !  169 111 05 ent t u r b i d  it v data for wa L i ’

samples coIi o c t  ci rican’  h o t  torn J i m - i  i n g  D u m p  N o .  7 fr o m  , m h c , i n ’ d

th e H a t t e r ;  arid }-{u -t-: , ’n , r e s pe c t i v el y .  T h i s  d 5 n t a , as w eJ l  as

- ; n - t ’  I , t i t v  v a lu e s  a t  eth e r ’  d e p t h s  a I t h o se  loca l i o n s  are  pn’~’—

sen t ’ ’ - ! i n  T ab l e s  ‘IOU , ~t n~ I 491. The ~t i t a  in  t h e  t ab l e s  e t r o w  t h a t

;e t ’ t’  w- j I  i ; ’  d I scet’n lb 1,’ i nc n ’o , i  so i n  t r n r h  iii tv in the sui ’ lace

I r e  I cc .  i t  i ons  o 0 e I t h e  r of  t h e  samp 1 i n  ~, yes  Si’ is

F h e r - ’ r i - r e  i r ~~~,! t o  have  been  ~‘no s l i g h t l y  ~‘ l ’ v m t  cii v a l u e  it  m m —

depth i t h e  l l r n l n 5 ’n , b u t  t h e r e  w a s  no cor ;-e: :~~on d i n g  I ncr ’ej se

i n  - n i ! —  ‘p h  water’ i t  t h , ’ i L i t t o n .  T h o r - , ’ a;’p e i r ’ t - s ! t o  ha~’ ’  b e en ;

h i - ’ ’  - : m ’ - D  I v t ” ’ - ’~~~:~ I i i  n ear  i’o I I era n’s tees i ; ;  Su::oe i , it i on  wi

fl unm’ ‘1 ‘ : . 7’\  n i l  B .  A t  I he H a t t o n . t Im e I r e t  t we ot  t h e : ; , ’

o c c u n ’r - , ’ - I I ‘u ;’ - i i i ! 
~
‘ ~- h t m i  n u t , ’:; 1 t~~ ’1’ D u m p  M c .  i ,’\ ;  5’ l i i i  ;‘d

(‘cc’ n n - n - ” , ! t iv~’ m i n i m  I , ’ :; a f t e r -  Dump No . $ 5 .  ~~~~~~~~ 1 5 ’11 ‘I  t m - s e ” l e \ -  , t -  I
cel l , m ’n t e , i  t - ‘115 we ’ ’ ’  i pm’r- ’ x irn ,it e Iv 2 , 1 1 ,  a r id 71 ’ nil t r i m  l ’ s ,
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Table  1I90

Turbidity Values: New York Bight Dump Mo.

Dredged Material t~~e;n Bay Ridge Channel

( Co l l e c t e d  from ti-m e Hatton)

Time Depth T ur b i d i t y
( h r : m i r i : s e c)  ( m )  (N T U )

11:11:00 0.5 2.6
11:11:145 12
11:12:10 21~n 12
11:18:15 0 .5
11 :18 :145 12 0.5

11:19: 00 — l ame N o .  7:\ cc~-u r ’ n - e i
1 1 : 1 9 : 0 0  2 14  i i
11:21:30 2 1,4 10
11:22:30 0.5 0 .8
1 1 : 2 2 : 1 4 5 12  0 . 5
1 1:2 3 : 0 0  2 14 6 1-n O

11 :23:30 12 0.5
11:23 :45 214 16
l 1 : 2 1n : 0 0  2 14 37
1 1 : 24 : 3 0  12 0 . 5
11 :25 :15 2 4  182
11:25:15 74 7 0 0
11 :26:00 12 0.5
11 :27:00 21-n
11 :27:30 12 0.5
1 1 : 2 9 : 0 0 0 . 5  2
1 1 : 2 9 : 3 0  12 2
1 1: 30 : 00  24 3 8 0

11:3 2 :15 — Dump No. 3B O c c u r ’ m w ’ s i .
1 1 : 3 2:3 0  0 . 5  0 . 5
11:32:45 12 0.5
11:33:00 214 —

11 :33 :145 12 2
11:314:00 24 66
11 :314 :20 12 Q~~7
11 : 3 1 4 : 4 0  24
11 :35 :00  17 1
11:35 :30  24 30
1 1 : 3 6 : 0 0  17 7
11: 3 6 : 1 5 24 —

11:36 : 145  12 0 . 5
1 1 : 3 7 : 0 0  24 1410

(Cont inu ed)
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70 a :m - ~ 17 1  -~h- , ;-: ihe ::;a i~ t ; ’u n d s  in ;- - ecen t
i,im~ -a: ,c::~ ~ss i e n m  near  bc t t o :m:  .u~~ s e v e r a l  o t n -~1 ~~~ 

t h - a

- i u r im , l ,  Cur:,es los. 3A an ~h an nu-r 1 i tore ~: D v C c- i -Con ’ s g m - c u p

aL~ arC the ii , t - .  a. The , — :  I - - r n s ~ :, -i I i mes c.f d e e m - eases  saC

iL~- i ’eases i;. p e r c e n t  li gh t  t ra i sm i s s  ion in t h e m  e a r -  i ’ott c i :  vu —
t ees  cur ia  t I m e  dum ~.’ mor,i~~ ;~ i up  - -‘ -m-r’e spor md ed to tim ’ increases

and , i C C 1 - ’~~~~i t t C S  i n  t a r b sd i t v  JS p m - e s e r i t e d  1;; Fi~ m m - c 3 6 8  - Cs  v -m s

ind i c a t ed by t h e  t i a ’ hid i t ’ v  values , t i m e  - e m - c e n t  11 ,5~ t t i - a i l s —
n l ssj - c ; ,  in th e  s u r f a c e  w a t e r ’  n e a m  1 : - ’ a t  t c ;~ r emained at 100

p e r c en t  t ; - u m ;  ;m i s s i cn  d u m - i m ,: the m o r m i t o r i n i g  p e m - i - ’ J  ( C i gu r e  171
‘i’he de~ i-ease in t’~~’~ en~ l igh t  trani smissiom ; t o m m r m , J  it  m i d — d e p t h

at  about  ii : LI 2 hrs  ;-a r h O t  r e t )  ~~c t  c- - I  in t h e  t a rP ’  - i t t  lv ;- m e a m a u ; - e —

mer ;ts because L I C  d e c r eas e  arid  in c re a s e  t~ ’ mi:mm- ie mm t levels was
r a p i c  . and rn 1 1 —  epth v-a s tie t sam ple d  at  t h e  line of time decrease,I

l i g h t  t i l r m s m m s s i o r m .  Foi ’ all o t h e r ’  t i m e s  , - e r - e a t  l i gh t  l eans—

:cissi~,-m: w . mmn 100 per -cerm t I i i  : C  a -- e p t u  w a t e r ’s
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Table 491

T u r b i d i ty  Values:  New York Bi ght  Dump No. 3
Dr edged Ma t erial from Bay R id ge Chan nel

(Col lec ted from the Hudson )

Time Depth Turb id i ty
(h r : m i rr : se c )  (m )  (N TU )

11:19: 00 - Dump No . 3A occurred .
11:19:30 1 0.5
11:19 :35 12 0.5
11:19:40 23 46

11:32:15 - Dump No . 3B occurred .
11:32 :50 2 3  270
11:32 :59 12 0 .3
11:33:15 23 185
11:34:00 23 52
11:35:55 12 0.14
1 1 : 3 5 : 5 5  23 54
11:36:00 1 0 . 5
11:37:00 23 2 0 0
11:37 :10 12 0.3
1 1: 3 7 : 1 4 0  23 260
11 : 3 8 : 2 5  12 160
11:39:05 23 42
11:39:50 23  100
1 1: 1 40 : 3 0  1 0 . 5
1 1 : 1 40 : 3 5  23  16
11: ’4 1 : 2 0  12 0 . 4
11 :141:25 23 52
11: 42 :20 2 3 32
1 1:4 3 : 0 0  23  9 0 0
11:143:45 23 480
l1:~~4:35 23 680
1 1 : 4 5 : 1 5  2 3  3 3 0
1 1 : 46 :0 0  23 3~~0
1 1 :4 7 : 0 0  2 3  4 4 0
11: 47:35 2 3  1140
11 : 1 48 : 2 0  2 3  1+ 10
1 1 :4 9 : 0 5  23 ~ 70
11:49:50 23 220
11 :50:45 23 2 2 0
1 1 : 5 1:3 5  23 210
i , l : 5 2 : 3 0  2 3  1120
11 :53 :30 23 170
11:54:25 12 0.7
ii :54:32 1 0 .13
lI :514:32 23 it ’ ll

(Conti riued )

1076

_______________________ —



1~- Ii ~ I ’  i n ‘ I  ( C  ~r~- - I i i -  b I )

I1 e m - l  Tm J u r ’ I i d  i t  v
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) ( N i H )

[1 :5 -:51 1  1 2  i t
1 1 : 5 1 :11 5 1 )

1 1 : 5 2 : 2 1)  7 3  ) L J

12 :014:0 5 12
1 2 : 0 4 : 1 11 2 3
1. ’ : 1 ) 4 : 4 0 1 0 . i ’

i l l - ’ a ite n ’ ~- - a i m m ; : i r  i - m e  li e s  Oi the i e m c e m ; L  li h ~l bI t I

mmm i s sion t e n -  t he  I i r a i s c n  D e l  -ce - a r m - I  a f t e r ’  Dump No . 3  ire ~~i C ~~

s e m i t e - I  i t ;  F i 1-, ur - e  [ 7 2 .  t h e  C V , )  L t i  above tO m : m e t o r , m  ~~- J i I i i t o - J  110

d e t o c t a h l e  ‘ l : i m r i ’, t-’ afte n - tire L t : l t U j . C h m e i - e  v i e , l n - m ov~ -
, a c- - m c —
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It m c i-cas e d  t o  110 p er c en t  a l - - m t  Ion - ’  l ) lhImll t es l i i  ‘ n  a m )  e
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thei ’moclinie  (a t  13 to 114 in d e p t h)  j ’e : I ;tccmj  01 sl~ - ’,~-c~I down the

1 i,1 U t  IOfl k t -000sscs  tha t would  nor im m a l ly  1 , 5  ur .

t ; i i - 1- ’c n t  s. Table 1+02 pi ’esents the relevant c u r r e n t

v e l o c i t y  - i a m d  d i r e c t i u m i  dat a as miie asu re d by B.  b io l l i d a y ,  C E — W E S ,

al it ’ ,l the liatton . l ’hece was  a smu’ge in spi ed 
~~~~~ 

o xi t na te l y

~ i l it ii;inm m t es ~ t I ci’ Dum np N o .  S~\ and a I o m m g c l -  b - m t  less i n t e nse

s . m  i’ge b e  g inn  inip, about  r ~iiir mninu tea dl tei - Dumm ip I to . 3 B. b’ho n- c

w a -a m m ~ ’ change  1 m m  d i r e c t i o n  o t  t h e  cur-rent due to these dumps

D i s so l v e d  Oxy g e n ,  t d n m p e t - 3 t U r e , sa l in i t y  and p 11. ‘ t I m e

11.10 . , L C ’ i : L ~ - c rd t ; mi ’o  , s a l i n i t y ,  ami d p11 p r o t i  b e e  w or e  minade prior to

t ) u m i m p  f l u .  3. c’im ~’ d a t a  , i m - ~ p r e s e nt e d  in  ‘l ’ iI-le 420 . ‘li me t l m e m ’ m : i c —

C [ i a ~.- , at 12 t o  14 m m , dp v ’c d l’S to  hd\-’e m i m i  ~‘, m’ -it ed s -t : meu i ia t  teicai ’~l
- t : m e s ;2~~~acc  - cm~ ; - , i ; - e i  t o  s i m i  J a r  ofiles taseni ti-me p n ’ ev icu s

d ay .  I n n  t ;ne  edm ’I . i e l ’  p r of i l es  ( T a b l e  17 . ) a m i d  F igu r e  151 ) , n ; m c

t i i o n ’n m o c l l l t e  a pp e a l -e d  to l’e loc at cd  at ic t o  It ) meters . ‘line

f L g m~~1’ L t e r ’ m ; i , c c l i i m e  is t-e~m 1 i J y  seen in F i g ; m r ’ t, 17 1 1  - 
-

‘li ie- s t ;~-tacc C .  r e a d i m m t -, s v, ’ m ’ C - ;:, ‘~. a ’ v i m , i t  h i gher t h a n  S

hey lld . boci m iame j ’ L ” e v;~~’;n ’  ~~~~~ 9 .0  rug/i ~ 1ii , 1 l O 3  t ’  8 . 1  n a g / I .

l i e  I - g’crat urL val ;m ,- :; fell u’ it lm imm the  ra:~~’, c @ s t  n ,L She , l  t h e
C, my - m c i i ’  as did Cd 1 t f li  ty

F’ i gimt-e 17 5  pr~ - s e m i t ;  tile 1). 0. c - i m , : e n r l i ’ a t m o m , s - t 24 .3  A

1~~~~1 2 i - i n - m g  H u m p No . 3 .  ‘ h o m e  u~~s am i m m c i ’ c a o ~ to  2 . 0  rmm p, /l f m ’ e m ; m

.4 ;mig /l e a r  tly a f t er  I :u l - g  h o .  3 A.  l i e  D . C .  l o v e ; ; -  i ’ C ’ t U l l i C J

- lii- .; 1-~ m c k g c o m m m a t  r a u l i - , e s e e m ;  a t  t i -i ’  b i t t  J f EH n i l i c r ’ C ’ s ; C ’d a t  1, - i ’

; ) m t m : L 1  N o .  3 D .  ~‘ mi ~~;; I [me the l , / \ ’ el m : r - e m , n i m m c d  C , ‘~~~m t e , i  t e L ’  0\,’ e m ’

3 m )  m n i m m a t e , ; .
D o t  - i I - i t ’ ~ 11 - 0 . , I ‘- m mi i  ‘t ’ n ’ i t  i t ~- - - m m  m~1 ph - m c t  I C ’

me t i m , m - I : oni d n l i ’ L m l g  C L I n t -  h ’~0 a i n ~~’ t I m e  0 0 1 1- ;  01 I iit ’~~—

- i -  1; I ’L L H I Y  n m n  I arc p m ’ m e ~’n t  - t i .n ‘ t ’ ,mbl i -  i - i S  . t a b l e  25

so l V e  P.O . conicen it m i t  LOll p 1-el ~~‘. S d at u m ’, t h e  ; - ; o m m i t o r t  i i ’, p~ c L :.

L - t i i  i - i t  i- : n -~~ i t u - m~~e t a t L o e  :i b iL ’ CV , t ; m - - t  i ’’, O i  t m m ~ ’ m i g l m  ~‘ 1 l i \- :. , ) i I
~~’

e u 1 1~ - c t e d  t o  - m  b’ 1 - tli U i  4.5 in con e c~~1t ci C L I  p r io i -  t o  1 - 1-H 1110. ’
t i , 0. 0 . t a i t - m - -s  I m m  t i m e  ‘ m ~ - ‘~~~~ 

114 .3  iii fl - e d i c t  a i n l e t  , - , m ; , ’ Dv

i i~ c m 1  I o 2 i l l ’, / 1 ‘a ;  i i n ’~ , t i e  I i i  - : - 12  .1 m m  I ii I C V I I  i L l ’  N - ‘ • - ‘
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Table 4 92
Bottom Current Veloci ty  and Directi on : *

New York Bight Dump No. 3

Time Speed Direction
(hr:min:sec) (knots) (°magnetic )

11:11:00 0.15 260
11:13:00 0.08 160
11:15:00 0.05 210
11:19:00 0.10 255

11 :19— Dump No 3A began.
1 1 : 2 1 : 0 0  0 . 0 9  215
11 :22:00 0.20 235

1 1 : 2 2 : 3 0  0.30 230

1 1 : 2 3 : 0 0  0 . 5 3  2 3 5
1 1 : 2 3 : 3 0  0 . 4 7  2 3 0
11:24:00 0.28 221
111:24:30 0.13 205
11:25:00 0.07 195
11:27:00 0.00 —

1 1 : 2 8 : 0 0  0 . 0 7  2 0 0
11:29:00 0.15 210
11:30:00 0.12 168
11 :30 :30  1.50 210
11:32:00 0.10 180

11:32:15 — Dump 140 36 began .
11:32:18  0 . 1 5  2 2 0
1 1 : 3 3 : 0 0  0 .13  170
1 1 : 3 3 : 3 0  0 . 1 2  149
11:34:00 0.13 1’42
11:34:30 0.01+ 120
11:35:00 0.05 250
11:35:30 0.08 2110
11:36 :00 0.20 190
11:36: iC 0.1+8 165
11:36:30 0.60 165
11 :36 :11 ? 0.73 160
11 :37:00 0.77 165
11 :37:18 0 .68 179
11:37:30 0.614 195
11:37:42 0.58 207
11:38 :00 0 . 5 2  221
11:38:18 0.45 208
11:38:33 0.41 _ 0 2
11:38:: , ? 0 . 3 9
11:39:00 0.36 17?
11:19 :30 0.30 182
1 1 : 1 + 0 : 0 0  0 . 2 6  2 3 6
11:110 :30 0.2~ 243
11:41:00 0.12 270
11:41:30 0.18 210
11: 1 m 2 : 0 0  r . 1 1 L  ? 1 S

i~~ ’t - e f l~~ mi - t e a  set  at 2 , m , 1 . 5 i t ,  - m l  t

i c o i i l c l c - - 1  L’~’ B. r o 1 l i - ,I~~’- ,’~ CL WLS .

108 3

iL ~ 
• 

- - - . --
~~~~~~

-r
- ~~~~~~ -



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Table 1493

Pre—Disposal~ Water Colun mma Profile: New York

Bi ght Dump No. 3, Hi-ed ged Material

from Bay Ri d ge Channel
(Collected at the Hatton)

flepth ‘I’orn~i D.0. Salinity 
- - -

( m )  ( ° ‘ )  (mg/i) (°/oo) ph)

0.5 19.5 9 .0 ~~~~~~ 9. 7 

-

3 19.5 8.8 29.0 8.7

8.6 29.8 8 .7

9 12 .5 8.0 2 9 . 8  8.7

12 l~~. ml  6 . 5  3 0 . 5  8 . 7
11 16 5 .8 31.? 9 .6
14 15 1 + 5  111.? 8 .5

15 114. 6 ,~~.2 31.2 8 .3

19 13 2 . 5  -32 .0 8 .3

21 1? 2.2 12.0 9 . 2
21+ fl 1 .6 31.2 8 . 0

~Tim’:e — 14:00.

Insufficient measurements were made in the upper water (sur-

f ace  to about  114.5 m ) after Dump No. 3B to c h a r a c t e r ize  chan ges

in D . 0 .  tha t  may have resul ted from the dump . The D . 0 .  ccci -

cen t ra t ions in the upper waters  about 30 minu tes  a f t e r  Dump No.

3B were h igher tha n they had been at the t ime of Dum p No.  5 A .

The D .0 .  val ues at 16.5  to 18 m ranged from zero  to

1.8 m g / i  dur ing  moni tor ing  while below 18 m all va lues  wer e

essen t i a l l y  zero dur ing monitor ing . Since a comp lete p re-
disposal bottom water D . 0 .  pr ofi le  was not made , any c hdn t - c  in

bot tom concent ra t ions  r e s u l t i ng  f rom the dumps i s  unclear , in-

d i ca t ing  t h a t  there  may have been a reduc t ion  in 11 .0 .  in  the

near bot tom waters at the Hudson fo l lowing  Dump N o .  OA .
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Table 1494

Dissolved Oxygen, Temperature, and pH Profiles:

New York Bi ght Dump No. 3, Dredged Mater ia l
from Bay Ridge Channel
(Collected at the Hudson)

Dissol ved
Ti me Depth Oxygen Temperature

(hr :min) (m) (mg /i) (°C ) pH

11:15 1 7 .9 19.4 8.0
11:17 2 8 . 3  19. 14 8.0

11:18 3 8 .2 19. 1+ 8.0
11:18 14 8 . 2  19. 4 8.0
11:18 1 4 . 5  8.2 19 .14 9 .1

5 . 5  8 . 3 19.4 8 .1
11 :19 - Dump No. 3A occurred .

11:19 6 8 . 2  19. 3 8 . 1
11:19 7 7 . 7 19. 1+ 8 . 1
11:20  8 7 .6 19. 5 8.1
11:20 9 7 . 6 19. 5 8.1
11:20 11 6.6 19.4 8.0
11:21 13 5.1 15.9 7.9
11:21 114 .5 10.2? 13 .8 7.7
11:21 16.5 1.3 13.1 7.6
11:22 18 0.8 12.1 7.5 4

11:22 20 0.3 10.9 7 m ~
11:23 22 0.2 10.6 7 .14
11:23  24  0 . 3 10.2 7~~~14

11:24 22 0.3 10.6 7 . 4
11:214 20 0 11.1 7.5
11:2 4 18 0.4 12.1 7 .5
11:25 16 .5 0.5 13.1 7 .5
11 :25 1 4 . 5  1.5 13.2 7.6
11:25 13 3.1 15. 4 7.7
11:26 11 6 . 4  1 9 . 2  8.0
11:26 9 7.5 19.5 8.1
11:26 7 8.9 19.14 8.1
11 :27 5.5 10.0 19. 6 8 .2
11:27 14 10.1 19.4 8.2
11:27 2 ~ .8 19. 4 9.2
11:28 1 9.0 19. 4 8 . ?
11:28 2 9.7 19. 4 9.2
11:28  4 9 . 5 19. 14 8.2
11:29 5 . 5  9. 4 19. 4 9
11:29 7 8.8 19. 14 9 -

_

1 1 : 3 0  9 7 .8  1 9 . 5  8 . 1
11:30 ii 5 . 8  ) - l • 3  9 .1

L 

11:31 13 5.2 15 .0 7 .9

( C o n t i n u e d )
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Table 4914 (Continued)

Dissolved
Time Depth Oxygen Temperature

(hr :min) (m) (mg/i) (°C) pH

11:31 14 . 5  3 . 0  114 .1 7 . 7
11: 31 1 6 . 5  1.3 12.9 7.6
11 :32  19 0.6 12.0 7.6

11:32 20 0.2 10.8 7.5
11 :32 22 0 10.3 7.5

11:3 2 :15 - Dump N o .  3B occurred .
11:33 2 1 4  0 10.0 7.14

11:33 2 2  0 10. 1+ 7.5

11:33 20 0.1 11.6 7.5
11 :31+ 18 0.3 12. 7 7 . 5
11:34 L6 .5  1 . 2  1 3 . 9  7 . 6
11:34 14 . 5  L~~~9 18.6 7.9

11:35 13 5.9 19.3 8.0
11: 35 11 7.7 19.6 8.1
11:35 9 8 . 5  1 9 . 5  8 .1
11:36 7 8.5 19. 14 8 . 2
11 :36  5 . 5  9 . 5  1 9 . 1 +  8 . 2
11:36 1~ 9 . 6  19. 4 8 . 2
11:37 2 9~~L~ 19. ’4 8.2
11:37 1 9 . 14 19. 14 8 . 2
11:37 2 9 • 14 19. 1+ 8.2
11:37 14 0.1+ 19. 14 8.2
11:37 5.5 9.1+ 19.14 8.1
11:38 7 8 .7 19. 4 8.1
11:38 18 0. 7 1 2 . 2  7 . 6
11:39 20 0 . 3  10 .9  7 . 5
11:39 22  0 . 2  10 .5  7 . 6
11 :40 24 0 10.1 7.5
11:40 22  0 10. 14 7.5

11: 140 20  0 .1  11.7 7 . 5
11: 14 0 18 0 . 3 0  12. 14 7 . 5
11:4 1 16. 5 1.0 13.0 7 . 6
11: 141 18 1.0 12. 14 7.5

11: 1+1 20 0.1 10.9 7.5
11:42 22 0 12 .6  7 . 5
11: 142 2 1+ 0 12.6  7 . 5
11:142 22 0 11.8 7 . 5
11:43 20 0 10 .6  7 . 5
11: 143 18 0 10.8 7 _ S
11: 1+3 16.5 0 12.2 7.5
11: 144 18 0 . 2  11.8 7.5
11: 1414 20 0 11.1  7 5
11: 144 22 0 10.6 7.5
11:414 2’4 0 10.7 7.5
11: 145 22 0 10. 14 7 . 5

(Continued )
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Tilde 594 (L’Ot 1 t I n u e d

Li  s so 1 v e d
“ime De-pth Oxygen Tc-rai~eraIure

(bu- :min) (m) (ng/l) (°C)

11:145 20 0 0.5 7 .5
l l:~~S lB 0 12. - ; 7 . D
1 1 :-C 16.5 t. ~ .0.4 7.’I

19 2. 12. 7 7.5
2 ’  0.5 12. 1 7 .5

1 1 : 17  22 0 10. 1 7 .5
11:~~ 7 2 14  3 10, 7 7 .5
11.07 2 2  -D 10. 7 ‘7 . 5
1 3 :4 7 20 3 11.3 7.5

18 0 12 .—. 7 .6
1l :- ~ ,-i 16.5 0.6 13.1 7.6
1 l : - ’ 8  18 0.7 i 2 . -~ 7 .6
11.09 20 0 . 4  11 .7  7 . 3
1 1 :4 9  2 2  0 ] 3 . m ’- 7 .5
11:4 9 24  0 13 . 5 7 . 5  p
11 :50 2 2  0 11. 5 7 .5
11:5 0 20  0 11 .1 ~? .  C
11:50 18 0 i s .  3 ‘7 .5
11 :51 16.5 0.7 13 .~ 7 .9
11:51 18 1.1 1 2 .3  7 .6
11 :5 1 2 0  0 11.1 7 . 5
11:51 22 0 10.7 7 .5
1 1 : 5 2  2 4 0 1 0 . 5  7 . 5
11:52 22 0 10.8 7 . 5
11:52 20 0 32.0 7 .5
11:52 18 0 12 .4 7 . 5
11 :53  1 6 . 5  0 . 8  13 . 4 7 . 5
11:53 18 1.2  12 .7 7 .5
11 :5 3 20  0 . L n 12 .0
11 :54 22 2 10 . 7 7 . 5
11:5 14 2 4  0 10 . 6  7 . 5
11:56 22 0 10.7 7 . 5
11:54 20 0 11.9 7.5
11:55 18 0.6 12. 7 7 .~:
11:55 1 6 . 5  1 .8  14 .1 7 .t -
11:55 18 1 .3  1 2 . 7  7 . 5 -
11:56 20 0.5 11.9 7 .6
11 : 56 2 2  0 1 0. 9  7 . 5
1, 1 :56  2 14  0 10. 5 7 .3
1 1: 5 7 - 2 2  0 10 . 8  7 .5
11 :57  20 0 11. 5  7 . 5
11:57 18 0 . 1  12 . 3 7 . 5
11 :57  l n . 5  0 . 5  13.1 ‘7 .5
11:5 8 18 0.3 12.1 7 . s

(Con I iniied )
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Table  ~494 (Concluded )

Dissolved
Time Depth Oxygen Tem perature

(hr:min) (m) (mg /i) (°C) pH

11:58 20 0.3 11.8 7.5
11:58 22 0 10.8 7 .5
11:5 ~ 2U 1) 1.0.7 7.5
11:59 22  0 10.6  7 .5
11:59 20 0 11 .3 7.5
12 :00 18 0 12.2 7.5
12 :00 16.5 0.6 12.9 8.6
12 :00 18 0.7 12.5 7.6
12: 01 20 0.2 11.3 7.5
12 :01 22 0.’4 10 .7 7.5
12:01 25 0 10.8 7.5
12 :01 22 0 10.7 7.5
1 2 : 0 2  20 0 11.2  7 . 5
1 2 : 0 2  18 0 12 .1 7 . 5
1 2 : 0 2  16 . 5  0 . 5  13 .3  7 . 6
1 2 : 0 3 18 1.1 12 . 2  7 .6
1 2 : 0 3  20 0 . 3  11.5 7 . 5
12:03 22 0 10.8 7.5
1 1 : 0 3  2~ 0 10.8 7 . 5

22 0 10.7 7.5
12 : ; ) t ~ 20 0 11.6 7 . 5
1 2 : W ~ 18 0.1 12.5 7 .5
12 :05 5 .5 0.8 13.7 7.6
l~~:05 18 1.2 12. 5 7 . 6
1 2 : 0 5  20 0 . 5  11.6 7 . 5
12 :05 22 0 10.8 7•5

0 10.9 7.5
1 2 : 0 6  2 2  0 1 0 . 9  7 . 5
l2 :0~ 20 0 11.7 7.5
12 :07 lB 0.5 12.5 7 .6
12:0’! 16 .5  1.0 13.7 7.6
12:08 15.5 5 .5 15. 3 7.8
1 2 : 0 8  13 5 . 8  18. 3 8 . 0
12 :08 11 7 .8 19.6 8 .1

9 8.6 19.5 8.2
li :09 7 8.7 19. ’4 8.2
12 :03 55 T Q • 3  10 .5 8.2
12 :10 10. 3 1~~.6 8.2
12:10 2 1 0 . 1  1 9 . 6  8 . 2
12: 10  1 9 . 6  1~~.6 8.2

i ,n n ’e m en t s  m ide u s i n g  P T 1 ~S~~E~Y !3 iv i ron rnen t  al Sys tems;
I i  8 5 0 ( )  D L~ it a l Disp Liv — own~~J and ope rated by

i’or’ ps of Eru.’ . r ’ ~~ — N~~w ‘i~~~ k D i s t  ~ i t
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~~~~-Wo-~ i ~~ 1 -t t~ t u e  i - .O .  L O L I W 15 UI I 1 u e ~ : w i t h  do~~- t h  f I-u i~ C 3 .2  to

1. t.i :r~ I1.

3 . t t e !  CO i urrJ r  t er : ei i t - ~ r - e ~, euora1ly  ranged I r~~ abc-ut

- -J - i ~ . e u u i - : ac~ W I  t~~i I  t~~ u L c o ~t 10. 5°C in too  near  b c -t t c r .

~~~~~~~~~~~~~~~~~~~~~~~ ir ~o ’, J LCI no t  1-e r r -  to  have ~f f e c t e J  w i t e r  co lumn

t C 1 ~~1I 0~~C c r - e . ho . 0.  C O I I C C r t ru t 1:- no in t face  w a to  r u

n e r o  ~~~ Ot n oV o  b LI S~ i t  C 1 I _~~~ I ) I 1  t o  t h i s  t~ U~i~
e l O t  (Fe dO- u a l in i t y .

t u s .  i ub l e s  II ~ O o i l  4 Y 7  show the  C l u b i c

CC t C i ~ CO f lCt- I t O O  C O O  t i  tl - u  r~ los t ak en  . r~ r. the tw~ l oc at i on s
I l - . 3. ( I C  2 . ~~ u t  o h oi :  i C O J . t  ef f e c t  of t oe  dump ai~d

1.e  on m e t a l s  c~~n c C i )  r o t  ion s  W u ;  • ‘ ie L -uer ’ve o  increase  in iron -

ie’.’en sam ples , i l l  o t  n r l I c ; 1  w e re  ussoci-ited wit: ,~ l~~v i t e i  t u r —
44

b i J i t v ,  ha~ ~o nce t  r a t i o n s  over  1 , 000 j~~/ l .

100fle ) ! O O O t  1 l t IC m O  j f l  t he  n e i r  b o t t o m
w I e r -

~ ~~~~~~~~~ f rom lo- ~~ t h i n  10 ( l o t e - t i C r I  l i m i t )  to ~ 4 ug h .

° t ; I v  t o  - - s u m p i  en  r o i  I r o n b o t t o m , -il l  i n  the  second plume ,

c o n t -n i n o j  Coo n~~r - r t m  - h i C ~ h c I  i h a r ;  ug- ’i - Those  1 0000-1
r-~~m 60 to 93 pr/I rn - ui none - M e r - o o rv  co n ce n tr at  ions inc reased

in  m i  - I — d e p t h  m l  n e ar  O t t  Cm w a t o r s . In t he  m i 1 — d e p t h  samples

~~~ 0 - - 4 f l C’ O f l t i 1 t 1  Ii~~ U I ’ O -~~~~t i ’ - m U  les s t h i n  0 . 0 0 5  ( e t ot i on  l i m i t)
C C 0 . 1 7 7  ~ c / 1 rn- - i -  n V .  The b ot t o m  samples  ranged to ~m less t h a n
0.005 too 0. 1l # P to~ /l rner-cw’v . Conc~~n t - i -~~t j o n ~ i n  the four  surfa ce
- om p t .• -

~ r 101I ’d t r em less t h i n  0 . 0 0 5 to  0 . 0 6 2  1i~t / l  m er c u r y .
V ery t o w  s a m p l e r ;  col 1 ote d  coat  r i n o l o i n c  or cop p e r ’

0 t1 ,~c ntr~itions ovet’ the detection limit (1 pg /i). The highest

in c  ccon cen tl-u t ion WC1 O 25 .9 p~ / 1, f o u n t at  t h e  rre u b o t t o m  2 .  5
111 C; - I C 

~ 
- 01 ‘ C ) f l C t  I C .U1~~~~. he t i l i - 0Iii~ ’ 1) ’ C i i  (1 0 1 0 ’ C l i —

cen t t ’ i t i - n n  i b C CV O  I c t o c t  I C r ;  limits ( 1 3  m d l v i  t u a l  s a mp l e s)

r i  ii ~~~ - Cm I . 2 to  I 0 p r / 1 11C - The h i o~he u t  coppe r O Of lC O n —

r - t t  r o t ;  tue i n u r e  was 59 pg /i near’ t h e  bot tom Cit 1.75 m m

-i t o r t h e  co°cond ~Ium p - The o ther  11 con c en tr a t i o n s  abov e the
- i .  - t  i o n  l i m i t r C r m r ~~~~ 1 t rom 1.0 to 3.2 pg/I copper .
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Solub le  lead and irsenic concentrations also showed

moderate increases as a result of the dumping operation. The

highest lead concen tration was 21.5 pg/i in one near bottom

samp le. Others above the detection unit (1 pg/i) ranged from

1.1 to 8.E pg/i. Background arsenic levels ranged from 3.1

to ~ .7 pg/i. Maximum arsenic concentrations for near bettor ,

mid-d epth ,and surface samp les were l’-L8 , 13.l,and 10. 7 pg/l ,

respec tively. There were no significant changes in -o a - i m i - .rr ,
chromium ,IC’r nickel concentrations resulting from t h e  th±r - -~
‘i io~~o s al .

Soluble heavy metals oono’entrations in he samp les

collecte-J on the Hudson (Table 14 C~~7 )  showed the same pattern seen
in the samp les collected on the Hatton. The Dump No. 3A p lum e

reached  t h e  Hudson  ap r ’r o x im a t e l y i~4 t o r t  a f ’,eo m o ~‘j r r :o .  The

second riume reached the Hudson approximatel y 10.75 mm
af°o~” Dump N o .  ?A. There  were elevated iron concentrations

ossociate-.4 w ith all bottom samples which had a high turbidity

hie to the p lume passage. Concentrations in the first plume

reached ‘-~29 pg /i iron and in the second plume reached 15 86 pg/i.

V ery few samples contained manganese , cadmium , ar—

se n ic , c-r merc ury concentrations above background levels. Back-

ground concentrations of manganese ranged from less than 10

to 158 pg/i at surface , mid-depth, and bottom. Samples taken

ir -1 the plumes near the bot tom ranged from less than 10 to
l~~7 pg /i manganese. Background cadmium levels were below the
detection limit at all depths . Samples above the detection

limit ranged from 0.5 to’ 1.1 pg/i . Background arsenic concen-

trations were 4 .9 to 23.9 pg/i . Samp les col lected during plume
passage ‘- aioged from less than 2 (detection limit) to l~5.6 pg/i

li 0 0 0 ni c .  Background mercury concentrations were uousually

high. Surface, mid-depth, and bottom concentrations were 0.020 ,

0.080, and 0 .1 15  pc/i mercury , respectively . One bottom sample

collected approximatel-° 10 minutes after the dump contained
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0.207 pg/I mercury . The ot }II ’rs contained f rom 0 .010  to  0 .100
pg/i mercury . t t  ~i11 depths .

Th Iot’ ,’ was some release of chromium , zinc , lead, and

copper. F C t 0 ~~~~~~~~~’ ( ) I t 1 C C 1  ch romium concent ra t ions  were below the
)le t C u t L - m  l i m i t  ( 2  pg / i ) .  A number  of samp les f rom su r face ,
m i C 1 - I h ’ p th ,. u C ~ u ’ ,-i~ bottom taken during the passage of the second

turbid plum - ’ contained concentrations ranging from 2.1 to 14 .0
pg/i chromium . Background zinc concentrations were below the

detection iimit of 1 pg/i at surface and near bottom dnd 1.2

pg/l cinc 11  mid—depth. Concentrations in a few near bottom

and mid-d epth sampies in the first piume ranged from 3.8 to

121.3 pg/i zinc. Concentrations late in the second plume

ranged from 1.0 to 8.6 pg/i zinc . Background lead concentra-

tions ranged from 2.3 to ‘4.0 pg /i. Bottom concentrations in

the first plume reached 8.’ pg/i. In the second plume , lead

concentrations in near bottom water were generally 1.6 to 8.5

~g/1. One samp le contained 53.9 pg/i lead . Copper concentra—

tions prior to Dump No. 3B ranged from 1.0 to 3.8 pg/i . Many

samples collected during passage of the plume had concentra-

tions below the detection limit of 1 pg/i. Those above the

detection limit in the first plume ranged x’om 1.0 to 3.5 pg/i

copper. Those above the detection limit in the second plume

generally ranged from 1.3 to 12.6 pg/i. One sample contained

71 pg/i soluble copper .

Nickel concentrations prior to the arrival of the

plume from Dump No. 3B ranged from ‘4.6 to 8.2 pg/i. Coricen-

trations in samples collected during Dump No. 3B plume passage

ranged from less than 2 to 7.8 pg/i nickel. A slight trend

of nickel decrease was indicated .

In summary , the most notable effect of these disposal

operations on soluble heavy metals concentrations at the dis-

posal site was release of iron associated with high turbidity .

There was also some indication -of release of mercury.
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‘i’a bJ. e 1 1 1-1 13

Ami,,oiiiuni tkit5i: New \‘ork Bight Dump No. 3

1)~’edgc d Ma t t - i ’i a .L  f rom Bay_ Ridge  Channel

(C o l lec t e d  iro m the H a t t o n)

(mg N / i )

Time Depth Ammonium Nitrate
(hr :min :sec l (m) (mg N/i)

1 1 : 11 :1) 0 O . O h  0 . 0 7  0 . 0 1 4

1 1 :  i i :  ‘11 ’ 12 0. 09 13. 04

I i :  l , ’ :1 t ’ C i ~ 0.33 0 .0 14

h l : U i : 1 I C  P _ f 0 .14  0.014

Ii :  I ’ C Ot l  21; 0 . 1 5  0 . 0 4

I I : III : Pt ) [l ump  3A C ’C ’C 1 1 I ’ t ’ O t l .

I 1 : .1 1  : ,~ 1) 2 ;  0 — 2 8 0 — 04
9.5 0.12 0.04

1 1 : 2 .’ : 11 1, 12 0 . 0 6  0 .0 1 4

li . :2 ,~:0(I . 9 0.69 0.04

12 0 . 0 5  0.0 14

1 1: . ’ 3 : ’ ; 1’ 2 ’; 0 .5 1  0 . 0 4
[ [ : 2 ’ ; : Pt ) 2 ’; 0 . 3 3  0 . 0 4

Ii :.‘ ‘ ! :3 t )  12 0 . 0 9  0 .0 1 4

I I  :2 t : 1 5  U; 0.29 0.04

ii: .‘b : i  1’ ‘9 0. .11 0. 04

l i : 2 t ~ :0 1) i . C 0 . 0 9  0 . 0 4

I I : 2’) :1( 1) 2’ ; 0. 21” 0.014

1 1 :  .‘7 :31) 1 .’ 0.06 0.04

1 1  :2 9 : 0 1 1  0 . 5  0 . 0 8  0 . 0 4

1 1 : 2 9 : 3 ;)  12 0.05 0.014

1 1 : 1 0 : 0 1 )  2 1; 0. 78 0 . 0 4

Ii : 32 : I I’ Dump 3 B occurred

11 : 3 2 : 1 0  0.5 0.05 0.06

12 0.05 0.014

11:33 :1 )0 4 1~ 0 . 1 42  0 . 15

110L4
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Table 1498 (Concluded)

Time Depth Ammonium Nitrate
(hr:min :sec) (m) (mg N/i)

11:33:45 12 0.05 0 . 0 5

11:314:00 2 14 0.41 0.06

11:34:20 12 0.31 0.05

11:314:40 2’4 0.25 0.04

11:35:00 1.’ 0 . 0 5  0 . 04

1 1 : 3 5 : 3 0  2’4 0.18 0.04

11:36:00 12 0.05 0.05

11:36:15 2’4 2.75 0.04

ii:36:45 12 0.05 0.06

1 1 :3 7 : 0 0  2 14 1. 71 0 . 0 5

11:37:15 214 i.’40 0.04

11 : 3 7 :4 5  24 1.3.3 0 . 0 4

1 1 : 3 8 : 0 0  24 0 . 9 8  0 . 0 5

11:4 1:15 0 . 5  — 0 . 0 4

11:41:30 12 0 . 0 5  0 . 0 6

11:4 1 :45  24 0.614 0 .04
11: 116:0 0  2 4  0 . 136 0 . 04

11:50:45 0.5 0.05 0.04

11:51:30 12 0.05 0.01;

l l : f . : 0 0  : ‘~ 0.18 0.014

12:03:15 24 0.50 0.014

h a s h  ( — )  i nd ic at e s  s l a t . i  no t  OV C 1 1 1I 1 1”I e
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Figure 176
Ammon lum Concentrations in h ear Bottom Water as a

Function of Time : New York Bight Dump Nos. 3A and 3B
Hatton
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Table 499
Ammonium Data: New York Bight Dum p No. 3

Mater ia l  Dredged from Bay Rid ge Channe l
(Col lec ted  f rom the  Hudson)

(mg N/i)

(mg N/i)

Time Depth Arnmonium Nitrate
(hr:min :sec) (m) (mg N/I)

11:19:00 Dump 3A u c cu l ’ t ’e C l .

ll:1~~:30 1 0.06 0 . 0 4

1 1 : 19 :3 5  12 0 . 0 7  0 . 0 4
1 1 : 1 9 : 4 0  ‘3 0 .2 1  6 . 0 4

i1 :3~’ :15 Dump 38 occuri ’ed .

11 :32:50 23 0.70 0.11 0

11:33 :00 12 0.05 0.014

11:33:15 2 3  0 . 4 1  0 . 0 6
1 1 : 3 4 : 0 0  23  0 . 3 9  0 . 0 5
1 1 : 3 5 : 5 5  12 0 . 0 5  0 . 0 4

11:15:55 23 0.34 0.06

11:36:00 1 0 . 0 5  0 . 04
1 1 :3 7 : 0 0  2 3  0 . 5 8  0 . 0 6

11:37:10 12 0 . 0 5  0 . 0 4

1 1 : 3 7 : 4 0  2 3  0 . 8 8  0 . 0 6
1 1 : 3 8 : 2 5  12 0. ’44 0.04

11:39:05 23 0.142 0.05

11:39:50 23 0.55 0.013

11:40:30 1 0.08 0.04

1 1 : 4 0 : 3 5  23 0 . 2 7  0 . 0 4

1 1 :1 4 1 : 2 0  12 0 . 0 5  0 . 0 4

11 :4 1 : 2 5  23 0 . 34  0 . 0 4

11:142 :20 23 0.30 0.04

11:143:00 23 1.65 0.06

11:43:45 23 1.26 0.04
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Table 499(Conciuded)

Time Depth Ammonium Nitrate
(hr:min:sec) (m) (mg N/i)

1 1 :4 4 : 3 5  23 0.90 0.05

11 :45 :15  23 0.81 0.05

11:46:00 23 0.72 0.05

1 1 : 4 7 : 0 0  23  0 . 6 9  0 . 0 5

11:47:35 23 0.98 0.06

l i : 4 8 : 20  23  0 . 7 2  0 . 0 6

11:49:05 23 0.48 0.06

1 1 : 4 9 : 5 0  23 0.54 0.05

11:50:45 23 0.20 0.05

11:51:35 23 0.44 0.05

11 :52 :30  23 0.32 0.04

11:5 3 :3 0 23 0.37 0.05

1 1 : 5 4 :2 5  12 0.05 0.06

11:514:32 1 0.05 0.09

11:54:32 23 0.44 0.06

11:55:30 23 0.30 0.06

11:57:05 23 0.50 0.05

11:58:20 23 0.4’4 0.05

12:04:05 12 0.05 0.06

12:04:10 23 0.58 0.06

12:014:40 1 0.05 0.06

1108
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Table 500
Soluble Orthophosphate Concentrations: New York Bight Dump

No. 3~ Dredged Material f rom Bay Ridge Channe l
(Coil Oct e,t t t’orn the Hat ton)

Time Depth Soluble Ortho f’ (rn~ P/i)

hr :min :sec) (m) X SD

11:11:00 0 . 5  0 . 0 1 8  -

11:11:45 12 0 . 0 1 6  —c
11:12:10 24 0.039 —

11:18:15 0.5 < 0 . 0 1  —

11 : 1 8 : 4 5  12 0 . 0 1 6  —

11:19 — Dump N- ’. -~:\ - . -~~ - o : - - o e~I .
11 :19 : 0 0  714 0 . 0 24  0 . 0 0 1
11 :71 :30 2’4 0.047 —

11:22:30 0.5 0.022 —

11: 22 : 4 5  1? 0 . 0 12  —

1 1 : 2 3 : 0 0  2 14 0 . 0 94  —

11:23:30 12 0 . 0 1 0  —

1 1 : 2 3: 45  74 0 . 0 6 4  0
l i : 7 4 : 00 2 i 4 0 . 0 4 7  —

11:24:30 12 0.015 —

1 1 : 2 5 :15  214 0 . 0 56  —

1 1: 25 : 1 5  2 4 0 . 0 1 8  0 . 0 0 1
11:2 5 : 00 12 ‘0 . 0 1  —

11:2 7:00 74 0 . 0 5 8  —

11:27:30 17 0.01 —
1 1 : 2 9 : 0 0  0 . 5  O . 2 ’~ —

1 1 : 2 9 : 3 0 17 0.28 —

1 1 : 3 0 : 0 0  2 14 0 . 1 1 3  —

1 1:3 2 : 1 5  — Dump 
~~ . ‘ . 30

1 1 : 3 2 : 3 0  u . S  : ‘ 0 I ~ —

11:32 :45 12 0 0 1  —

11: 3 3 : 0 0  :4 0 .  213 0 . 0 0 1
11: 13 : 1 , 5 1~’ 0 .011 —

1 1 :3 4 : 0 0  24 0 . 0 , 16 —

11..U~:70 1? 0.60 -

11 : 3 4 : 4 0  0 . 1 16 8  —

1 1 : 1 1 : 0 0  17 0.035 —

it : C 5 : ~~~1 7’~ 0.298 —

11: . l t - :  00 17 0 . 0 1 4 1 1  —

11: i~- : i 5  74 0 . 1 0  —

i i :  4 6 : 1 5  24  0 . 7 1  —

1 1 : 1 6 : 4 5  ) 7  0.052 —

11: 1 7:0 0  ‘I; 0.,’” —

( ‘~~‘r, t i nued )
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T~ b1e 500 (~ ‘o n c 1u d e d)

Tins’ I~ei’1 i S~ C 1ui’1e  0~-t t~ ’ } ‘  ( : :~~
- 

-

hI’: m i  ii: sec ) (rn ) S

11:37:15  2 14 0 . 2 1  -

11 :37 :145 24 ~1 l1i —

11 :38:00 74 0..’: —

11:91:15 0.5 0.10 —

11 :141 :3 0 12 0 01 1 —

11 :91:145 7 4 (1 . 1 9  —

11 :146:00 7’; 0. 13 —
11:50:45 0 . 5  0 _ O f t ’  —

:51:30 12 0.093 —

11:5 2 :00 24 0 . 0 1 4 0  —

12:03 :15 ‘~ 0 . 0 8 1  —

Mean and ,: t n , ,  t , , , C ,t 0ev ,1t 011 ca icu I - it  ed froni dup l i c a  to i i i , ,  1v -~~’ : 
- 

1’
of one sa mp l e .

t~,,sh C—) indicates onl’5’ one an a 1~’~~js made.

*Samp le re ii lter’ed through 0. 2 
~ pore i :~e m e mb r an e  t’ 1 11 or

Pt ’  01’ to  .i fl ,3 lv:; in

ccl no ided w i t h  an i ncrease i n  t u rb i di tv 1 ,~ 0 14 0 N ’21 1 C li-on, 10

o 12 NT U amb ien t  ) . An 1 :ci ’eas e to 0. 76 mug F / I cc ~‘u i i ~ ’~~! abou t

a minute f o l l o w i n g  Pump  No . 3~~. ( T h i s  was of l s ’ sa m ple  t h a t  baLi
bee n ref iltered through a 0. 2 ji p l’e s i ; e  rnenTh , ’ar ie  Iii t e i ’  I

remove f i n e  mater i  i i  s u s pe nd e d  in  t h e  f L i t  C ’ ,- ‘‘,I sanip i e) . W ithin

s ’f lt ’ m nu to • conce flti ’ ,i t ions were b ack  1 ~‘ p i- s ’— (1 1 s posa 1 I eve):

ami d  t hen i n c r ea se d  again with t N t ’ i nci’e,i~~e i n  tu r l ’  i d i I v . The

s~~l,ml ’ le c’r’tho P concentration , and 1 ikew i no t lie I u t ’h i d  i t  v

t ’orn , ,ine d e lev a t e d  fo r  at I ~ , i st  f i ve  m i n u t  en I ol lc’w~ ng t hi , -i t
pea k - T w e n t y  m i n u t es  a f t  or Pump No . ,0 • io n’ hot  I 0111 W I  I el

concentrat ions at  the  F l a t ton  ha d returned to p~’~ —dispo: :i1 5 ’s ’ I I —

c en t ra l  s ’ f l S.  As shown in  Tab le  501 , the  n e ar  b o t t o m  wa t e r  at

the  [h id son • which  was 1 o~- i  ted neal’ down ho I torn current t ’rom

t h e  [Litton, the sol uhie c’rtho P concentration was 0.03$ rug P / i
140 se c o n d: :  after Dump No. ,1A . This table also shows that- ne . , i ’

liii

- 
‘
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Table  501

S i l u b l e  dr’thophosphatt: Concentrations: New York Bight  Dump
No. 3, Dredged M a t e r i a l  fr”~m Bay Ridge Channel

- - 
(Co] I t ’s t ’ ,t t i - s m  14, - 

_________

Time Depth Soluble Ortho P (mg P/i)

hr :n:in :sec) (m) SD

11: 1” — ur~
- - 3A 0cc’.: :0 .

i 1 : i- :  ~O 1 0 . 0 1 7  —

11:l- : ~5 12 0.013 —

1 1 : 19 : 1,0 2~ 0 . O ~~9 — 4

1 1 : 7: 1 5 — ‘: i r : : ;  o .  30 0 5 5’ : :  ,~ i .
0.10 —

l1: .1 .’:S’l 12 ‘2.01 0.001
11:33:15 2~ 0 . 0 1 36 —

11 ; --- :00 0 . 1 3  0 . 0 0 1
11: ~i1 :5S 12 <~~~~.0l —

7 3  O . 0 ’ 5  —

1 1 : 1 : 00 1 2 . 0 ’i~ —

11 :00 2 3  2 .050 —

ii: 1’~:l0 12 ~~ .fll - 0
2 3  1 . 0 9~ —

11:3 9 :25 0.081 —

0 . 0 0 1
11 : 11 : 5 (1  23  O .U’ —

11:-I- ’ : 4 1  I 2.01(1 —

1 1 : 1 , 0 : 3 5  23 0.097 0.001
11: 1 , 1 : 2 2  12  — 0 . 2 1  —

1 1 :9 1 : 2 5  2 3 0 . 0 5 0  —

1 1 : 1 4 2 : 2 ( 1  2 3 0 . 0 4 9  —

1 1 : 1 4 3 : 0 0  2 3  1 . 1 5  —

l1: :43 :1 :5 23 0.1’4 —

1 1 :1 19 :3 5  73 0.062 —

11 : 145 :15 23 0.21 0.001
11:~4 6 : O 0  (‘3 0 . 16 —

11 :9” :Ot )  2 - 1 0 . 12  —

23 0 .29 —

11:1 , 9 : 2 0  ( ‘ .1 0 . 7 5  —

0.10 —

2 3  0 .19  —

ll :50: ’~5 23 0.0 - 0 0.00]
11:5 1 :35 23 0.97 —

(1:52:30 2 3  0 . 05 1 4  —

23 1 .13 —

1 1 : 5 14 :2 5  1 ,’ 0 .0 7 1 1  —

11:59 :32 1 0.2,4 —

11 :55 :42 (‘3 0 . 0 7 1  —

( L ’ S l i  1 m i s , ’ 0)
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1’,iNI e 501 ( , ‘o rc l u ded)

‘Fl m: ,~- I cy  I i .  Nd u t- j o  O t t  Nc 1 ( 1:11 ’ F,’

( :i . )  N : ,

23 (1 .058 —

11 :57:0 5 .13 0 . 1 1  —

0.0711 —

1 2  0 . 0 5 2  0 . 0 0 1
1 .1: tIl l . :  10 .13 0 . 0 9 1  —

1.’:2.:90 1 2 . 0 1 ’ S —

t I e  t : :  .1 :1 , 1 s t s u d a t ’ , t  J o v i a t  i o n  c a lc u l a t e d  Irs::: duplicate analvoon
511, ’ S I t i ; ’  1 e -

I i d :  (— ) :n s :~ - a t e n  on l \ ’  0 110 analysis r,11:e.

1 . ’ t ~‘n~ C ’:: ‘e p’ :‘ it  cns  i t  t O p  Punp N , ’ . 38 f lust us ted N e t  wee : :

0 . ,‘ S 7 ii: I - 
1 , ‘7 

~~~ i’/ 1 but si t t i o  u t  , -c’ n :  I s t t~~:t roll at ion oh i

t h c  tu:’1’~ .titv t_ ’ .i l- ,ies. ide data ::t:ow an i r:c~’~’ase is s o l u t ’ l e

1’ c. ’aco n t ~ ’ . ,t  i on  abot _ ’~ a mb i en t  :n  no.1: ’  N o t t o : : :  w a t e r s  O u r —

I no, t h e  s . ,m s l i sc  p e r io d .  Th e  nes~~s a n d t : ’ . ’ 1 1’, i i s  , . i p p e . i i ’ i n ,~ t o  he

:: : o s l v  “ :n’ - i t  is . c ou ld  n o t  he co:-i’elated with the t S’O d i s p os a l

‘ ‘v ,  ::t - :  - 2 h o  n i x  m u m  c once  n t  i’ . it  i o n s  I o un d  in  he no1i:’ b o t t o m
is ’ i t  5 1 5  t No t t ;  s .i:np i i  Tl~7 I o cat  i on s  we 1’0 , i n  0 : 0  i’s 1 • , i l’o-~ I t h e

: 5::,’ N ‘, .lhou t 1” minut 0:; apart .

- lI  mi s— depth a t  t h e  l 1 , i t t c : : , wh e n , ’ t h e  t : : i - l ’ i u i t v

l’etl, - l i n e i  : : : c h a n~~e, 1 d : :t ’ ir ~g mon i  t o r i  n g ,  s o l u b l e  o r t ho  P 501150:1—

t : ’  it  I .‘:: -
~ • w h i c h  we i ’e 0 - 016 mug F 1 r i _ i  oi ’ to  d i n  pc n i l  , showed an

in c - : ’ ,’ . i . a’ t o  0.29 mc P-’l t o : :  m i n u t es  a f t e r  Dump N o .  .N\ and

i’o t u t -n e d  I o dmh l e n t  lov e  Is - i t  he t inc  o f  Pump No . 30 . Tb i s

w i n  t o t  1 , ‘w, ’.t Nv .r n increase  t o (1 - 60 mug F ’i  t w o  m i n u t e s  a f te r

thi n :’ N . ’ . 30. The lot_ -e l t h e n  d e c r e ase d  ,i::d flust uated b e t w een

0 .011 .in I 0. 052 mg P/i t o t ’  the dui’ ,it ion of the sampling .

1:1 the  mid ~d op t  Ii wa t et’s n e a t ’  the Hudson • t he  i ’e

w a s  one  in , ’l’ ,’. IS O  i n  I u l ’ N l L I l t V ,  t o u r  m i n u t e s  . ; t t e i ’  Dump N o .  30 .
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1 u s  coincided wit :i th t :  o m u l v  m ci -case  in soluble oi’tSo P 0: 1;—

~- e : : t  r a t  t on , tro::: less thai; 0. 01 t o  0. 0 1~ mu g P / i  p r io r  to L - u n J
4 c .  3i~ to  0 .  081 mg P / i  ax  t e r  i t .  ‘i’he c o no c i ut r a t  ions , t h e r e —

.4: to :’ , ‘on e  t al ly  r em a i n e d  vi t h i n  am b i en t  l eve ls  - r \ lt :;c’U t ~l1 t he
055N lii,,’ boats wore ii:’ :~~ t ’ f , i c~ ou:’ i”.’:it f:’o:t: t ao  du:::: S , and thc:’e

. 1 : - ; os: .0 to No flO 1 : u c t ’ c, I s c J  t ,a’L-t ..h ty  ill t ile s u rt , t c e  waters

s ol ub l e  or tho  P concL ’ntl’at ton increased ii: the out face water at

the i : d t  t on .  ~ne increase soc-u:’:- ed at a bou t  the same time as an

m c :  ease in r s i a — d e j - t : :  cc:’,c o: : t : ’~,t  1011 (11:2(1 hrs) . Near  the
1:5550:., t h e r e  a ; :p oa t ’ e d  t o  i c  :;o c f l a I i 1;o in concentration in I lie

s u r t ac e  wdtex’ d u n n ’, m on i tor i n g . I t i e  in cr ea s e  ifl the  s u r f a c e
W a t e r  c o n c em i t : ’ a t  ion  :say nave be e: due  to c o n t am i n a t i o n  of til e

su r f a c e  w a t e r  sa:::~ les :v the flea: -  b o t t o m  pump d i s cha rge  du r ing

sarspl mn~~.
0~o t h  sa t,~’les c o l le c t ed  o t t  t h e  Hatton at 11:36:15

were f il t e r e d  and a n a l v c e d .  At this time the ta:’bid water was
co m l;l 1( in pulses , sm:J tic’ dii fe:’em:ces in concentrations between

t I l oSe  tw o  s amp l e s , 0 . 1 0  af iL l  0 . 17 1  mg P / i , r e f l e c t  th is~ the

at t e l ’  ~ amI ’ le w as  v er y  t - .:’,’t~i.d , s::e:’ea s the fo:’mei’ was  much
cleaner . These results silos’ t u e  hi  :h vaniahili tv in the sal—

uL’le  o t ’ t l l o : ’ i : osh ’ h at e  c cnce :’~~~ ’ct ~~ci i  d ur i ng  this p o r t i o n  of the
st’i d i, ’-

Organ ic  co : :up ound s .  Two samp les w e r e  taken b e f o r e

New York B i g h t  b u mp  N o .  3 at 12 and 24 in. ‘Iwo more samples  were

t a N e n  at the same dep  t hs  a p p i ’ o x i r~s te 1y  six  m i n u t e s  af ~~er dis-

posal was con’pleted. The results of the organic analyses are

p r e s e n t ed  in Table 5 0 2 .  :\ 1d: ’ in , l i m : Jane , and PCBs were detected

in all the samples .  In the  12 and .14 m p r e — d i s p o s a l  samples ,

the concentrations were 1.0 and 1.2 ng/l of aidrin , 1.2 dfid 1.5

ugh of l indane , and 4 and 10.0 n g / l  of PCBs r e s p e c t i v e l y .  The

2 4 m turbid ;:lume sample showed an aidrin concentration of 26.0

ng/l. The sample taken at 12 m one m i n u t e  later contained

2.5 ng/l aidrin . Lindane was below th e detection limit in the

1114
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Table 502
Data for Organic Compounds and Related Parameters:

New York Bi ght Dump No. 3, Dredged Material

from Bay Ridge  Chan nel

D u r i n g  Bot tom Tur ’-
bid Plume Passage

Pre-Disposal Post Disposal
Time 11:14:00 11:15:00 11:30:30 11:31:30

I epth 12 m 24 m 24 m 12 m

Compound

Chlorinated Hydrocarbons
(ng/l)

A l d r i n  1.0 1 .2  2 6 . 0  2 . 5
op ’L( L ’-T < 3 . 0  < 3 . 0  < 3 . 0  <3.0
pp ’ D D T  < 3 . 0  < 3 . 0  < 3 . 0  < 3 . 0

< 2 . 0  < 2 . 0  < 2 . 0  < . 2 . 0
< 2 . 0  < 2 . 0  < 2 . 0  < 2 . 0

op ’ DDF < 2 . 0  < 2 . 0  < 2 . 0  ‘. 2 . 0
pp ’ D DE  < 2 . 0  < 2 . 0  < 2 . 0  < 2 . 0
D : e t d r i n  < 1 . 2  < 1 . 2  < 1 . 2  <1. 2
:.c . s- .~~:ar, 1 < 1 .2 < 1 .2 < 1.2 < 1 . 2

End -ct,.Ifan 11 <~~~. S < 4 ~~ L4 < i4~~ 9 < 9 .4
< i .E <1.6 <1.5 <1.6
<0.4 < 0 . 14 < 0 . 14 <0 .14
1.2 1.5 <0 .3~ 2.8

P C F~ -, 10 17 12

( n l p . ~~~)

-S - t I , ind - ‘ : ,-dl. ,.’ 2 0 .  ~ 1 0 . 5
T:C 5 3 19 2
So ln i  Ic  Td C ‘4 2
T I C  2 3  2 9  2 9
S~~ L~~ t 1 e  T I C  2 3  ( ‘9 2 9

T u i H , t i t v (N T i ’ ) 2 3  17 , 330 1

I ~~‘, tIfiod s i,  i ’ l l ,  c o l u mn s , hu t  b e l l o w  de t e ct i c ’ : .  l i m r . i t .

1115
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24 in sample and 2.8 ng/1 in the 12 m sample . The PCB concen-

trations were 17 and 12 ngbl in the 24 m and 12 m samples.

respectively.

The oil and grease values ranged from 0.5 to 2.0 mg/i

in all these samples. TOC ranged from 2 to 18 mg/i , with both
figures observed in the turbid plume samples. The soluble TOC

had a much narrower range of 2 mg/i (in the 12 m turbid p lume
sample) to 4 mg/i (in the 24 m turbid plume sample).

Sandy Hook Channel

The primary sources of contaminant s for the New York

Bight are the municipal and industrial wastewater discharges

from New York and New Jersey to Raritan Bay . This bay is

generally recognized as being highly polluted with large amounts
of untreated or only part ial ly treated municipal  wastewaters  • .

being  discharged to the bay pr imari ly  from New York Ci ty  and

other surrounding communit ies . While most of the indus t r ies

d i scharg ing  wastewaters  to the bay or its t r ibu tar ies  are

providing some type of waste treatment , because of the heavy

c-)ncentration of industry in the area, the residual wasteloads

are such that they cause the bay to be highly contaminated

with various types of industrial wastes . While the objective

of this particular study was not to determine the relative

significance of contaminant release from dredged sediment and - ‘

from municipal and industrial wastewater sources, it was felt
that it would be of int erest to take a se t of wat er samples
from the mouth of Raritan Bay in order to compare the c’oncen-

tration of contaminants present at the mouth of the bay to

I
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that which was found at the dredged material disposal site

dur ing the t ime of t h i s  s tudy . A set of water  samples was

taken in Sandy Hook Channel (see Figure 143)  near navigation

Buoy 10 just off Sandy Hook . The data obtained from these

samples are presented below.

The turbidity at this location in the Sandy Hook

Channel ranged wi th  depth fro’r. 2 NTU at the surface to 6 NTU

near bottom (Table 503).

Dissolved oxygen,  tempera ture,  s a l i n i t y ,  and pH. The
D.O., temperature , salinity , and pH profiles were made near

Buoy 10 in the Sandy Hook Channel dur ing  high t ide . The data

are presented in Table 504 and Figure 178. N e i t h e r  the tern-

I pera ture  nor D . O .  data showed a d i s t inc t  thermal  s t r a t i f i c a t i o n

or thermocline like that  noted in the mud dump s i te.  The tern-

pera ture  ranged from 20 C at the surface to 17.5 C near the

bottom. The surface D.O. was 6.8 mg/i. The s a l i n i t y  increased

from 28.2 0/00 at the surface to 29.8 ~/ o  at the bottom. The

pH was Flomogeneous throughout the system at 8.5.

Heavy metals .  The five samples collected from the

Sandy Hook Channel were analyzed for soluble heavy metals.

Table 505 shows that there was no particular pattern to the con-

centration variations with depth except for iron . Manganese

concentrations ranged from less than 10 to 36 jig/i. Iron con-

centrations ranged from less than S to 47 jig/i with the higher

concentrations being found in the bottom waters . Zinc and

nickel concentrations ranged from 2.0 to 3.4 jig/l and from 3.4

to 5.0 jig/i, respectively. Lead and arsenic ranged from less

~ than 1 to 3.9 jig/i and from 6.8 to 9.2 jig/i , respectively.

Chromium and copper concentrations were below their

detection limits of 2 jig/l and 1 jig/l, respectively , in all

samples analyzed. Cadmium was below the detection limit of

0.5 jig/i in all samples except the one which contained 0.07 jig/i.

Mercury concentrations ranged from less than 0.005 to 0.135

jig/i. Although at some depths at the sampling station in

1117
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Table 503

Turbidity in Sandy Hook Channel

(Collected from the Flatten )

Time Depth Turbidity
(hr :min :st ’c) (m) (NTU )

114:04 :00 0.5 3

1 1 4:00 :00 3 4

114 :(19 :30 6 4

1 1 4 : 1 2 00 9 14

1 4 : 1 1 4 :  hi 12 0

T a bl e  504

Wa t em ’  Ce1 umn P r o f i l e :  Sandy Hook C han n e l

September 1, 1976

D ep t h  Temp P . O .  Sal  m i t  v
( in ) ( “ C)  (m g / I )  (° / o e)  p H

1l.~~ 2 0 0 . 8  2 8 . 2  8 . 5

2 19.5 6. ’1 2 8 . 7  8.5

14 1 )  5.0 78.2 8.5

1 .5  18.5 5.8 29.0 8.5

0.5 17.5 5.0 7 9 . 8  0 . 5
1 t 1  1 7 . 5  5 . 0  2 9 . 8  8 . 5

me — 111 : 00 h r m ’i

1118
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Dissolve d Oxygen (mg/i)

c I 2 3 4 5 6 7 8 9 10
‘ I  ‘ I  ‘ I  ‘ I ’ I  1 1 1 1 1 1 1  I ‘ I ~~

• DISSOLVED OXYGEN
I - £ TEMPERATURE

2 -  -

3 -  -

4 .  -

V
5 .

E

-

7 .  -

8 -  -

9 -  -

10 -  , 1  -

~
_I _t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
I 3 5 7 9 II 13 15 FT 19

Temperature (°C)
Figure 178

Water Column Temperature and Dissolved Oxygen Profile:

Sand y Hook Channel - September 1 , 1976
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Sandy Hook Channel concentrations of mercury and arsenic

appeared to have been slightly greater than ambient levels

found at the mud dump site , in general , concentrations of

heavy metals were about the same at both locations .

Nitrogen compounds. Table 506 presents ammoniurn and
nitrate data for the samples collected near Buoy 10 in the

Sandy Hook Channel. The arnmonium content was on the  orde r of

0.2 mg N/l to 0.05 mg N/i.

Phosphorus compounds. Concentra t ions  in the water
column at Buoy 10 varied from 0.041 to 0.38 mg P/i without
apprent relationship with depth (Table 507). In general ,

these concentrations appeared somewhat higher than ambient con-

centrations found at the dump site.

Organic compounds. A set of samples were taken at

the 3 m depth from Sandy Hook Channel for organic analyses.

The data are shown in Table 508. Aldrin and PCBs were de-

tected with values of 1.5 and 18 ng/i , respectively. Lindane

was below the detection limit. The oil and grease concentra-

tion was 3 mg/i; TOC and soluble TOC were 5 mg/i.

112].

~ 

, ,... .  .., .

_ _  ~~~-~~~~~~~~~~~~ -~~--



Table 506

Arnmonium and Nitrate Concentrations: Sandy

Hook Channel

(mg N/i)

Time Depth Ammonium Nitrate
(hr:min :sec) (m)

1 4 : 04 : 0 0  0 . 5  0 .2 0  0 .05

14:06:00 3 0 . 2 5  0 .05

14:09:30 6.0 0 . 2 0  0.05

14 :12:00 9 0.16 0 . 0 5
14 : 1 4 : 3 0  12 0 . 0 7  0 . 0 5

V

Table 507

Soluble Orthophosphate Comicentra t ions:

h ook C han n e l  Water ’  Samples

T im e Depth  S olub le  Ortho  ~~~~P / 1~
h r:mi n: sec)  ( m )  s~

114 :014:00 0.5 0.12 0, 001

11 4 : 10 :00 3 0.14 0

l ’ i : 0 9 : 3 0  5 0 . 3 8  —

4:1?: 00 9 0. 041 —

1 1 4:1 1 4 :30 12 0.074 —

Fl ea ii and ta ii,  .1 i ’d dCV j at ion c, ii c ul ,i t ed  4 rem dup 1 i c ,i t e ana lv  C’ 00
C~ I (~ I1t ’ oamp le

P,io 1-i ( — ) ~ rid ‘a to on lv  0711 ’ a ri I \~~ ma do

—. 
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Table 508

Organic Compounds and Related Parameters:

Sandy Hook Channe l
( 1 4 : 0 6 : 0 0)

Compound

Chlorinated Hydrocarbons
(ng /1)

Aidrin 1.5
op ’DDT < 3.0
pp ’DDT < 3.0
op ’DDD < 2.0
pp ’DDD < 2.0
op ’DDE < 2.0
pp ’DDE < 2.0
Dieldrin <1.2
Endosulfan I <1.2
Endosulfan II <4.4 V
Endrin <1.6
Heptachior <0.4
Lindane <0.3*
PCB s 18

Other Organic Compounds
(mg / 1)

Oil and grease 3
TOC 5
Soluble TOC 5
TIC 25
Soluble TIC 25

Turbidity (NTU ) 14

Depth - 3 m.

* Compound identified on both column s , but below detection
limit.

112 3
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Mobile  Bay, A l a b a m a

Mobile  Alabama i:; a ma ci’ ~‘or’ t  en t he it of

M e x i c o .  The Tombig hee , Teiisaw , and Al abama R i ve r ; :  ;‘ ‘n\’ , ’ I C e

there to emp ty  l u t e  t h e  l u l l  . The T~’nness ’ & ~— l ’ ei : : l ’  i 1 ’, l ee W i ’

way , now under  ceno  t rue  t ion , w i l l  j ’  i n  a ma 1 4 1 1’  ~ 1 ’ ’  I i ’ .Oi  01 t he

land—locked h o ot  l icas  t 1 , 1 t he  Ci i  1 ‘.‘t  M~ ’x i~ ~‘ t h i ’eu ’ 1; t he  t ’ c i ’  t

of Mob i_ i c .  The C4. ’ r p  ot i1ng m o m  ‘ ; ~~~~~~‘ ; - . roe 1 i t  lv ma i _ n t  a ins  t he

channel t hro u o,h Mobile Pa v t 0 a Ce pt li  C- 1 2 t~ e and .i w i 4.!  ¶ Ii

of 4 0 0  f eet  (see  FL1 ’jll’e 1.’ h ).

The In ive: ’oitv ; ‘t  T1’x ,t : ;  .11 l~all ,i:. part i L ’ ip . L t  I ’d i_ fl

a j o i n t  s t u d y to mci i i  t o o  t h e  opera t i , ’ns ~~ a !:v.~~i -  i C ’  ~~i 7 t ’ —

line dredge  , the Paul F. Jchncke , in th e Met’ i le l 1 .~v C han n e l .

Dr. Nichols and a samp lin~’. ~‘1’ ew I 1 0111 t h e  \‘ h - 4 ’ i n i . i  I n s t it

o t~ Mat’ m c  Sc ic iic 00  (\ T M h )  cc iid u s ’ t cC C e l l : : i V c ur t ’ ’ t i t  : : t  u . l  lO S

01 the  operat ion  a t  t he same t i me t hat  t h e  U T 1~ C’ t ~l t  I

ccl icc t i ng  sanipl I ’S. i’I old p r o c e 4 . l u r ’ e u ;  a t id :10 1 e~’ t i 01) 0 4  ; i t ’sl —

mer i t  and wat e m ’ s4 . tn tp l I i i~ ’, i too Wt ’ l’ t ’ coc_ ’m ’J I nat e~1 l’e I W 4 . ’ t ’ t I

V IMS and UT D a f t  so us to i’ t’ 4.’v Lie c_ id t a (I ‘ : , i N ’ : l : l l i l f l  U C ’ t’ 4 0

bo t h s t u d i e s .

I U t  i l  a t  t’ To :; t o

c_ h ,4 l ’ 4.14. ’t  e l i o t  ics ot  S~i m i _ ’ i i l l C  Si t es
c _ I I  J u n ’ 2 and 3 , 19 ’’ 0, l7’ ; ’1~ p .11’! i i ’ i p i  4 0, 1 10 11.1.0

s tud y .  The sampling vc: ;oel  u sed s’,i~~ t I n’ t’l’.’t’ i t ’ P :~ ~~
‘ i s t

Cat li n, a 6 5 — t o o t  c _ 4 .’tTS s t  l n ~’, 111001 0 i ) l 1 ! ’ V O \ ’  \‘eo O ei  . 4 . 1 1

June 2 , 197 0 , sediment . 1 : u s i  water :‘. . I ’ ~0p l CS \‘.‘ t ’ l ’O 4.011 ,’.~! ‘ 4.1 a t

t wo s i t es  in Mobile Pay ( [‘i 4 ’,ut’o 1 00 . h i t  o 1 \~‘ . 1 : -  11 , 4 1  5i,ie v ::

21 and 2 1’ S i te  2 , where Cup i i . c at  o wa ( ‘1’ : : . imp 1 ~‘s we i’e , ‘,k 4. ’ i :

was 4 . i t  Buoy 10. i ’li, ’ot ’ ;nimi’ l 4.’:: w e i ’ ’ I ,ik4 ’i: 411’ ’l , ‘ \  n : u , i t  ~‘ l v  : i I v
f ee t  in f r o n t  of the  opet ’a t inc’ d l ’ 4. ’s l ’ , e . i t  1 , 1 : : cl o se  o

t he C re dC, e was so l i edu  l ed  t e be c_ ’ j ’e l ’ i t t n 4 ,  c _ n )  It ’ o I l - n’ i n

s l ay .  l’ lie sediments were taken wit 4; ,i C c i i ’. ’ ~‘, t ’ . t t ’  : ,:‘::~‘ 1t ’i ,

1.121 4
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p lac ci and sealed in five—gallon polyethylene buckets. Sur—

f a c e  wat er s ample s  were t a k e n  at the same s i t e s  as the sed i—
:;er’.t with a rope and 1-ucket. Profiles of D.O., t empera tu re ,
pe rcc_±nt li-Pt ~ransmiss ion , and specific conductance were

t a P e n  at one mete r  i nt er v a l s  at each of the two samp ling
sit es. The Secchi depth at both stations was 0.4 meters.

The sed iment  and samp les were iced down and air f r e igh ted  to
Pd~~lds th4.~~t night . T h e y  were stc-red at 4°C until elutriation.

-Th t I m  following Cay the UTP crew collected 47

seto (t ~ic l i t e r s  per se-t ) of water samples at nine s t a t i o n s

ar o und ~ he discharge of the dohncke ’s pipeline. (See Fi gure
123 wh ich  fo l l o w s) .  Samples  were co l l ec ted  wi th  a submers ib le

pump w h i c h  co uld be lowered to a precisely known depth. Two

2.  :_ cal ic,n cub~ tainers were collected at Station 2 for pesti-

cide analys is .  These samp les were shipped back to UTD imme—
-Ci ately and stored at 0°C until analyzed. Temperature , D.C.,

sp e . if i c  c o ndu c t a n c e , and percent  light transmission profiles

were run at orle meter intervals.

The r e s u l t s  of the dred ging of Mobile Bay sedi-

ments ar-c divided into two sections , elutriate test results

and field studies. These are discussed in this order in this

section of the report .

Ge neral Sed imen t  Charac ter is t ics  and Oxygen Demand
The sed iments from Mobile Bay were analyzed for

Eh , s u l f i d e  concentrat ion , pe rcent dry weight , and part icle
size d i s t r i b u t i o n .  The samp le f rom Site 1 had an Eh of —51
my , while Site 2 had an Eh of —9 my .  The mean sulfide con-
cent ra t ions  were 327 mg/k g with  a standard deviat ion of 25
for Site 1; Site 2 had a higher concent ra t ion , 577 mg/k g with
a standard deviat ion of 2 0 .  The percent  dry weights  were
found to be similar , 35 percent with a standard deviation of

1.6 for Site 1 and 31 percent with a standard deviat ion of
0.1 for  Site 2.  Differences were found between the two sites

in reference to the i r  par t ic le  Size d i s t r ibu t ion .  Site 1
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w - -io 0 per cex . t  c l a y ,  614 percent silt , and 3C p er c e n t  sand ; in
comp ar i s on , S it e  2 was 10 per ’cer4t  c lay , 73 tercent s i l t ,
and 18 p ’o r c en t  sand .

The oxyoer . demand test ‘405 1er-fommed on the tm-ia

s e d im e n t  samples  t rom I- labi le  Bay , Alabama . Liata are 51 , 001; if ;

- obles ALO and A~cl , d~.- t . e n d l x  A . The s t anda rd  d e v i a t i on

ranges , 0 to 0.~ an -I 0 to 0.3 indicate good r e p r o d u c i b i lit y

Le t.:een runs. The 0 2 d emand for a -:ubic meter and a gram

0r~ weight were determined. The sedimen: from Site 2 ex-

hibited a higher demand than Site 1. The demand for Site 1

was 5.1 x i0 2 
g 02 m

3 
and 1.2 mg °2 

~~l dry wei-T ht for the

first hour , compared t o  the higher values of Site 2 , 6.3 x

10 2 g 02 m
3 and 1.6 mg 02 g~~ 

dry w e i gh t .  The p c-ts of the

data are p r e s e nt ed  in Ci -cres 101 and ~82 . The demam ;-s curve

in both cases P a l  two c o mp o n e n t s .  S i te  1 Pod a f a s t  comp onent

of -0 .0 3 1  mg / l  mir 1, whi le  S i t e  2 was -0 .04 1  rog/l min~~~.
The slow components  were - 0 . 0 0 6  n g/ l  mi~~~~ for  Si te  1 and
-0.011 mg/l min~~ for Site 2. These slopes indicate the sedi-

ment  f rom Si te  2 has a hi gher demand than Si te  1.

Elu tr i a t e  Test General  Pa ramete r s

On June 8 , 1976 , dup l ica te  5 percent  oxic , 20 per—
cent oxic , and 20  percent  anoxic elutriate tests were run on
the  Si te  1 sediment  and water . Dup l icate  20  percent  oxic
and dupl icate 20 percent anoxic t e s t s  were run on the Site 2
sediment  and one of the  Si te  2 water  samp les on June 9, 1976.
On the same day , dup l i ca t e  5 percent  oxic tests were run on
Site 2 sediment using the second (rep l ica te)  site water
samp le.

Values of the general physical and c h em i c a l  para-

meters measured during elutriate tests on Mobile Bay Site 1

samples are presented in Table 509. During the settling period

of the 5 percent oxic tests the D.C. concentration decreased

by 1.4 mg/l to about 5.5 mg/l. The D.0. after mixing of the

1,228
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,‘0 ~- i ’ I c e 1 1  t oxic t e st s  was lower  thaic i n t l  f o Un d  a I t s ’y  ix ink’

ot t l i t i  5 pei’cent tes t a. ‘I’he ~t(’c1’e,ta (’ durin g se tt liii 1 ’, ts’ , a

a iso gi-ca t er in t In ’ 20 percent I est a , where D . 0. dec c- ed  ted

to 1. 6 mg./ 1. ‘l’his Ox y en uptake W as  appi’oximat ely twice that

observed in t h e  5 pe c’cent test. The D. 0. 11) tIle m o X ie  test a

i’ t’rnained be low or ’ ne~~i’ t h e  d o t  oct ion l i m it  of  0.  5 mg/  1 dur ’ —
ing s et t l  111~ ’. .

The pH va l  tieS of the i ’lu tr i . it e s  rang ed f rom 7 .7

t o  7 .9, onl y a l i g h t  chan s,es I rem I hi t of t h e  s i t e  w a t  ci ’
(7.’.’). The t urbidity increased as a result of elutriatioci

t o  about  t h e o,ime dL’4’,rce (t o  1145—25 0 NTU ) in the

L ’ X I C  and 2 0  p e rc e n t  a nox ic  t ’ lu tr L at e s .  The i n cr e ase  f o u n d

as a r e s u l t  of 2 0  p e r c e n t  ox i c  e lu tr ia t i on  was  not  4.15 g r e at

The sp e c i f i c  conduc tance also i n c r ea se d  u p o n  e lu t r i a t  ion .

V a l u e s  in t h e  2 0  p er cen t  OX i c  and O1IO X ~c e lu t ri . ct e s  W ere

. i b o ut  t h e  same , r a n g i n g  f r o m  78 2 1 1 to  ~1968 pnihos/cm @ 25 °C.
‘i’hc 5 p e r c e n t  e i ut r i- i  t e showed lesS e t  an I f lCPC.1  Os ’ .

Presented in Tab le  t l U  ,n ’e the values for the

g e n e r a l  p h y s i c a l  and c h e m i c a l  parameters measured dur i nr, the
elutriat e tests on Mobile Bay fite 2 sediment. The P . O . data

indicate tha t  the  5 I’d -cent tests with this sediment had a

sl i g h t ly h ighe r  Ox y 4 ~on demand and t u e  2 0  p e r c e n t  t e s ts  a

s l i g h t l y  lower oxygen demand th an th e fite 1 sed imen t . The
p 11 appeared to have in crease d upon elutriat ion. From site

w a t e r  p H of 7.0, values in the 20 percent elutriates increased

t o  7 . 8 and S . 0; iii the 5 percent elutriates , the phi’ s were

both 7.6. Turbidity increased upon elutriation , but the

values in these elutriates appeared to be somewhat lower than
those  in corresponding Site 1 elu t r i a t es .  The p a t t e r n s  of
change , however , were the same . The 20 percent oxic elu—

triates had the lowest values (30 and 40 NTU), and the 5
percent oxic and 20 percent oxic elutriates had higher v a l u e s
(65— 95 NTU) . The specific conductance values ins ’i-e ,c ;ed as ,c

result of e lu t ri a tl on .  The gr ea tes t  n e t- e a s e  ( t o  ~l 5 7 0  ~i m I i e s/ cm

11 -~

- - -  

- 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-‘ 

~~~

—

~~
~-



--

(4  Ii)

(1 ¶11
45 c i :
0 - ‘-I C i i -” LI) U)

5 )  5 )  5 )  ( 4  ~~ 1 (~~ C4 ( 1

(I) .—4 ~~ 45 I X ’  N I (5) ‘‘ ‘ I ’ U ~~~~~ ’-~~’ ~~ 
If)

( 4  1 ( 4  1, ’ ~~~ (1’ ,1
~~~~~ l ’’ LA) c’ .s’ 11)

1’) 4)) -4 1  “- 7’~ 7’’ s’’ C’— I - . ‘‘ t . 1  I f fl  41
U) i t , e ui ‘TI

I ’  1 1  0 C’
(0 .5 ‘4_I I~.4)) 45 Xli U)

P 1 4 ’ O
ti ‘— (4 f t

‘ 1  1 ; 4)’ Xl)
I t  ‘1’ ~ ‘-,
4 ’ , ~ , H

1 
~~ 

_-.. () I ,’

- 4 1 t )  (I
I_LI ‘~~~~~ 

I , ’ 1 ~~~~~~ , i I ,’ , 4 ( 1  ( 4 ( 7 ’

‘I’ ,~~ 
IN ¶ 4 ’’  54 ’ 1 -  iN (I) C)) ‘~~

t 5
45 ~~~~~~~ : ‘

41
f t  II

f-~ ~~‘ (~)
, a) 45 ( ) L A i

~ a)
¶ 4 ‘ ‘‘ I I ~~’ 5 L ~ ~~‘ Ii)

45 .0 . . . . . . . . (Ci
~1 ‘~ i 4 I’ ’- C - I S ‘ I - - C — - -

f ,  a) O U )
ti (ii —‘-. , I 4 ’

IL , U ~~ U)
(N 0 

~
‘ 1’ iii

— H (‘-A f _ , ’~ 45 I ’
,tj II) • (1) ( 1 ” 4 ( I ) 4 , ) (N 0-i ,tI
~ 4 ’  s~~ ~~‘ I ’  

. . I . . U) 4 ’
.,—~ 

.,—4 IN ‘4  0’ IN 1 1 t 4 4 4 ) 14 )

~ 
(1) 4)4 \- V ‘1’ XI ’

LI) ‘ , i~ ~~ ‘P
_ ct ~ . 4 ’  f~ r - I
C~ ti 7’) XI ’ ,I )

1) - i 45 ~I, ‘41
0 f - C) (4

- ‘  ~~1 ‘~~
, ~~~ ..~ ~

t i - I  I ’ ~~~~ I . . I • L4~~~7’4 r I
H .,—4 ‘ ‘ ‘ ‘ ‘ 4 ‘ “‘ ‘~~‘ I),

I ,i I  .) , ‘- ‘ ~1’ .1’ 4) ,
‘ii 0 ,.: qi
C) 

~‘ • 
‘
~ 

• 4)’

- I 0
If)  • ~)I f~
t t  ‘, , . 1  ,~ ~~~~~~~~~~~~~ (4

‘ . . . . . . . I ’  4 ) 4
-4, ) , I ‘ I ,- 4 , I I ’ S, 1 ‘ I I P 1, ) 4))

4 ,  I I  L .  1 ) 4)) I ’I I C) ,ii
.1’ • I  1,  s ’

‘1’ ‘ i t  - t~ ) )- TI) 4)  - i  TI)  I- ‘ ‘ I
I) I )  ~~)

(I ’ ~~‘ II) Ii ~i i t
( 1  

40 Ii f~ ~ :~r 4  
~ , - , I  4)4 41

‘I I I :~: I ’
I 

‘~i - - I (1 - - I i i )  :~-~~~I x ,: :- :
4 - ‘ - ( 4  ,)i

- ‘ ‘ ‘I’ a) , : ‘ - L

I - 
‘~~‘ ‘- ‘I I ’  s-il’ ‘C I r-4 - I  4 ’ )

.li ‘ ‘ ‘ I ‘—.~4 4 1 I ‘ ii
1’ )  , N iN I’ )  ‘It —~ I

11 3

_ _ _ _ _  - ~~~~~-T:_ ,
~~~~~~~~~~~~~~~~~~~~ -— ~~~~~~~ ‘

.

‘ -
~~~



@ 2i
0C) was t wo! in the 20 pi ’i’ct ’n t ex~~i- - ,‘lu t n a t  es; some—

wh.tt I ( ‘WO 1’ V.1 i ( i s ’ S  \-J ’ ’ i i -’ ti -’iind fl t he  d l i .  ) X I I ’ e ut 1’ Ia t 00 .

least 1 1 i . I~s~,ts , was tcs ’Ii in the 1 ’ e I ’ c e i it  c ] t l t I ’ i a t  es. ‘rho
c a ~l0~ ’ 0 I V - C  l (1i -’O iii P it e 2 (14114 Ii i- - a t e ¶ ‘ 1( 1 t I - 10 t 05 w as  5111.1 1 1 ~ r

han P i t o  1 , bti I i n  ‘~‘ - n e c - - I  I c - u - c - c :;~‘oit ~I i i ’ , i-~1 U t  1’ 1 at en had
O j fl l LI - tt’ V4-l h I 2 - n.

l ( c IVV M , t . i 1 -

‘th e ;es I .liIIs - I I t  I ’~ i 1 I ( p 1 s - : ; a f l~ I I y . ’ ’ ’ i - i  I 1 c m  I ( I t ’ M ’l ’i to bay

( ‘h l a l I n , ’l Were .iiia ly ,eI i or [ I ’t a l  ( ‘ l i l t  ont ci :;ei,’ - t  ed 15- -Iv y

in, ’t a l  s. ‘l iii -’ 1 i - ’O C I I  t o s t  t in ’ : , , - 11(01 \ ‘S ’ ,o l i ’ s ’ oh’ WIt jfl 1,il ’l~’ 51

- I l l s  I U t .  i i i  IS  - C ’ CO I W’ - I I I  I ’d t ~c ( 10 We I s ILl ~‘, hl ci b e  I ii sod 1—

(Sell ! 0. t’ts ’I ’il S ’ b i t 1 ’ 1 s ’ ( ’ i I t , I  ~ S O )  2 53i ) j:i, ’ /ki ’ t o I l i ~ ’ , l n t - c 7 ’ ;  b i t s - -
‘

hi~~~sI 0 4  p- I K ’, i co n .  P I l l .’ an s I  n .‘ K i - ’ L’~~~ 1s ’ s ’U t i’~ 1 01(0 ts~ ’ l 0  .1 01 ’

Mi ii. 4 . 1 1 1 0  ) , -v , - J  : c i  1) aii.1 ,159 io/ bi ’. t a ’ i - ~ - l o und in  P - l ’ i  i t ’

I , i i i c  ,‘ , l’ i-’S L ” ’ C t  iv , - I y. ‘adin jUl11 , (‘ 1 ( 1 ( X 1 ) ’  ,j~~l L ’ ( U ’ s ’ i i l  1 ( 111 :

Cs ’ii . - s - n t i ’ . it  ‘ ‘ ( ( 5  .~~I l  M o S i  I , ’ P ii , ’ I W c l ’~ ’ ( . i , 2(1, and 21
L’,’:i(’s ’ct I V, - l\’ . 1. 11 ~-s~ ~ : ; i  t t ~-y w~~’,- / , ( 1 4 , and  Li

I iv ,’ I s-’ . , - t ’ c ( I l - n  i- ’oii ci-’ii t I d l  i O U S  W X ’ 1’ ,’ 0. 2 ’ ,-iioi 0. 01

m g /  kg ~ ii  M I I I )  i i  C : -  i~t ~ I - i:~~I P it e -
‘ 
, 1’~ ’o ( ’cc I Vi -’ I \. I cad c - e n —

s O I l  I I  1 ‘ ‘14 0 Wol  i- h e  ‘w I In - 
~ I ci c - t on I inc it ( I I . I’ mg / K1’,)

‘I~ ( I ’ L ’  ~‘ 1. ’ ‘ i ’ ~~ ’Ss ’ i i i  :; I he a ‘ l u b i , ’ h i s ’ . f \ ’ V 1(0 1  al i i  dat  Li

111 t ( I i - ’ 1 t c Wa I - i -  ,IIISI 0 u t  i’ 1,c 1 ~~~; ( c O  0 0 llsI ,l l ’ s! t 5’S 1 :1 l’Ull

ts it h P I t  0 lTd I - i - ~I ( 1 , 1  SCsI 1 lfl4 ’fl I t i s  ‘ i t t  ~~~~~ d r cd i ’, j i l t ’ . S it O t t  in t h e
M- ’t’ j it ’ ‘- I V  Ch,inm.’ l~. t i c , - t ,‘:; to: reati l t ed in t e l  earn - o~ niangan—

t O  5’ d i f s 1  4 1} - I a ke ,‘l
. 

i i - ~~i c .  2, i t i e  W a : ;  I Oat II  ~ltt 5’ i t i t  011 111 t t’ a t  s

w i t  hI P - b  i 1& ’ Pit e ;, ‘ I l  ‘ ‘ t i t  ~nd i c  i- ’ o ’,’d ii ) I cot s with Si t e 2

(5 , 11111011 t

‘Ito’ l 1 i - 1 I 5 ’ , an , ’ O s ’ i e  1 & ‘ , l ~~i C ’ C Tj : ;  ‘, I ’ e , I t e : t t  in t e s t  a w i t h

. 0  ~ s’l s ’cI( 1 sX ’ .I i U t4 ’ i i t  . t ’ O l l s ’t ’ I I t ( ’ f t  1X ’OO i l l  i he I 0111’ .‘Il 1’t ’t’cs ’ i i t

t oo t :; (‘~~~~ s 51151 4woxic) - st i ed tc’oi:i 2 t 1 2 0  t o  ‘ titt I l tt ’. /l in the

t ¶ - t i h  ,- i - t t ’ 1 a i i i i  t I 015 l ii i 9 I I ) l 5~~~t ) t : t ’ / I i.fl t c 5 t t

w it ii Met’ i t o P i I , ’ -
) 
. I i ’o i i  was ‘t ‘IS I t O ]  l i t  en .i ii a I I I c~; I i i

CT ¶ h b, ’t Ii :5’~ h i l I1eI l t5 .  ‘(‘I n’ a i t , ’ w a t  ‘ 1 ’  C5 ’Il s ’ ,’Ut I I I  i s ’lI  ~( i)  In ’

P i t ~ ‘ I toot - i  w o o  h O  H’! I i i - - n . C ’ ’ l i C l ’ l (  I i’,iI ‘ i 1 i ~ ifl t he S pt -ret -l i t

(( ,; I , 

~~~~~~ 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - 
—

~~~~~
- —



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~~~~~

- -

~~~~~~~~

~t~ C C

S.
= ‘CI C C

~~ =

- C
U’

.t

r I C
I I

~~’ ~ 
-

I —

‘C) C’

C c

— •,, .,,
> 1

C C C
— I C

~~~~~~~~~~~~~ 
~~~~ — C

— ,- a I~~, en
5, ‘1 —.

— I =
C~~~~~ £ ~~I, S S — C

~
C C

C

I C  —C C  I s ~
) — —— I .

— 5., -w
C l” ~ C
1. -v C

— —‘ I
I L •‘ ‘-‘5, 4
C —

I~ ~~ I C  C’ ~ ‘ —
I., itt - - C-

— I P. C ~
C II

I- I
~~ ;; :

V

~~ 
.t C’ —

itt ~~~~~~~
. 

.~

LI

—‘ .— 
I

C

~~~:

C e n  
-
~

5’. ‘-

— I-. C
I I
— .‘ S
I~ U-

5, I ~

‘~~ ‘z £

~

1111

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
- -

~~ T__~~~~
_
~~~



~

0 0 0 0 0 0 0  e b  0 0 0 00 0

J 0

9 0 0 0 0 00  0 0 0 0 0 0 0 0
ui ~~ 0 0 0 00 0 0  0 00 0 0 0 0 0

I C  ~~~~~~~~~0 0 —  = 0 tO 0 0 0 0
C,

O r _ _ a  ... P. S S t O P’ SI — C e
531 5 — P. P. 5’.

C — — — S .5%
• - l p ~ 

0 - - 0  ‘ 0  - - ‘ - e
I. — I 0 00  0 0 0 0 0  0 0 0
I - .

C
S C
— I , S e a O  5 — 0  5’~~~r •O~~~~ = — P. =

5,) — — I,. — P. 5’. ~~~~~~~~~~ I P . P . 5”  P.
1.

S.

• ~~~~~~~~~0 ., • ,_ ., ...
5.1 I~~ o ‘ 0 . , .

~~~~ . - . - . -
• 0 0 0 0  4 0 0  . 0

U —
0 —
S. Q P . e e . t . r -~~~~, S O C  — S — 5’• IS

DC ~~~~~ , s , S I . t t  . S I . S S S I

t o  o e ~~~~~~~
5’”’ o ‘

~~~~~Ø~~~~~~~~
’ ’ i

~~~~~ c 0 0 0 0  0 0  0 0 0
en —

C S .
— 

1. .5 1 Si Si 01 P. P. 5 5’. — = — 5’. 1 — 5%

‘ .~~~~! .~~ I. . 9 ;. . .
C

11’ ~: ::: ~~~~~~ :~~ :~::~ :;
0 0  01 P . P ’ . P . P . P . P . P~ P . 5 ’ . P . P . P . C P . 5’ .

0
en •

I 0 0 0 0  - 4 ‘ 0  - .0 03  •
I 0 0 0  0 0 0  U —

I S O  — — P 1* 5 0 1 P . .0 i 5  ,s
q

9 3
— en 4’. 1’. P. r . C’ S r P .  —

U’ 
0 0 0 S C — 0 tO — S ‘S Si Si 0

—

5 -,

• S .4’ 0 3 SI 0 5 5 a SI ~ ,
~~ v

— “ P .O O  P . 5 %  0 0  - —
— Si 0 00  5’. Si C. 0 5  — 5 ,

P. 0 U’ 0 P. S P. 
~ ‘

— P.
S i .  I’ S. 1. ‘

•— — U  U U ‘~~~~~~~U — 5 3  53 ‘ - U
. c ttt~~~~ ; ‘

~ 
-; I n ’ -  

~~~~~~ 
-; -‘

I -
I ~~ 9 S 0 0 9— —  — 0  ‘ C  S C 1

- - -~~~~ . — — C ‘ “  — — C - ‘
a —  en C ,a~~~~~en ~~~~3 - a = =

U’ P. — I itt itt P. * C c1” ~~ 0 0 ‘1
— I’ P. ‘ ‘C

1138



- -  
~~

- --- - - -‘
~~~

-- - ‘
~~

-

ox ic I t’StS were 5 and 9 ttp,/ i  md in t i t e  2 0  p el ’c ’ ’ I i i  ‘x ic .wd

anoxic  tests ranged f rom 16 1 i- 2 9  tii ’, i i .  The s i t  o r o t  or fo r

the 5 pcc’cent ox i.e tests w i t h  the ~‘el’ile bite 2 oeditsent con-

t a i n e d  1~ t pg /i  and the  eiu t i ’iat e :;  c ” i i t a i n s ’d 18 ui -I 1~ ~ig/i

iron. The site water u aei -I for  I ho ,‘0 
~

- ,u ‘ eut  test a i-- n t  a m e d

63 pg/i. The 20 percen t  oxic e iu ti ’i a te s  i-- o n t , i i  i t c i - I  75  and 2 3

pg1 1 iron.  The 20 percent anoN ic’ eluti’i at  es C O n I  1 1  iB pg/i.

In the Cd SO of  both of t h e s e  m e ta l  a I lie ittig n i tude ~‘ I in ’i’ease

or’ de i - ’ i - c a se  was l e s se r  i n  t h e  5 I ’ e I - c t ’n t  I -st and - ‘ ‘ c-  t or’ i i i

t he  ‘O p e r c e n t  t e s t s .  ‘l I ts ’c ’e  w a t t  no di I f c r ’ e c tc  c b ,’ t r e el ;  I In’

o xi c  dnd at -t ox i c  t t ’St S .

P in c  d ec rea sed  si i 1’. h t ly  i tc  one of t h e  5 p e r c e n t

t e s t s  w i t h  t h e  Mobi le  S i t e  1 sed i m e n t , and in bo th  5 p er cen t

t e s t s  wi th  t h e  Mobi l e  P~ to  2 s e d i m e n t .  There  was  inc rea se  in

the  f o u i ’  20  p t -I - c e n t  t e s t s  w i t h  Mo b L i e  Sit t ’ 1. The s i t  e

Wat er’ contained 1,’ pg/ i  and t h e  e l I l t l’i aI  OS C01’it 4 . l i n e d  2(1 to

22 pg/i zinc . In the 20 p er c e n t  t e s t s  w i t h  Mobile b ite 2

the site water C O I I L I  m ci -h 17 It ’ll and the elutniates -“Tctallced

11 to 3t~ pg/i sine . There was loss of zinc i i i  thrce of the

tes ts and release in one.

t’oncefltrat ions ol chromium and ~u i  ‘a e t i  ic were below
detcc~~ io t i  limits ( 1  pg/i) in all s i t e  wate r s  and e l u t r i I I  O s .
There were no ana l y t  i c5clI v signif Leant s,’hant ’,t’s in most of the
o th s ’r ’ m e t a l s .  C o n c e t c t  l ’d~ i on r a nge s  were  1. 0 to 1. it pg/i cad-

mium , 3.2 to 7.7 pg/i nickel , 3.7 to i. 7 u g h  l ead , and 1.8

to 3 . 6 Ilk ’,! 1 coppe; . Cor l c e I I t  i a  I ions  01 mei’cui’v were 11 . (I -
~ 

op, /1
in all  but  two sam p let: . Cn e  of the  2 0  p e t - i- -o u t  , l n ” x a e  t ’ l u —
t r ia tes  conta ined 0.3 . 2 p ’ , / l , m d  co t  i n 1’, r e l e a se o .l lnc l ’cu t ’v

was possible f r o m  M o b i l e  S i t e  1 sed imei i t  . The s i te  w at  or

u sed in the  S ps - c - c e n t  I ‘st  s w i t h  M ob i l e  P i t  e 2 c en t  a i red ~t _ 5
p g / I  mercury ,  w;~1 t he  e lu t  n a  I OS cont d l  l ied  0 .  02  p g / i  n, ’i’c uc’v .

There were no o the r  c l c a n t ’. ,’s . De sp i te the  i~~ic ’ g t ’ i- ’ o t c e on t  I’ 1-it ions
of heavy met i i s  in ¶ hese s e d i m e n t s , m a i t - .’,anes, ’  was t l i t ’ o n l y

soluble meta l  i’t ’5 i - !j l v ~ e i i ’as, ’ , 1 in t he e l u t  i- L i t , ’ t e a t s  o t  t h e

sed iments .

Li 2
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Nitrogen Compounds

The samp les , des ignated Mobi le  Bay s i tes 1 and 2 ,
had organic N contents of 1169 and 953 mg N/kg and ammonium

contents of 381 and 197 mg N /kg , respect ively. The ni trogen
compound concentrations for the Mobile Bay Site 1 e lu t r ia tes
are listed in Table 513 . The organic N concentra t ions  for
the dupl ica te  oxic elu t r iates  were highly var iab le .  However ,
the organic N concentrations in the anoxic elutria tes were

higher than other elutriates. The ammoñium release , ~t ar-

t i cula r ly  f or the 5 percent tes ts , was r e l a t ive ly  high con-
sidering the low ammonium concentrat ion in the si te water .
Nitrate decreased in all the elutriates over that of the site

water. An increase in the sediment percent led to a decrease

in the ni t rat e concentrat ion.  However , as expected , the

aeration condition did not seem to have any effect on the ni-

trate concentration in the 20 percent oxic and anoxic tests

since the resul ts  were comparable.

Table 5 13

Nitrogen Compound Concentrations: Mobile Bay Site 1
Elutr ia te  Test

(mg N/i)

Sample Organic N Anmionium Nitrate
Designation SD SD SD
Site Water <0.05 “. 0 0.05 0 0.25 0.02

5% Oxic A 0.51 0.02 2.25 0 0.22 0.01

B 0 . 60  0 . 0 3  2.38 0.02 0.2’4 0.01

20% Oxjc A 0.13 0.10 14.76 0.08 0.114 0.01

B 0.94 0.21 6.13 0.06 0.08 0

20% Anoxic A 1.1’4 0.08 14.61 0 0.10 0

B 0.75 0.17 5.71 0.03 0.10 0

Mean and standard deviation calculated from duplicate analyses.

A and B are replicates.
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The n i t r o g e n  compound c o n c e nL -ot i o n s  ~ ur  the Mobile

Bay Site 2 e l ut n ia t e  t e s t s  are p re sen t ed  in Table  5114 . A g a i n

organic N concentrations in the anoxic elutriates were h i gh e r
than those under oxic conditions. The amrnonium release fr-cs .

t h is sediment  was lower than from Mobi le  Bay 2ite 1. For both

Sites 1 and 2 sediments , ammonium release in the elutriates

was hi gher under oxic conditions than under arcoxic conditions

and also increased using higher percent sediment volume. In

all t e s t s , nitrate decreased as a result of elutriation .

Phosphorus Compounds -

Table 515 presents the total phosphorus conctentra-

tions in the Mobile Bay sediment samples on which elutriate

tests were run. These two samples had about the same concen-

trations , which were in the order of 613 to 671 mg 15/kg .
Tabulated in Table 516 are the concentrations of soluble

orthophosphat e in the Mobile Bay elutriates. There did not
appear to be much change in concentration as a result of either

5 percent of 20 percent elutriation of Site 1 samples. Con-

centrations in these elutriates ranged from 0.063 to 0.10

mg P/i compared to 0.061 mg P/i in the site water. There was ,

however , lintited release under anoxic conditions (from 0.061
mg F,]. in the site water to 0.17 and 0.25 mg P/i in the dupli-

cate elutriates).

Soluble orthophosphate concentrat ions in elutriates

from tests on Mobile Bay Site 2 sediment and water samples are

also presented in Table 516 . This site water had a lower con-

centration (0.02 mg P/i) than the Site 1 water. There appeared

to be release of soluble ortho P as a result of each elutriation.

Concentrations increased from 0.02 mg P/1 in the site water to

0.031 mg P/i in the 5 percent oxic elutriates and to about 0.014

mg P/i in the 20 percent oxic elutriates. Greatest release

was found as a result of anoxic elutriation . Those elutriates

had concentrations of 0.086 and 0.11 mg P/i. Overall , the

1131
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Table 514

Nitrog en Compound Concentrat ions:

Mobile Bay Site 2 Elutriate Tests

(mg N/i)

Sample Organic N Ammoniurn Nitrate
Pes igna-t ion SD SD ~ SD

Site Water <0.05 “p0 0.08 0.01 0.28 0.01

5% Oxic A <0.05 ‘\‘O 1.04 0.01 0.37 0

B <0.05 “~0 0.98 0.01 0.3 7 0.01

20% Oxic A 0.4’4 0.09 3.142 0.04 0.27 0

B 0.28 0.10 3.54 0.04 0.25 0.01

2 - J ~ Anoxic A 0.52 0.05 2.60 0 0.20 0.01

B 0.71 0.03 2.28 0 0.24 0.01

Mean and standard deviation calculated from duplicate analyses
of one sample.

A and B are replicates.

Table 515

Tot a I Piiosphctrus Concent t ’ , i t  ions
Mob ile Ba~’ S e d i t s on t

1’ot al P (mg P/kg i-Ii’v w c i r h l
Sample

sp
Site 1 ~7l 

14

Site 2 t313 4

~-1ean and standard deviation celculated from 
dupt Loo t e ,inalv’;es

of one digested sample.
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U~ ble 51b

I i  i~~~’ O c t ho p h o s p h at e  Concen t  rat ions

‘,obi le lt ,t v Flutr ’iate Tests

- 
Soluble Or’tho P (mg P/i )

X SD

P- - I- i l ” Ba’~’ S i t ’ 1

S i t e ~‘a ti - -t 0.061 0.001

5% i~x i c  A 0 . 0 5 8  0

B 0.10 0.001

20% Pxi c A 0.053 ‘ 0

B 0.063 0

20% ,‘\;,~ - y i c  A 0.1 7 0.001

P 0.25 0

P- -hilt ’ 50, Site

Si te Pr,- c A 0.02 0.001

20% ~xi c A 0.040 0

B 0.043 0

0% .-‘u i i - x i c  ,-\ 0 . 1 1  0 . 0 0 1

P 0.086 0.001

Si t e ~‘~a t ’  B 0.019 0

5% Pxic ~-\ 0.031 0

B 0.031 0.001

,i n4.~ St ond ,ic-J J~’vi ar ion calculatei-1 t rom triplicate analyses
o I oro- s imp le .

0 w i t ’r A u i - I  B wi--re t,ik~’ri at the s umo t ime but wore put i,n
di fer’ ’ nt  c o i t  tai ruors . S i t e  w a t e r  A w ,u s  t i :d ’ i - I I or the 2 0 %  oxic
and 20% onetxic tests. Site wa~ or B w as  u se d  fec ’  t h e  5% ox i c
t- , ’a t s .
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Mobile eiutriate tests showed good reproducibility with respec t

to soluble ortho;Thosphate concentrations in the elutriates.

Bie-assay s

The results of the bioassay using Mobile Bay , Ala-

bana sediments are presented in Table 517 . No toxicity was

observed in either the 5 percent or 20 percent sediment tests.

The chemical and physical characteristics of the bioassay

elutric’te waters are presented in Table 515 . The data show

that the total ammonium nitrogen content for the 20 percent

tests was approximately 3.5 mg N/i with 0.08 mg /i present as

unionized ammonia. In addition , there were initial decreases

in the P.O. concentrations and increased levels of turbidity.

The initial decreases in D.O. concentration in both of the

20 percent sediment elutriates were severe enough to warrant

a 15 minute aeration of the elutriate waters following the

one—hour settling period. The 15 minute aeration period

did not change significantl y the level of aismonium nitrogen

present in the bioassay elutriate waters.

Table 519 shows the concentra t ions  of D . O .  in
the bioassay e lu t r i a t e  waters  u t i l i z i n g  M obi le  Bay , A labama

sediments. Minimal aeration was used to maintain a D.O.

concentration of greater than 2 mg/l. Examination of Table

520 shows release of manganese and iron to the bioassay elu—

triate waters. Both nickel and copper were removed from the

waters while no significant change from the control waters

occurred for cadmium , chromium , zinc and lead .

Total ammonium nitrogen concentrations in the bio-
assay elutriate waters at the end of the 96—hour test period
are presented in Table 521. A comparison of Tables 518
and 521 shows a slight decrease in concentrat ion for the
controls and a slight increase in both the 5 and 20 percent
sediment tests.

1142
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Table 521

Anunonium Content of Bioassay Elutriate Water
At the End of the 96-hour Bioassay: Mobile

Bay, Alabama Site 2 Sediment
@ 21°C

Sample pH Total Ainmoniwn Union ized  Ammonia
(m g  N/I ) (mi ’, N/i )

Control A 8.0 0.14 0.01

B 8.0 0.15 0.01

5% A 7.9 1.19 0.03

B 8.0 1.30 0.03

20% A 7.9 3.72 0.08

B 7.9 3.74 0.08 
4 ,

A and B are replicates.

Fi e l d  Studies

Characteristics of Study Site

Much of the eastern gulf coast of the United States

is paralleled by a set of barrier islands located a few miles

off the coast. Cer.erally between the barrier islands and

the coast are shallow bays and , in many areas , salt mar: :hec.

M~~nv of t h e  metropolitan centers are generally located some—

what inland on the coastal rivers. In many i-ireas, located be-

tween the harrier’ islands and the coast is the intercoastal

w i t  ~-~ ‘w ay  . For many I - S or t s  of the coast, this waterway c o n —

5i~~t :;  of ~Iredged channei . A l  so , at many l_ I~ i 1’~ of the coast ,

dredc’el channels i-ire l~r e s c _ -n t  between the open ocean and ~ he

coat ;  t a~ ;i o l  4 ’ ’ t ~I ’l i t dn  i- - e n t e r ’s .  The sloi]. low nature and phv: ;  i cal

charact erist i et ;  o t  t h e  ~ e 1  m ont s c l ’ t h e  coastal hays and

n ear:; li -_ I r e open c_ 4 ’  e on  w4it ~‘ n-s through which t h e s e  channel :;

I l~4 1

_ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  
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di-euged necess i ta tes  f requen t  dred ging . In many instances ,
this dred ging is done hydraul ica l ly  wi th  p ipel ine discharge
c_ I t the dredged sediments a few hundred yards from the side of

the channel. In order to evaluate the reliability of the elu-

ti-Slate test as a method for estimating the release of con-

taminants for open water disposal of dredged sediments arising

from hydraulic dredging and pipeline disposal of sediments

f o u n d  along the gulf coast , field studies were conducted near

Mobile Bay , Alabama , and Apalachicola , Florida. This section

of the report presents the results of the Mobile Bay studies.

‘l’he next section presents the results of the Apalachicola

studies.

Dissolved Oxygen, Temperature, and Salinity

A pipeline dredging operation was monitored on

J u n i & ’ 3 , 1976 , at Mobile Bay, Alabama . The D.O. content of

t h e  water column was measured . Sampling stations 1 through 8

141ere ar-ranged along three transects. One of these was along

the center line of the dred ged sediment discharge plume.

This was determined by a drogue which was released at the

point ol discharge which was designed to move with the cur-

rents of about 0.5 to 1 m depth. The other two followed a

path ~i~’I’i-oxima tul y 4 5 0 either side of the center line of the

discharge plume (Figure lt-3). Station 9 was a “reference ”

s t a t i o n  l o cat ed  u p c ur r e n t  from the discharge point .

The F’ . O . ,  t empera ture , and sal ini ty  p ro f i l e s  of the
water column 15 meters in front of the dred ge were taken on

June 2 , 1976. These data are presented in Figures 184 and iSh.

In Figure c i - s  there is noted a gradual decrease in D.O. with

depth , 7.9 mg/I at the surface and 3.7 mg/i one meter off

the bottom . Temperatures ranged from 24.50C at the surface

to 2 1 . 9 °C at the bottom. Salinity profiles for the same

water showed 2 0/oo at the surface , with slightly greater

t han 21 0
/00 at the bottom. The data presented in Figure 18’i
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show that on June 2, 1976, the channel had a relatively fresh
water layer of approximately 2 to 6 m thickness overlying

more saline water. The less saline water is approximately

2°C warmer than the waters at the bottom of the channel. A

similar profile was taken at Buoys 21 and 22. The results ,

presented in Figure 185, show a compara ble ran ge of read ings ,

with 8.1 mg/i at the surface and 3.6 mg/l near the bottom.

Essentially the same vertical distributions of temperature

and salinity were found on June 3 as on the previous day.

The monitoring of the dredge disposal area during
disposal  began on June 3 , 1976. The D . O .  of the water column
at the depth of 3 and 4 meters was monitored over a period

of 25 minutes; the data are presented in Figure 186. The

extreme variability of the system 40 meters from the dis-

charge was evident in this graph. The IJ.O. at 4 meters ranged

from 0.5 mg/l to 6.0 mg/i , while at 3 meters the D.O. ranged S

from 3.2 mg/i to 6.2 mg/i. Because of this variability, it

was decided to do a s tudy of D .O .  variabil i ty in the dis-
charge plume . These si~ud~es were conducted at Stations 2

and 3.

At Station 2, the water column ’s D.O. content was

monitored for approximately 60 minutes  at f ive  d i f f e ren t
depths : 0.5 , 1.0, 2.0 , 3.0, and 3.5 meters. The data are

plotted in Figure 187. The upper two meters of the water

column exhibited little fluctuation over the sampling period .

The upper meter of water appeared to be little affected by

the disposal operation. The D.O. content of these waters is

near the saturation value for this temperature and salinity.

At the 2 m depth during the early part of the measuring ‘
period , the D.O. content of the water was depressed about

1 mg/i. At 3.0 meters fluctuations of the D.O. levels were

observed , rang ing from 1.2 mg/l to 6.6 mg/i. The water near

the bottom exhibited D.O. dep letion throughout the sampling

period . During this period of time the surface salinity
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i’an~’e~1 i c r  1 .1- to 2 
0/00 . A t a d e p t h  c t 3 .5  m , just al-~’v,’

ho 1-c t  t ~-r , the salin it v Jur in~’. the o n e — h o u r  s t u d y  p c i -  ioJ

rcr 3 . S to ~ . 8 
0/oo. The t omperature ~‘a I Ut ’ S f er  ~t i  1

t~t s ~.t ~ ’r~~~t s t’~i ’ c ~ f fi’on 24 ..
’ to .H .1°C.  The dat a  incl ic~o e

t h e  - ~t ion ot  a den si~ v current c i  h igh  o>~vgon J ~ - n ~~i :~ d inc.

:ri ~ t ’r ia i s.  The t luetuat ion s  in  the  P . O .  l eve ls  at 3 . 0  ~~- i s

w e i ’ L - rcst  likely caused  by f l uc t u a t  ions in the thickness of

he dens ity current.

~he sore sonip 1 ing t echn i ~u e was us ea at ft - ion 3

ct appro x r~iate lv 55 minutes ( f i u:’c 1 55 ) . 1 lie wa t ~‘r o i-ic

uppt -1’ 2 ret ci’s was  1 Ittle~ at footed I-v the disposal cpe1 -~it  i on s .

A t 3 :i depth the 0.0. was depressed to 2 to 3 rg/1 dui’ing

the st udv pet ’ lcd . The 1-c ttcin ~-at ers , 3. 5 met ci’s ,

luctuat ions from O .s mc,/l to 1’ . 5 nc/i. At this stat icn  the

d ens it v current app eai’ed t o be ~2 i 1 utod  s l i g h t  I v  based cii he

t a c t t h a t  the salinities were , in general , 3 . 5  ~ / co  comp~o-ed

to those at Ot a t i on  2 , wh ich we r e c e n e r al ly  above L /co.

The var iable  P . O .  found near  the bottom is l ik e ly

due to two causes. It is primarily due to the nature of the

dredging operation in w h i c h  the oxy gen  demand of t i le  dredged
sed imen t  s Lu r r y  is highl y variable as a r e su l t  of t i le  v a r~ a—
b iL i t y  of t he  amount  of sediment  in the s l u r ry .  The op era -
t i O n  c t  the dr ed ge  i n vo l v es  s u c k i n g  a s e d i m e n t — w a t er  m i x t u r e

f rom the b o t t o m  of the  channel. While  the  dredging oper~1 to]-s

like to achieve a 20 p er c e n t  sed imen t  in th is s lu r ry . s i n c e

th i s  is opt imum pumpin g e f f i c i e n c y ,  th is  is rarely achieved
fo r any e x t e n d ed  per iod of t ime . The suct ion head on the
dredge swings  t hroug h an arc back and f ort h in f r o n t  of t l i t~
d redge dS it slowly walks  forward . This r e su l t s  in a h i g h l y
var iab le  percent  sediment  in the dred ge d i scha rge pipe , ranging

from essentially clear water  to sediment percentages similai-

to tha t  o r ig ina l ly  present  in the  undred ged s e d im e n t  . In
add it ion to a v a r i a b l e  oxygen demand in the sl u r ry , t h e  v , lr i a—

ble perc en t  sed iment in the  s lur ry  leads to an u n s t ab l e

1155

- 

- 

- -

~~~~~~~~~~~ 

___



N

I I I I I F I I I

N

~./ ~~~~~~~~~~~~~~~~~~ E E E E ~~~~~~~- 

~~~~ 0 0 _ Q ~~’
_ ’ .2 x T C.

~

J~~~~~~~
a 

~~~~~~~~~ 1::
::

j  
/ 1 

:

(t/6w ) ua6ic x o pa~~ o c i~~

li5s

~~~~~~~~~~~~~~~~~~~~~ ,

TII
~~~12TCT~~~~~~~TTh1 T ~~~~~~~~~T . - j ~~

I



densi ty current which would tend to promote mixing between

the oxygen de f i c i en t  watex-s and the dens i ty  current and the
o v e r l y i ng  w a t e r s .

W a t e r  column D .O .  p r o f i l e s  were taken at each
s t a t ion . 1he plots of the data obtained are presented in

Figure  159 . The da ta  from Stat ions 1 through 4 indicate  the
exten t of he D . O .  deple t ion as a func t ion  of depth as one
moves away I r on the discharge point . As seen in Figures 186,
157 and 158 , as one moves away fr -c m the discharge point ,

t he  heigh t of the  i-,’-~ ter mass affected decreases. The cha nges

in D . O .  a t  Stat ions 1 th rough  4 (F i gure 189) indicate that the
dens ity cur r en t was f rom 1 to 1.5 meters  th ick  at the time

of samp l ing.  The p r o f i l e  data  from S ta t ions  5 , 7, 8 and 9
(Figure 189 ) i n d i c a t e  s imilar  p r o f i l e s .  The prof i les  are
somewhat d i f f e r e n t  from Stations 1 through 4 in that the D .O .
never f a l l s  below 4 . 5  m g / l .  These s ta t ions  are less a f f e c t e d

by the d r - e t c e d  ma te r i a l  d isposal  oepration discharge.  The
Station 6 prof i l e  (F i gure 189 ), 1-irwever , resembled those
taken at Stations 1, 2 and 3. It can be concluded that this

area was affected by the disposal operations. This indicates

that part of the discharge plume was moving in a more nor-
therly direction.

The turbidity of the water in the disposal site

was monitored u s i n g  a transmissometer with a 10 cm light path.
The water in the area was quife turbid at all t imes. Station

9, the reference station, had a max .~mum tratisn issivity of

27.3 percent . The changes iii r nsnissivitv over a period

of time were monitored at Otat ions 2 and 3 (Figures 190 and

191). The data from Stat ion 2 -d~ -weJ li tle noticeable dif-

fe rence  be tween  1.0 and 2.5 meter depths . All of the values

f o r  all depths f e l l  w i t h i n  the ra i g e of  t he  r ead ings  from

2.5 meters , 10.2 p elcent to 15.9 percent. Th e same thing was

true at Stat~~ n 3 for the readings at 3 . 5  meters depth; they
rang-el fi-om 4. 3 pc ’  cent to 16. 9 percent .
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Water column profiles were taken at all the sta-

tions using the transmissometer (Figure liL). Due to the al—

ready high turbidity of the water , there are only a few pro-

files that correlate well with the P.O. profiles in Figure

185. Station 4 is one of these. The sharp decrease in per-

cent t ransmiss ion  occurred at the same depth where a sharp
decrease in D.O. was observed . At Station 1 the high tur-

bidity was seen at the surface; Station 2 , surface and bottom ;

Station 3, a uniform profile; and Station 14 , onl y at the
bottom . These profiles point to a movement and concentrat ion

of particles at the bottom of the water column with increasing

d i s t ance  from the  d i scharge  point , or a fo rmat ion  of d e n s i t y

current . The remaining s ta t ions showed r e l a t ive ly  u n i f o r m
plots with a slight decrease near the bottom. These were

what one would expect and were similar to the reference Sta-

tion 9.

Heavy Metals

The concentrations for selected soluble heavy

metals collected from Mobile Bay are shown in Table 1-22 . At

Stations 1, 2, and 3 (see Figure 183 for station locations)

where the density current from the discharge was most evident ,

elevated concentrations of iron , and occasionally of arsenic

and cadmium were detected. Zinc concentrations were lower

in the samples taken at these stations than at other stations

that were affected to a lesser extent by the dred ged material

discharge. There were no changes in concentrations of man-

ganese , chromium , lead , or copper as a result of the disposal.

Soluble iron concentrations at Stations 5 th rough
9 ranged from 68 to 265 pg/i. There was no par±iculor pattern

discernible with variation in depth. At Station 1, directly

in front of the pipeline discharge , the concentrations of
iron ranged from 1814 to 709 pg/l . Higher concentrations were

found in the samples taken at 3.5 and 14 meters where the

density current was thickest. Concentrations were high above
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this depth because the water was still mixed and turbid fr- - ’m

the i ischarge. Stat ions 2 and 3 had concentrat ions  from 0 . 5
to 3 . 0  meters ranging from 129 to 379 jig/i iron. In the bot-

tom meter of the water column , where the density current

existed , iron concentrations ranged from ~23 to 650 jig/i.

Station ~ was in the same line as Stations 1 thrQugh 3 , but

the density current had dissipated somewhat by the time that

it reached this distance. The concentrations at 1.5 and

3.5 meters were 297 an5I 172 jig/i iron , respectively, but at

~4.0 meters , it was still e’evated , 323 jig/i.

Arsenic concentrations at Station 3 through 9

ranged from below the detection limit (2 jig/i) to 7.5 jig/i.

There were a few F-ampies taken at Stations 1 and 2 which ex-

céeded this range . Two samples taken at 3.5 and 14~~Q meters

at Station 1 contained 10.0 and 9 j i  jig/i arsenic , respectively.

Two samples , both taken at 3.5 meters at Station 2, contained

11.3 and 9.~ pg/i arsenic. All other samples taken at these

two stations had arsenic concentrations in the range of less

than 2 to 7 . 5  pg /i.

Cadmium concentrations at Station ~ through 6 rdr1s C5~
from 1.1 to 1.6 pg/i. At Stations 1 through 3 the range was

l.’~ to 2.7 pg/i , with the higher concentrations being found

at Station 1 (2.0 to 2.7 pg/i). Cadmium levels at Stations

7, 8, and 9 were slightly higher than background and ranged

from 1.6 to 2.P pg/i. The elevated Station 9 levels  are due
to the close prox -nity of the dredging operat ion.

The lowest zinc concentrat ions (8.6 to 1P .9 jig/i)

were found in the highly turbid samples from Stations 1, 2

and 3, indicating sorption . Concentrations in other samples

at these stations ranged from 16.5 to 28.7 jig/i. Concentra—

tions at Stations ‘
~~~, 5 and 6 also fell in this range. Slightly

higher concentrations , rang ing f ron 19.3 to ~0.5 pg/i. were

seen at Stat ions 7, 8 and ¶~.

~:eI’cur’/ concentrat i5 - )nis varied widely. At Stations

1171
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1 through 3 the range was from less than 0.005 jig/i (detection

limit) to 0.150 jig/i. At Stations 14, 5, and 6 all samples but

one contained 0.05 pg/i mercury . At Stations 7, 8 and 9, the

range was wide , 0.05 to 0.1141 jig/i mercury. The variation

in mercury concentrat ions at the first three stations was

likely due to the influence of the density current .

There were no patterns of change in concentrations

of manganese , lead , or copper. The ranges of these metals

were 53 to 190 pg/i manganese , 14.8 to 7.9 pg/i lead , and 1.7

to 5.14 jig/i copper. Chromium concentrations in all samples

were below the detection limit of 2 jig/l.

Nitrogen Compounds 
- 

- -

The ammonium and nitrate data for the water samples

collected are presented in Table 5 2 3  . Water samples from

Stdtion 1, which is 50 meters away from the end of the pipe ,

showed a pattern of increasing ammonium concentration with

depth which was correlated with increases in turbidity. The -
- -

difference in ammor,ium concentrations in the two samples cci—

lected at 3 meters depth appeared to have occurred as a rc-

suit of variation in the density current which is evident
from the turbidity and other data. Water samples collected

from Stdtion 2 , at a distance of 260 meters from the pipe , . :

also showed the same pattern of increasing ammonium concen—

trations with depth. The density current was much thinner

at this station and the amn-tonium concentrations higher at

the bottom than those at Station 1. Samples collected one

and a half hours later from this  station showed much higher
ammonium concentrat ions at surface and bottom than the

earlier samples , but the concentrat ions decreased in mid-

depth water.

At a distance of 1400 meters from the discharge

pipe at Station 3 the ammonium concentrations in the bottom

water were slightly less than those observed at Station 2.

At Station 14 , at a distance of 800 meters from the plpe ,
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Table b 2 3

Ammonium and Ni t ra te  Data: Mobile Bay, Alab ama
(Water Samples)

June 3 , 1976
(mg N/f)

Sampling Time Depth Aimnonium Ni t ra te
Locat ion - -(h r :m i n : s e c)  (m ) X SD X SD
Station 1

0 9 : 0 0 : 0 0  0 . 5  < 0 . 0 5  “p0 < 0 . 0 4  “~s0

0 9 : 0 1 : 0 0  3 . 0  0 . 5 8  0 0 . 0 1 4  0
0 9 : 0 2 : 0 0  3.5 5.11 0 . 0 8  < 0 . 0 4  ~~
0 9 : 0 3 : 0 0  1 4 . 0  6 .14 0.11 0. 16 0 . 0 1
0 9 : 0 5 : 0 0  2 . 0  0.10 0 .01  0.17 0 V

0 9 : 1 4 : 0 0  3 . 0  3 . 0 4  0 . 0 1 4  < 0 . 0 4  ~ Q

09 :1 5 :00  ‘4.0 6.10 0 0.0’4 0

Station 2
0 9 : 4 0 : 0 0  0 . 5  < 0 . 0 5  ~ 0 0 .16  0 . 0 1

0 9 : 4 1 : 0 0  1.5 < 0 . 0 5 “sO 0 . 0 5  0 .01
0 9 : 1 4 2 : 0 0  2 . 5  0 . 3 2  0 . 0 1  0 . 0 6  0 . 0 1
0 9 : 4 3 : 0 0  3.5 6 . 5 8  0 . 0 6 < 0 . 0 ’4  “ O
0 9 : 4 4 : 0 0  3 . 0  0 . 4 2  0 0 . 0 6  0

1 0 : 2 0 : 0 0  0 . 5  < 0 . 0 5  “ O 0 . 0 8  0 . 0 1
1 0 : 2 1 : 0 0  1 .5  < 0 . 0 5  “sO 0 . 0 6  0
1 0 : 2 3 : 0 0  1.5  0 . 0 6  0 . 0 1  0 .10  0 . 0 1

10 :25:00 3.5 6.93 0 ‘-0.0’4 o~,Q

1 0 : 16 : 0 0  3 . 0  1 .18 0 . 0 1  0 . 16  0 . 0 1

12:01:00 0.5 0.12 0.01 0.18 0.01

1 2 : 02 :3 0  1 .b < 0 . 0 5  “~0 0.l6 0 .01

12 : 0 5 : 0 0  1. 5  — 0 . 0 5  “0 0 . 10  0 . 0 1

1 2 : 0 6 : 0 0  3 . 5  8 . 2 8  0 . 0 8  — —

(Con t. Ii I U C  (1)

I 1/  3
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Table 523 (COrciuded )

Samp~~ing Time Depth Ammonium Nitrate
Location (hr:min:sec) Cm) SD g SD
Station 3- 1 0 : 5 2 : 0 0  3 . 0  1.60 0 . 0 3  0.04 0.01

10:55:30 2.0 0.06 0 0.06 0

10:58:30 0.5 0.09 0 0.08 0.03

11:01:00 1.0 <0.05 “~O

12:19:30 3.5 5.70 0.01 0.07 0

1 2 : 2 3 : 0 0  3 .0  0 . 2 9  — 0 2 3  0.01

12:25:00 2.0 <0.05 “-.0 0.22 0.01

12 : 2 6 : 3 0  1.0 < 0 . 0 5  “'0 0.12 0.01
Station LI 12:41:00 4.0 1.62 0 0.12 0.01

12:44:00 1.5 <0.05 ~0 — —

1 2 :4 6 : 0 0  3 . 5  0 . 8 6  0 . 0 2  0 .21  0
Station 5 13:01:00 1.0 <0.05 ~-‘O 0.16 0

13:02:30 3.0 0.49 001  — —

13:04:00 3.5 0.68 0.01 — —

Station 6 13:14:30 3.5 1.59 0.03 0.10 0

13:15:30 3.0 0 . 5 9  0 . 0 7  0.14 0.01
13:17:00 1.0 0.07 0.01 0.23 0.01

Station 7 13:214:30 1.0 0.07 0 — —

13:25:30 3.0 0.08 0.01 0.28 0.01

13:26:30 3.5 0.18 0.01 0.13 0.01

Station 8 13:36:30 1.0 0.30 0.01 0.20 0.01

13:37:30 3.0 0.12 0.01 0.16 0

13 :39:30 3.5 0.13 0.01 0.14 0.01

Station 9 13:51:00 1.0 0.05 0 0.22 0.01

13:52:00 3.0 0.73 0.04 0.20 0

13: 5 3 : 0 0  3.5 0.14 0 0.14 0.01

~-~ - I- u1 and s tandard  dev i 1 it ion  ca lcu la ted  from dup l i c~~t e  an a l y s e s .
Dash ( - )  means data not available.
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Table 5214

Organic N Data for Selected Water Samples

Collected from Mobile Bay

(mg N i l)

Sampling Time Depth Organic N
Location (hr:min :sec) (m)

Station 1 09:01:00 3.0 0.15

0 9 : 0 5 : 0 0  2 .0 < 0.05

Station 2 09:41:00 1.5 <0.05

09:43:00 3.5 1.53

Station 3 12:19:30 3.5 5.40

12:25 :00 2.0 <0 .05

Station 5 13:01:00 1.0 < 0.05

13:04 :00 3.5 <0.05

Sta tion 8 1 3 : 3 6 : 3 0  1.0 < 0 . 0 5
13:39:30 3.5 <0.05

Phosphorus Compounds

Table 525 presents the soluble orthophosphate arid

total phosphorus concentrations in samples collected during

dredged material disposal in Mobile Bay . During the first

profile sampling at Station 1, soluble or thophosphate concen-
trations were at or below 0.016 mg P/i down to about 3.5 m.

There the concentration was 0.31 mg P/i. The concentration

was lower (0.037 mg F/i) at the 14 m depth. When the 3 and 4

meter depths were subsequently resampled , concentrations were

0.10 and 0.35 mg P/i , respectively. These values ccrrespond

to high turbidity values (reported elsewhere) and indicate the

presence of a density current of dredged material flowing in a

thin layer between 3 and 4 meters ’ depth. This density current

was also seen at Station 2 , approximately 84 m downcurrent

from the discharge. During the first two profile samplings ,

concentrations down to 3 m were 0.018 mg P/l or less where
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TehI,’ 525

n~~lub  1 s’ St  t ho P dflsi to tel P Concent rat ietrs

Mobi le  5 i y  f li s p o se l  Opet ’at ion June  3 , 197 2

Sol u bl e S i - t h e  F - ‘-
~~~~~ - i  p

‘1’ ini c Depth 
- 

(rn g  P/i) 
—~~~~~ (i:ic P/1)

(iu-:min : scc) (ii ) S12 SD

S t i ’Hon I

9 : 0 0 : 0 0  0 . 5  ~ 0 . 0 1  0 -

4:01:00 3 0.01 11 0 —

9:02:00 3.5 0.3! 0 —

‘1:03:00 11 0 . 0 37  0 —

~ :05:00 2 0.016 0 —

l :l a .O0 3 0 .10 0.001 —

‘1:15: 00 ‘4 0 . 3 5  0 . 0 0 2  —

S t i t i ’ :  2

9 : 4 0 : 0 0  0.5 0.011 o
9 : 4 1 : 0 0  1 .5  ~ O . 0 l  0 . 0 0 1  0 . 13  0 . 0 0 4

~~: U 2 : 0 0  2 . 5 0 . 0 1  0 . 0 0 1  —

9 : 4 3 : 00 3 . 5  O .2’ 0 . 0 0 6  —

‘1:44:00 3 0.016 0.001 —

10 : i ’ 0 : 0 0  0 . 5  0 . 0 1 3  0 —

10 : 2 1: 0 0 1.5 0.010 0 —

10 :23 :00 2.5 0.010 0.001 —

1 0 : 2 5 : 0 0  3 . 5  0 . 1 2  0 . 0 0 1  —

10:26:00 3 0.016 0 —

12 :01:00 0.5 2 .040 0 —

1 2 : 0 2 : - l U 1 . 5  0 . 0 2 7  0 —

12 : 0 5 : 0 0  2 . 5  0 . 0 2 0  0 —

1 2 : 0 6 : 0 0  3 . 5  0 . 144 0 —

(( ‘en t i sueS)
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Table 525CContinued )

Soluble Ortho P Total P
Time Depth (mg P/ i)  (mg P / i)

(hr:min :sec) (m) SD SD

Station 3
10:52:00 3 0.027 0 —

10: 5 5 : 3 0  2 0 .0 l ~ 0 —

10:58:30 0.5 3.018 0.001 —

11:01:00 1 0.054 0.001 —

12:19 :30 3. 5 0.070 0.001 —

12:23:00 3 0.027 0 —

12:25:00 2 0.022 0 0.14 0.06

1 2 : 2 6 : 3 0  1 0 . 0 1 4 1  0 —

Stat ion 4

12:141 :00 14 0 .024 0 -

12: 1414 :00 1.5 0.023 0 -

12:46:00 3 .5 0 .017 0 —

St at i o n  S

13:01:00 1 0.065 0 0.10 0.03

13:02:30 3 0. 0 2 3  0 —

1 3 : 0 14 : 0 0  3 .5  0 . 0 2 5  0 0 . 2 0  0 .0 16

Station 6

1 3 : 1 1 4 : 3 0  3 . 5  0 . 0 5 8  0 —

13:15 :30 1 0.014 0 0.001 —

1 3 : 1 7 : 0 0  1 0.0511 0 —

Station 7

13:24:30 1 0 .0 14 1 1 0 .001 —

1 3 : 2 5 :3 0  3 0 . 0 4 3  0 —

13:25 :30 3.5 0.O l t  0.001 —

( So u l  m i red
117 8

~
-
~1~~~~_~ — -~~ --- .z.. ~~ 

— -



Table 525 (Con~iuded)

Soluble Ortho P Total P
Time Depth (mg P/i) (mg P/i)

(hr:min :sec) (m) SD SD

Station 8

13:36:30 1 0.033 0 0.17 0.06

13:37:30 3 0.023 0 —

1 3 : 3 9 : 3 0  3 . 5  0 . 0 2 6  0 . 0 0 1 0 . 0 9 2  0 .016

Sta t i o n  9
13:51:00 1 0.031 0 —

1 3 : 5 2 : 0 0  3 0 . 030  0 —

13 :53:00 3.5 0.013 0 —

Mean and standard deviation calculated from dup licate analyses
of one sample.

Dash (-) indicates no analysis made .

turbidity values were about 3000 NTU . At 3.5 m they were 0.22

and 0.12 mg P/i. During the third profile sampling at Station
2 , concentrations at all depths were higher , but the concen-
tration at the 3.5 m depth (0.1414 mg P/i) was substantially
greater than in the upper waters , and also corresponded to a
higher level of turbidity.

At Stat ion 3 , nearly 1400 m downcurrent from the dis-

charge , there was less evidence of a density current with re-

spect to soluble orthophosphate levels. Concentrations

ranged from 0.018 to 0.054 mg P/i in the first three meters .
At 3.5 m , the concentration was 0.070 mg P/1. At Station 14 ,

about 800 m downcurrent from the discharge , soluble ortho P

concentrations (and turbidity) appeared fairly uniform with

depth , ranging from 0.017 to 0.024 mg P/i. The total phos-

phorus concentrations at 1.5 and 2 m at Stations 2 and 3 ,
respectively, were both about 0.13 mg P/i.
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Soluble orthophosphate concentrations at Stations
S and 8 (about 800 m from the discharge at 45~ angles above
and below current direction ) ranged from 0 . 0 2 3  to 0 . 0 6 5  mg P/ i ,
and 0.023 to 0.033 mg P/i, respectively. The highest soluble

ortho P concentrat ions at these stations were in the surf ace
water s. Although this was also the pattern of total P
concentrations at Station 8, at Station 5, the higher total
phosphorus concentration was in the near bottom water. The

lower phosphorus concentrations found in the near bottom
water at Station 8 may have been related to what appeared to

be a salt wedge entering the disposal area with a rising tide.
The salinity in the near bottom waters was 11 0fo~~ whereas
in the surface waters , it was 1 0 /oo

The only other station that appeared to have such
a salinity variation was Stat ion 7 (locat ed about 400 m from
the discharge , 4 ,50 below the current direction). There the

1 and 3 m soluble orthophosphate concentrations were both

about 0.0414 mg P/i. However, at 3.5 m , it was 0.016 mg P/i.

Concentrations of soluble orthophosphate at

Station 6, (about 400 m from the discharge 45° above the

direction of current) ranged from 0.0140 to 0.058 mg P/i.

There did not appear to be a particular pattern with depth.

At Station 8 slightly lower total P and soluble ortho P

concentrat ions were found in deeper waters.

Samples collected at Stat ion 9, about 400 m up-

current from the discharge , had soluble orthophosphate con-

centrat ions ranging from 0.013 to 0.031 mg P/1. The lowest

concentration was found at 3.5 m , but these values did not

appear to be related to salinity differences.

Organic Compounds

Table 526 present s the result s of the pesti-

cide and PCB analyses as well as the characteristics of the

samples in terms of pH , specific conductance , turbidity,
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Table 5 2 6
Mobile Bay Dredged Sediment Discharge Plume

Water Samples-Station 2

Compound 2 Meter 3.5 Meter
Samples Samples

(ng/l)

Aidrin 1.1 19.7

op ’ DDT < 3 Q *  3.6

pp ’DDT < 3.0 71.9

op ’DDD < 2.0 < 2.0

pp ’ DDD < 2.0 < 2.0

op ’DDE < 2.0 < 2.0

pp ’DDE 11.6 10.7

Dieldrin < 1.2 < 1 .2

Endosulfan I < 1.2 < 1.2

Endosulfan II < 2 . 2  < 2 . 2

Endrin < 1.6 < 1.6

Heptachlor < 0 . 4  < 0 . 14

Lindane 7.8 3.3

PCBs 231 273

Other Parameters

Oil and Grease (m g / i )  < 0 . 6  1 . 5

TOC (mg/i) 19 50’4

Soluble TOC (mg/i) 16 10

pH @ 2 5°C 7.6 7.5

Specific Conductance 3.03 x ~~~ 7.6 x l0~(iimhos/cm @ 25°C)

Turbidity (NTU) 37 240

% Settleable Solids < 1 2 2
(v/v) (24 hours
settling)

~Compound present in quantities below detection l i m i t .
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percent settleable solids , oil and ~,reese , TOC , dfld soluble

TOC . The table shows that the turbidity of the 2 meter

sample (37 NTIJ) is much less than that of the 3.5 meter

sample (2140 fli P ). Pci-cent settleable solids in the 2 meter

samp le was less than one percent while the 3.5 meter samp le
had 22 percent . Oil and grease in the 2 meter sample was below

the ~1e tectic’m’. limit (0.5 mg/i) and 1.5 mg/i was found in the

3.5 m e te r  samp le .  The TOC and soluble TOC in the 2 meter

samp le were 19 and 16 nip/i , respectively. These results

i n d i c a t e  t h a t  TOC con ten t  is main ly  present  in the soluble

form and only  2.2 m g / i  is attributed to the particulate

n et t e r .  The TOC and soluble TOC in the 3 . 5  meter sample were

5014 and 10 mg/i , respectively. Apparent ly  in the 3.5 meter
sample most of the TOC was dssocieted with particulate matter.

LimSanc , aldrin , pp ’ DDE , op ’DDT and [‘CBs were

found in the 2 m e t e r  sample. The same compounds and pp ’ DDT

were found  in the 3.5 ureter sample. Concentrations of aidrin ,

pp ’ DD E , litis i~~ri e arr~1 }S’hs in the 2 meter sample were 1.1, 11.6 ,

7.8 , and 231 rig/I, respectively. The 3.5 meter sample con-

t a ined  a ldr in , op ’ DDT , pp ’ DDT , pp ’ DDE , l indane and PCBs in

con centrations of 19.7 , 3.5 , 71.9 , 10.7, 313 , and 273 ng/i,

respec tively. Except for lindane and pp ’DDE , concentrations

of the other measurable compounds were higher in the 3.5

meter sam p le than in the 2 meter sample. It could be rea-

sonably concluded that a considerable fraction of these com-

pounds are associated with the particulate matter in the 3.5

meter sample. The most obvious is pp ’DDT which was not de-

tected in the 2 meter sample while the 3.5 meter sample con-

tained 7.19 rig/i. The low solubility of pp ’DDT supports this

conclusion .
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Tab le A l

Sed imen t  Oxygen  Demand: Los Ange les  S i te  1 S e d i m e n t
(mg/I (~ 20°C)

Time Dissolve d Oxy gen 
____

(Mm ) Run 1 Run 2 Run 3 SD

0 7.6 7.4 7.4 7.5 0.1

1 6 . 9  7 . 2  7 . 0  7 .0  0 . ?
2 6.3 6 . 8  ~.s 6.5 0.3

3 5.7 6.3 6 . 0  6.0 0 . 3
5.2 5.8 5.7 5. 1 0 . 3

S ‘ 4 . ’I 5.5 5.3 5.2 0 . 3
6 4.6 5 . 2  5.0 ‘4 .9 (1 . 3

4 . 3  5.0 ~~~ ‘4 • 7 0.4

[ 1 .9  4~~7 4 . 6  0 .4

‘4. 1) ‘e.7 4 . 5  ‘4 . 11 0 . 4
[0 3.3 4 . 5  4 4  4 , 3 0.3

15 3 .2 4.0 3 . 8  3 . 7 0 . 11

2 0 2 . ’ 3.5 3 .2 3 . 1  3.1

.‘~S 2 . 3 3 . 2  2 . 8  2 . 8  0 . 4
$1.) 2 . 0 ’  2 . 8  2 . 3  2 . 4

.15 l . t ~ 2 . 4  2 . 1  2 . 1)
411 1 . 1$ 2 . 1  1 . 7 1 . ” 0 . 4

45  1 . !  1 . 7  1 . 4  1 .4  0 . 3

50 0 . 9 1 . 4 1 . 2 1 . 2 0 . 3
0 . ’ 1 . 2  1 . 0  1 . 0  0.3

60 0 . 5  1.0  0 . 8  0 . 8  0. 3

Sample si ~e — 3 0

:~

_ _  _ _ _ _  _ _ _ _ _ _ _ _
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Table A2

Sedime nt Oxygen Demand: Los Angeles Site 2 Sediment

(m g / i  @ 20°C)

Time Diss olved Oxygen

(Mm ) Run 1 Run 2 Run 3 SD

0 7 . 1 4  7 . 1 4  7 . 1 4  7 . 14 0 . 0
1 6 . 8  6 . 8  6 . 8  6 .8 0 .0
2 6 . 5  6 . 6  6 . 5  6 .~ 0.1
3 6.14 6 . 5  6 . 4  6 . 11 0.1

‘4 6 . 3  6 . 14 6 . 2 6 . 3  (1 .1

5 6 . 2  6 . 3  6.1 6.? 0.1

6 6 . 1  6 . 3 6 . 1  6 .?  0 .1
7 6 . 1  6 . 7  6 . 0  6 .1  0 .1
8 6 . 0  6 .1  5 . 9  6 . 0  0 .1

9 5 . 9  6 . 1  5 . 9  6 . 0  0 . 1
10 5 . 9  6 . 0  5 . 8  5 . 9 0 . 1
15 5 . 7  5 . 8  5 . 6  5 .7 0 . 1
20 5.11 5.5 5.4 S. ’4 0.1

25 5 . 2  5.3 5.2 5.? 0.1

30 5 . 0  5 .0  5 . 0  5 . 0  (1 .0
35 1 4 . 9  4 ,9  14 . 9 1 1 . 9  0 . 0
40 4 . 7  4 . 7  4 . 7  4 . 7  0 . 0

‘45 14~~ (~ 4 .6 4 . 6 4 .6 0 . 0
50 4 . 4  4 . 5  14 .11 4.4 0.1
55 1 1 .3  4 . 4  11. 3  4 . 3  0 .1
60 1 4 . 2  1 4 . 2  4 . 1  4 . 2 0 .1

Sample size — 3 c c.

A5

____________________________________________________________________________________  

~~~~~



Table A3

Sediment Oxygen Demand: Newpor t  S u b sam p l e  A

(mg/i @ 19°C)

Time Dissolved Oxygen 
____

(Mm ) Run 1 Run 2 Run 3 SD

0 7 . 5  7 . 2  7 . 3  7 . 3  0 . 2

1 7 . 2  3.8 6.8 6. 9 0.?

2 6 . 7  6 . 3  6 . 1  6 . 1 4  0 . 3

3 6 . 4  6 . 0  5 . 9  ~~~. 1 0 . 3
4 6 . 2  5 . 0 5 . 8  ~ .0  0 . 2
S 6 . 0  5 . 7  5 . 6  5 . 8  0 . 2

5 5.9 5.5 5 .14 .5 0.3

7 5 . 7  5 . 3  5 . 3  5~~i4 0 . 2
8 5 .6  5 . 2  5 . 1  5 . .~ 0 . 3
9 5 . 4  5 . 1 1  5 . ( )  5 . 1  0 . .’

10 5. 3 14 . 9 ‘4 . 9 5 . 0 0 . 2
15 ‘4 . 6 4 . 2 14 14 . 4 0 .
2 0  14 . 0  3 . 7  3 . 7  3 . 6

2 5  3.5 4 .. 3. .’ 0 . . ’
3.1 2.8 2 . 8  2 . 0  0 . 2

35 2 . 6  ‘~~ 14 ~•3 ~. II

40 2 . 2  .‘ .1 2 . 0  .~.1 0 . 1
I 2 . 0  1 . 1  1 . s 1.8

50 1.6 l. ’I 1.3 1. 0 0..

55 1.4 1 . 2  1 . 1  1. :  0 . 2

60 1 . 2 1 . 1 0 .  0 1 . I 0 .  2

Sample size —

A 6

- - —-—_~~~~~~~~~~~~~
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Table A4

Sediment Oxygen Demand: Newport Subsample B

(mg/i @ 19°C)

Time _____  
Dissolved Oxygen 

—

(Mm ) Run 1 Run 2 Run 3 SD

0 7 . 5  7 . 5 7.5 7.5 0.0

1 7.3 7.3 7,4 7.3 0.1

2 7.1 7.1 7.2 7.1 0.1

3 7.0 7.0 7.1 7.0 0.1

4 6.9 6.9 7.0 6.9 0.1

5 6 . 9  6 ,8 6 . 9  6 . 9  0.1

6 6.8 6.8 6.8 6.8 0.0

7 6 . 8  6 . 7  6.8 6.8 0.1
8 6.7 6 . 7  6 . 7  6 . 7  0.0

9 6.7 6 . 6  6.6 6.6 0.1

10 6.6 6 . 6  6 . 6 6 .6 0 .0
15 6.4 6 , 4 6 . 3 6 . ’4 0.1

20 6.3 6.3 6 .2 6. 3 0.1

25 6.1 6.1 6.0 6.1 0.1

30 6.0 5 .9  5 . 8  5 . 9  0. 1

35 5.9 5, 8 5. 7 5 . 8  0.1

‘40 5.8 5.7 5 , 6 5 . 7  0.1

‘45 5 .7  5 . 6 5 . 5  5 . 6  0.1

50 5.6 5.5 5, 4 5.5 0,1

55 5 . 5  5. 4 5.2 5.4 0.2

60 5• 14 5 . 3 5.1 5.3 0 .2

Sample size — 3 cc.

A7 

‘ ‘.-,- - 
.
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Table A5
Sediment Oxygen Demand: Stamford Sediment

(mg /l @ 20°C)

Dissolved OxygenTime 
-(mm ) Run 1 Run 2 Run 3 X SD

0 7 . 4  7.4 7.4 7.4 0.0

1 7.0 7.3 7.2 7.2 0.1
2 6 . 7  6 . 8  6 . 8  6 . 8  0 .1
3 6 . 1 4  6 . 6  6 . 7  6 . 6  0 .1
4 6 . 3  6 .4  6 . 5  6 .4  0 .1
5 6 .1  6 . 2  6 . 3  6 . 2  0 . 1
6 5 . 9  6 . 0  6 .1  6 . 0  0 .1
7 5 . 8  5 . 9  6 . 0  5 . 9  0.1

5 . 7  5 .8  5 . 8  5 . 8  0 .1
9 5 . 5  5 . 6  5 . 6  5 . 6  0 .1

10 5 . 4  5 .5  5 . 6  5 . 5  0.1
15 4 . 9  4 . 9  5 . 0  4 . 9  0 .1
20 4 . 3  4 . 4  4 . 4  4 .4  0 .1
25 3 . 9  4 .1  4 . 0  4 . 0  0 .1
30 3 .5  3 .6  3 . 6  3 .6  0.1
35 3 . 2  3 . 2  3 . 3  3 . 2  0 .1
40 2 . 9  2 . 9  3 . 0  2 . 9  0 . 1
4 5 2 . 6  2 . 6  2 . 7  2 . 6  0 .1
so 2.3 2.3 2.4 2.3 0.1
55 2.1 2.1 2.2 2.1 0.1

60 1.8 1.8 . 1.9 1.8 0.1

Sample size — 3 c c .

A8

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~
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‘~able  20

S e d i m e n t  Ox v ’n cm~i n 2 :  N o r w a l k  i t o  I S e d i m e n t

( n ~’. / J  0

Dissolved OxygenL i mo
( :~ in ~ Run 1 Run 2 Run 3 Y

o 7 . 5  7 . 5  7 . 5  7 . 5  0 . 0
1 7 . 1  7 . 0  7 . 0 7 .2  0 . 2

2 5 . 8  5 . 7  7 .0  6 . 8  0 . 2
5 . 5  6 . 8  6 . 6  0 . 2

4 5 . 5  6 . 3  5 . 7  6.5 0.2

5 1 . 3  6 . 2  5 . 5  ~~~~~~~

6 5 . 2  6 . 1  8 . 2  0. 2
5 .1  5 . 9  8 . 2  8 . 1  0 . 2

8 5 . 9  5 . 8  6 . 1  5 . 9  0 . 2
0 5 . S  5 .~ 5 . 0  5 . 8

10 5 . 7  5 . 6  5 . 9  5. 7 0 . 2
15 5 . 2  5 . 1  5~~[4 5 . 2  0 . 2

20  1 4 . 8  11 .6  5 . 0  1 1 . 8  0 . 2

.8 4 . 3  4 . 2 4 . 5  14 • 3  0 . 2

30 4 . 0  3 . 8  4 . 0  3 .9  0 . 1
35 3.6 3.5 3.7 3.6 0.1

40 3 . 2  3.1 3 . 1 1  3 . 2  0 . 2
145 2 . 9  2 . 9  3 . 0  2 . 9  0 .1

50 2 .6  2 . 6  2 . 6  2 . 6  0 . 0

55 2 .4  2 . 3  2 . 3  2 . 3  0, 1

60 2 . 2  2 . 2  2 . 1  2 . 2  0 .1

Sample size — 3 cc.

A9

~~~~~~~~~~~~~~~~ T I. . .. 
- ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~
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Table A7
Sediment Oxygen Demand: Norwalk Site 2 Sediment

(mg /i @ 19°C)

Time Dissolved Oxygen

(mm ) Run 1 Run 2 SD

0 7 . 5  7 . 3  7 .4  0 .1
1 7 .1  7 . 1  7 .1  0 . 0
2 6 . 7  6 . 7  6 . 7  0 . 0

3 6 . 5  6 . 5  6 . 5  0 . 0
14 6 . 3  6 . 3  6 . 3  0.1

5 6 .1  6 . 2  6 . 2  0.1

6 6 . 0  6 .1  6 .1  0 . 0
7 5 . 9  5 . 9  5 . 9  0 . 0

8 5 . 8  5 . 8  5 . 8  0 . 1

9 5 . 6  5 . 7  5 . 7  0 .1

10 5 . 5  5 . 6  5 . 6  0 .1

15 5 . 0  5.1 5 . 0  0 .1

20 4 . 5  4 . 6  4 . 6  0.1

25 11.0  4 . 2  11.1 0 .1

30 3 . 6  3 . 8  3 . 7  0 .1
35 3 . 3  3 .4  3~~14 0 . 1
4 0 3 . 0  3.1 3 . 0  0 .1
45 2 . 6  2 . 8  2 . 7  0 .1

50 2 . 1 1  2 . 5  2 . 4  0 . 1

55 2.1 2.3 2 . 2  0.1
60 1.9 2.1 2.0 0.1

Samp le s ize  — 3 cc .

AiD

- ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.
~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Table A8

Se~J 1~ io: .t  Cx y ~~en Lomand  : Foundry  Cove, New York
20 °C)

? i~~~olve~ C> :ygen —

Run 1 Run  2 Run 3 X

o 7 . 5  7 . 5  7 . 5  7 . 5  0

7 . 3  7 . ?  7 . 2  7 . ?  0 .1

2 t’ . 6  L . 5  6 . 14 6 . 5  0 .1

3 ~ .3  6 . 2  6 . 1  6 . 2  0 . 1

0 6 . 0  5 . 9  5 . 9  5 . 9  0 . 1
5 5 . 8  5 . 8  5. 7 5 . 8  0 .1

8 5 . 8 5 . 7  5 . 5  5 . 7  0 . 2
7 5 . 7 5 . 6  5 . 4  5 . 6  0 . 2

5 . 6  5 • L 5.2 5 . 1 1  0 . 2

9 5 . 5  5 . 3  5.1 5 . 3  0 . 2
LU 5 . 1 4  5 . 3  5 .0  5 . 2  0 . 2

15 5.1  5 . 0  1 1 . 8  5 . 0  0 . 2
1 4 . 8  1 4 . 8  4 . 6  4 . 8  0 . 2

.8 1 1. 7  4 . 7  4 . 5  4 . 7  0 . 2

30 4 . 6  1 1 . 5  4 . 3  4 . 5  0 . ?

3 5 14 .5 4 . 4  4 . 2  4 . ’4 0 . 2

4 . 4  4 . 3  4 . 2  4 . 3  0 . 2

145 14 . 3  4 . 2  4 .1  4 . 2  0 . 2
50 4 . 2  4 . 1  4 . 0  4 . 2  0 . 2

55 4 . 1  4 . 0  4 . 0  4 .1  0 . 2

60 4 .1  3.9 3.9 11.0 0.2

Samp le size - 2 cc.

All

I-
,
.
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Table A9

Sediment Oxygen Demand: Menominee, Michigan, 3ite 1
(mg/ i  @ 21°C)

Time Dissolved Oxygen

Run 1 Run 2 Run 3 SD

0 8 .7  8 .7  8 .8  8 .7  0.1
1 7 . 6  7 . 8  7 . 7  7 . 7  0.1
2 6. 8 7 .1 7 . 0  7 . 0  0 . 2
3 6 . 4  6 . 7  6 . 6  6 . 6  0 . 2
4 6 . 0  6 . 3  6 . 3  6 . 2  0 . 2
5 5. 8 6.1 6.1 6 .0  0 . 2
6 5 .6  5 .9  5 . 9  5 .8  0 .2
7 5 . 4  5 . 7  5 . 8  5 . 6  0 . 2

8 5 . 3  5 . 6  5 .6  5 . 5  0 . 2
9 5.2 5.5 5.5 5 . 4  0 . 2

60 

3 6  3 9  4 0 2

Sample size - 3 c c .

Al 2

- - 
.
~~~~~~~~

, 
~~~~~ ~~~~~
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Table A lO
Sediment Oxygen Demand: Menominee Michigan, Site 2

(mg/ i  @ 20 °C)

Time Dissolved Oxygen
(mm ) Run 1 Run 2 Run 3 SD

0 8 .7  8 .8  8 .7  8 .7  0.1
1 7 . 9  8.1 7 . 8  7 . 9  0 . 2

2 7 . 3  7 . 5  7 . 3  7 .4  0.1

3 6 . 9  7 . 2  7 . 0  7 . 0  0 . 2

4 6 . 7  6 . 9  6 . 8  6 . 8  0.1

5 6 . 4  6 . 8  6 . 7  6 . 6  0 . 2

6 6 . 3  6 . 6  6 . 4  6 .4  0 . 2

7 6.1 6 . 5  6 . 2  6 . 3  0 . 2

8 5 .9  6 . 4  6.1 6.1 0 . 3
9 5 .8  6 .2  5 .9  6 . 0  0 . 2

10 5 . 7  6.1 5 .8  5 . 9  0 . 2
15 5 . 3  5 . 7  5 .4  5 .5  0.2
20 4 . 9  5 . 3  5 . 0  4 . 9  0 . 2

25 4 . 5  5 . 0  ‘4.7 4 . 7  0 . 3

30 4 . 2  4 . 7  4 . 4  4 . 4  0 . 3

35 4 . 0  4 . 5 4 .1 4 . 2  0 . 3
40 3 .7  4 . 3  3.9 4.0 0.3

45 3 . 5  4 . 0  3 .6  3.7 0 . 3

50 3 .3  3 .9  3 . 5  3 .6  0 .3
55 3 .2  3 .7  3.3 3.4 0.3

60 3 .0  3 .6  3 . 2  3 .3  0 .3

Sample size - 3 c c.

Al 3
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Table A ll

Sod i n i o i i  Oxy~~ ii Do rn ,  i t i d

W I l  m i i n ’ t on N oi ’t  Ii C i i ’o1ii i~

~
‘ i ‘tie ~~~~~~~~~ 

.--~~~~~ ~~~~~~~~~~~~~~~~~~ -- ~ --- - —- --—~~~~~~~~~. 

-

(ii i i t )  R u n  l R u i t  .
‘ R u n  3 X SD

0 7 . 3  7 . 3  7 . ?  7 . 3  0 . 1
7 . 0  7 . 2  5 . 8  7 .. 0.2

.‘ 7 . 0  7 . 1  t.7 .0 0.2

3 6.0 7 . 0  5 . 7  6 . 0  0 . 2
I, 6.0 7.0 6.1 6.8 0 . 2

5 s . $  1. 0  5 . 5  8 . 8  0 . 3
6 s.8 6.0 1 . 5  6 . 7  0 . 2

7 6 . 8  ~~..1 6.5 8.7

8 s.7 8.0 6 . 14 8 . 7  0 . 3
0 5 . 7  5 . 8  8 . 4 6 . 8  0 . 2

10 5 . !  6 . 8  6 . 3  8 . 6  0 . 3
15 6.h 8. 7 1 . 2  13.5  0 . 3
20 s . 4  5 .6 8 . 1  6 . 1 4  0 . 3

2 5  5 . 3  8. 5 6 . 0  6 . 3  0 . 3

30 6 . 2 8 . 5 5 . 51 . 2 0 . .4
35 5 . 1  6 . 4  5 . 8  6 . 1 0 . 3
14 0 1’ . 1 8 . .4 5 . 6 1 . 1) 0 . .4
45  s .0  s.3 5. 7 5 . 0  0 . 3

50 5. 51 8. 2 5 . 5  5 . 5 1  0 . 3

55 5 . 8  6 . 2  5 . 6  5 . 9  0 . 3
60 .6  6 . 1  5 . 5  5 . 8  0 . 3

Sample size — 3 cc.

Al 4

LL ~~~~~~~~~~~~ . ~~. — -  
-
~~~

-
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Table Ai2
Sediment Oxygen Demand: ~1ES Lake,

Vicksburg, Mississippi Sediment
(mg/i @ 20°C)

Time Dissolved Oxygen
(mm ) Run 1 Run 2 Run 3 SD

0 9 . 0  9 . 0  9 . 0  9 . 0  0

1 8 .5  8 . 3  6 . 4 8 .4  0.1

2 7 .9  7 . 7  7 . 6  7 . 7  0 .2

3 6 . 4  6.1 6 . 0  6 . 2  0 .2

4 6 . 0  5 . 7  5 . 6  5 . 8  0 . 2

5 5 .6  5. 4 5 .2  5 .4  0 . 2

6 5 .4  5 . 2  5 . 0  5 . 2  0 . 2

7 5 . 2  5 . 0  4 . 9  5 . 0  0 . 2
8 5.1 1 4 . 9  4 . 8  4 . 9  0 . 2

9 5 .0  4 . 8  4 . 7  4 . 8  0 . 2

10 4 . 9  4 . 7  4 . 6  4 . 7  0 . 2
15 4 . 5  4 . 5  4 . 3  4 . 4  0.1
20 4 . 2  4 . 3  4 .1  11.2  0 .1

25 4 .1 4 . 2  4 . 0  4 . 1  0.1

30 4 . 0  4 . 1  3 . 9  4 . 0  0.1
35 3 . 9  4 . 0  3 .8  3 . 9  0 .1

40 3 . 8  4 . 0  3 . 8  3 . 9  0.1
45 3.7 3.9 3.7 3.8 0.1

50 3 . 6  3 . 9  3 . 7  3.7 0.2

55 3 . 5  3.8  3 . 6  3 . 6  0 . 2
60 3.4 3.8 3.6 3.6 0 . 2

Sample size — 2 cc.

Al S



Table A13

Sediment Oxygen Demand: Apalachicqip

Sites 3, 4 and 5 Sediments

Time 
— 

Dissolved Ox~~en (mg/i @ 21°C)
(mm ) Site 3 Site 4 Site 5

0 9.0 9.0 9.0
1 7.6 8.1 7.1
2 6.8 7 .2  6.3
3 6.5 6.3 5.7
4 6.2 5.5 5.3

5 6.0 5 .0  5.0
6 5.9 4.6 4.8
7 5.8 4.2 4.5

, 8 5.7 3.9 4.3
9 5.5 3.6 4.1

10 5 . 4  3 .4  4 . 0
15 5.0 2.4 3.2
20 4.7 1.8 2.8
25 4 .4  1.4 2 . 3
30 4.1 0.9 2.0

Sample size — 5 cc .

A].6
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Table A14

Sediment Oxygen Demand:

Apalachicola Site 3 Sediment

Time Dissolved Oxygen (mg/l @ 20°C)

(mm ) Run 3. Run 2 Run 3 SD

0 7.5 7.4 7.5 7.5 0.1

1 6.4 6.7 6.7 6.6 0.2
2 5.6 5.6 5.7 5.6 0.1

3 5.0 5 .2  5.1 5.1 0.1
‘4 ‘4 .8  5 .0  4.9 4.9 0.1
5 4.5 4.8 4.6 ‘4.6 0.1

6 4 . 3  4 . 6  4 . 4  4 . 4  0 . 2
7 4.2 4.4 4.2 4.3 0.2

8 4.0 4.3 4.1 ‘1.1 0.2

9 11.0 4.2 J.i.0 4.1 0.2

10 3.9 4.0 3.8 3.9 0.1
15 3.4 3.6 3.3 3.4 0.1
20 3.1 3.3 3.1 3.2 0.2
25 2 . 8  3.1 2 . 8  2 . 9  0.1
30 2.6 2.9 2.6 2.7 0.2

35 2.4 2.7 2.11 2.5 0.2
40 2.2 2.5 2.2 2.3 0.2

45 2.1 2.4 2.1 2.2 0.2
50 2.0 2.2 2.0 2.1 0.1.
55 1.9 2.2 1.8 2.0 0.2

60 1.8 2.1 1.7 1.9 0.2

Sample size — .3 cc .

A17

_______ .~~~~ - 
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Table Al 5
Sediment Oxygen Demand:

Apalachicola Site 4 Sediment

Time Dissolved Oxygen (mg/l @ 20°C)

(mm ) Run 1 Run 2 Run 3 x SD

0 7 . 5  7.5 7.5 7.5 0.0

1 6.8 6.9 6.8 6.8 0.1
2 6.3 6.4 6.4 6.4 0.1

3 6. 0 6.1 6.1 6.1 0.1

4 5.8 5.8 5.9 5.8 0.1

5 5 . 5  5 . 5  5 . 5  5 . 5  0 . 0
6 5 . 3  5 . 4  5 .3  5 .3  0.1
7 5 . 3  5 . 3  5 .2  5 . 2  0 . 1
8 5.1 5 . 2  5.1 5.1 0.1
9 5 .0  5 . 0  5 . 0  5 . 0  0 . 0

10 4 .9  4 . 9  5 . 0  4 . 9  0.1
15 4 .4  4 . 5  4 . 6  4 . 5  0.1
20 4 . 0  4 .1  4.2 4.1 0.1
25 3 .6  3 . 8  3 .8  3 . 7  0 . 2
30 3.4 3.5 3.6 3.5 0.1
35 3.0 3.2 3.3 3.2 0.2
40 2 . 9  3.1 3 . 2  3.1 0 . 2
45 2.7 2.9 3.0 2.9 0.2
50 2.6 2.7 2.9 2.7 0.2
55 2 . 4  2 . 6  2 . 8  2 . 6  0 . 2
60 2 . 3  2 . 5  2 . 7  2 . 5  0 . 2

Sample size- 2 cc.

Al 8

LL. . - - —  ---  --- - ---- —~~~~~~~
--- 
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Table Al6

Sediment Oxygen Demand:

Apalachicola Site 5 Sediment

Time 
— 

Dissolved Oxygen (mg/i @ 20°C)
(mm ) 

- _
Run 1 Run 2 Run 3 SD

0 7.3 7.3 7.3 7.3 0.0

1 6.6 6.6 6.5 6.6 0.1

2 5.9 5.8 5.7 5.8 0.1

3 5.4 5.4 5.3 5.4 0.1

4 5.1 5.0 5.0 5.0 0.1
5 ‘1.9 4.9 4.9 4.9 0.0
6 4.8 11.7 4.7 4.7 0.1

7 4.6 4.6 4.6 4.6 0.0

8 4 . 5  4.5 4.4 4.5 0.1

9 4.4 4.4 4 . 3  4.4 0.1

10 4.3 4.3 4.2 4.3 0.1

15 4 . 0  4 .0  3.8 3.9 0.1

20 3.6 3.7 3.6 3.6 0.1

25 3 .4  3 .4  3 . 3  3. L4 0.1

30 3 . 2  3 . 2  3 . 2  3.2 0.0

35 3.1 3 . 0  3 . 0  3 . 0  0.1
40 3 .0  2 . 9  2 . 9  2 . 9  0.1
45 2.8 2.8 2.7 2.8 0.1

50 2.7 2.7 2.6 2.7 0.1
55 2 . 6  2 . 6  2 . 5  2 . 6  0 .1
60 2 . 5  2 . 5  2 . 3  2 . 5  0 .1

Sample size — 3 cc.

Al 9 

~~~~~~~~~~~~~~~~ 
-

- -



l’abl e A1 7

Scdi niciil Oxyge n Demand: Mississippi

R i vet ’ Sediment Test No. 1

(mg/i @ 2 1°C)

____

(i t .  i t )  R u n  11 Ru n  2 R u n  3 X SD

0 8.8 6.6 8.8 8.8 0.0

8 . 5  6 . 8  8 . 5  8 . 6  0 . 0
2 8 . 13 8 . 5  8 . 6  6 . 6  0 . 1

3 8 . 5  8 . 5  8 . 5  8 . 5  0 . 0
14 8 . 5  8 . ’4 6 . 5  8 . 5  0 . 1
5 8.5 $, 14 8 . 5  8 . 5  0 . 1

8 . 5  $ . ‘l 8 . 5  8 . 5  0 . 1

7 8 . 5  8 . 4  ~~~ 14 8 . 4  0 . 1
8 8.5 8 . 3  8 . 4  8 . 4  0 . 1
51 8 . 5  8 . 3  6 . ’4 8 . 4  0 . 1

10 8 . 4  8 . 3  8. 14 8 . 4  0 .1
15 8 .~ 4 8.2 8 .3 8 . 3  0 . 1
2 0  8 . 3  8 . 1  8 . 2  8.2 0.1
2 5  8 . 2  8 . 1  8 . 1  8 . 1  0 .1

8 . 2  8 . 0  8 . 0  8 .1  0 . 1
35 8 . 1  7 • 51 8 . 0  8 . 0  0 . 1

‘40 8.1 7 . 8  7 . 9  7 . 5 1  0 . 1
8.0 7.7 7 .8 7.8 0.2

~0 7~~0 7.7 7 . 7 7 . 8  0 . 1
55 7 . 9  7 .5  7 . 7  7 . 7 0 . 2
60 7 . 8  7 . s  7 . 6  7 . 7  0 . 1

:~~ mp I t ’ i .~e .~ c c.

A20



Table Al8

Sediment Oxygen Demand: Mississippi

River Sediment Test No. 2

(mg/i @ 21°C)

Time Dissolved Oxygen
( m m )  Run I Run 2 Run 3 X SD

0 9 . 0  8 .8  8 . 8  8 . 9  0 .1

1 8 . 8  8 . 7  8 . 7  8. 7 0 .1

2 8 . 7  8 . 6  8 . 6  8 . 6  0 .1

3 8 . 6  8 . 6  8 . 6  8 . 6  0 . 0

4 8 . 6  8 . 6  8 . 6  8 . 6  0 . 0

5 8 . 6  8 . 6  8 . 5  8 . 5  0 .1

6 8 . 5  8 . 5  8 . 5  8 . 5  0 . 0

7 8 . 5  8 . 5  8 . 5  8 . 5  0 . 0

8 8 .4  8 . 5  8 . 4  8 . 4  0 .1

9 8.11 8.4 8 .4  8 .4  0 . 0

10 8 .4  8. 14 8 . 4  8 .4  0 .0

15 8 . 2  8 . 3  8 . 2  8 . 2  0 .1

20 8.1 8.1 8 .1  8.1 0 . 0

2 5 8 . 0  8 . 0  8 . 0  8 . 0  0 . 0

30 7 . 8  7 . 9  7 . 8  7 . 8  0.1
35 7.7 7.8 7.7 7.7 0.1

4 0  7 . 5  7 . 7  7 . 6  7 . 6  0 .1

45 7.5 7.6 7.5 7.5 0.1

50 7 . 4  7 . 4  7 . 14 7 . 4  0 . 0

55 7 . 3  7 . 3  7 . 3  7 . 3  0 . 0

60 7 , 2 7 . 2  7 . 2  7 . 2  0 . 0

Sample s120 3 cc.

A 2 l  
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Table A 19

Sediment  Oxygen Demand: James River  Sediment  No. 1

Time 
______________  

Dissolved Oxygen (mg/1 @ 2 1°C)

(m m ) Run 1 Run 2 Run 3 SD

0 9 . 0  9 .0 9 . 0 9 .0 0 .0

1 7 .5 8 .2 7 . 3 7 .7 0 .5
2 6 .4 7.2 6 .1 6 .6 0 . 6

3 5 .9 6 .7 5 .6 6 .1 0 .6
4 5 . 5 6 . 3  5 .3  5 .7 0 . 5
5 5~~t4 6 .0 5 . 0 5 . 5 0 . 5
6 5 .2 5 .8 4 . 9 5 . 3  0 .5
7 5 .0 5 . 6  4 .8 5.1 0 .4

8 4 . 9 5 .4 4 .6 5 .0 0 . 4
9 4 .8 5 .3 4 . 5  4 .9 0 . 14

10 4 .6 5 . 2  4 . 4 4 . 7  0 . 14

15 4 .3 4 .9 4 .0 4 . 4  0 . 5
20 4.0 4 .6 3 . 7  4 .1 0. 5
25 3.7 4 .4 3 . 4 3 . 8  0 . 5
30 3 .6 4 . 2  3 . 2 3 . 7  0 . 5
35 3 . 4 4 .0 3 . 0 3 . 5 0 . 5
40 3.2 3. 9 2 . 8  3 . 3  0 .6
45 3. 0 3.8 2 .6 3.1 0.6

50 2 .8 3 . 7  2 .5 3 . 0  0 . 6
55 2 .7 3.6 2.11 2 . 9  0 . 6
60 2 . 6  3. 4 2 . 3  2 .8 0 . 6

Sample size — 3 cc.

A22
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Table A20

Sediment Oxygen Demand: James River Sediment No.2

Time Dissolved Oxygen (mg/1 @ 21°C)

(mi ri) Run 1 Run 2 Run 3 SD

0 8 .8  8 . 8  8 . 8  8 .8 0 . 0
1 7 .0 6 .8 7 . 0  6 . 9 0 .1
2 5 . 8  5 . 7  5.8 5 .8 0 .1
3 5 . 1 5 .2 5 . 2 5 .2 0 .1
11 4 .8 4.9 4.9 4.9 0.1

5 14 .5 4 .7  11 .6 4 . 6  0 .1
6 4 . 2 4 . 5 4 . 4 4 .4  0 . 2
7 4 . 0 4 . 4 4 . 3 4 .2  0 . 2
8 3 . 9  4 .2  4 .1 4 .1 0 . 2
51 3.8 4.1 4 .0 11 .0 0 .2

10 3• 7 4 .0 3. 9 3 . 9 0 .2
15 3 . 2 3 .6 3 . 4 3 . 4 0 . 2
20  2 . 9  3 . 2  3 .1 3 .1 0 .2
25 2 . 13 3 .0 2 .8 2 .8 0 . 2
30 2 . 3  2 .7 2 . 5  2 .5 0 .2
35 2 . 1 2 .5 2 .3  2 .3 0 . 2
14Q 1. 9 2 .3  2 . 2 2 . 1  0 . 2
145 1. 7 2 .2 1 . 9 1.9 0 . 3
50 1.s 2 .0 1. 8 1.8 0 . 2
55 1.. 4 1.8 1. 6 1.6 0 . 2
80 1 .3  1. 7 1. 4 1. 5 0 . 3

Sample si~~ — 3 cc.



Table A2l

Sediment Sxvy,t’n Demand : E ai l ey  Creek Sed imen t

Time 
____  

_~~~~~~~~~~~~~D i ss olv e d  Oxy g en  (m~ /1 @ 21°C)
( r a i n )  P u n  1 Run  2 Run  3 SD

0 $ .~ -‘ 8 . 8 8 . 8  8 . 8  0 .0

1 8 . , 8 . 3  8 . 3  8 . 3  0 .1

8. 1 8. 2 8 . 2 0 .1

3 5 .1 8 . 0  8. 0 8 . 0 0 .1

5 . 0 7 .8 7 .8 7 .9 0 .1

5 ‘
. 7 . 7 7 .6 7 . 7  0 . 2

13 ‘ . 8 7 .6 7 . 5  7 . 6 0 . 2
7 7

• 7 7~~5 7 .4 7.5 0 . 2
S 7 .~’ 7 .4 7 . 3 7 .4 0 . 2

51 7 .5 7 .3 7 . 2 7 . 3  0 . 2

10 7 .5 7 . 2 7.1 7 . 3 0 . 2

15 7 . 1 13 .6  6 .8 6 . 9 0~. 2
2 0  6 . 8 s . 5 6 . 4  6 .8 C’ .2

25  6 . 5 6 . 2 6 .1  6 . 3  0 .2
30 6 .3 5 .0 5 .9 6.1 0 .2
35 6 .0 5 .8  5 . 7 5 . 8  0 . 2
40 5 .8 5 .6 5 . 5  5 . 6 0 . 2
45 5 .6 5 .3 5 .4 5.4 0 .2
50 5 .4 5.1 5 .2 5.2 0.2

55 5.2 4 .9 5 . 0  5 . 0  0 . 2
60 5 . 0 4.7 4 .8 4 .8 0 .2

Sample size — 3 cc.

A24
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Table A 2 2

Sediment Oxygen Demand: Galveston Bay

Entrance Channel Buoy 1 Sediment

Time Dissolved Oxygen (mg/i @ 20 °C)

(m m ) Run 1 Run 2 Run 3 SD

0 8.1 8.4 8.3 8.3 0 . 2

1 7 . 5  7 . 6  7 . 7  7 . 6  0 . 1

2 6 . 8  6 . 8  6 . 9  6 . 8  0 .1

3 6 . 3  6 . 3  6 . 3  6 . 3  0 .0

4 5 . 9  5 . 8  5 . 9  5 . 9  0.1
5 5 . 7  5 . 6  5 . 6  5 .6  0 .1

6 5 . 4  5 . 3  5 . 3  5 . 3  0.1
7 5 . 2  5 .1  5.1 5 .1  0 . 1
8 4 . 9  4 . 9  4 . 9  4 . 9  0 . 0
9 4 . 8  4 . 7  4 . 7  4 . 7  0 . 1

10 4 . 7  4 . 6  4 . 5  4 . 6  0 .1

15 4 . 0  4 . 1  4 . 0  4 . 0  0 .1

20 3 . 6  3 . 6  3 . 6  3 . 6  0 . 0

25 3 . 3  3 . 2  3. 2 3 . 2  0 .1
30 3 . 0  3 . 0  3 . 0  3 . 0  0 .1
35 2.8 2.7 2.7 2 . 7  0.1
i i Q  2 . 5  2 . 5 2 . 6  2 . 5  0 .1

45 2.3 2.3 2.4 2.3 0.1

50 2 . 2  2 . 2  2 . 3  2 . 2  0 .1

55 2 . 1  2 . 0  2 . 2  2 . 1  0.1

60 2 .0 1 .9  2 .1  2 . 0  0 .1

Sample s ize  - 5 cc.

A25
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Tab le  A 2 3

2er~~ent  Settleable Solids: flaiveston Hopper Drcd g€ Samples~~

Dredging
Location and Time Sample Percent
Date (1975) (Sr:min) Source~ Settleable Solids

August 25:

Run 1 (Buoys 9— 11) 12:55 D 7 .5
13:00 D 10
13:05 D 22
13:10 D 8
13:20 D 10
13:35 D 5
13:50 D 5
13:55 S 5

Run 2 (Buoys 7A-11) 14:45 D 1.
14:50 D 9
1 1 4 : 5 5  D 5 4,’
1 5 : 0 0  0 13
15:05 0 10
15:10 D 13

Augus t 28:

Run 1 (Buoys 6— 8) 12:08 D 89
(Galv . Dump No . 2) 12:18 D 15

12:28 D
12:38 5 1
12 :4 8 S 5

Run 2 (Buoys 6— 8) 13:15 D 89
(Galv . Dump No. 3) 13:25 D 6

13:35 D 13
13:45 D 3
14 :05 S 3
14 :25 5 15

August 29:

Run 1 (Buoys 4—8) 10:06 0 35
10:16 D 9
10:36 S 7
1 0 :4 6  S 6
10:56 S 11
11:06 S 15

( C o nt i n u e d)

A2 6
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Table A23 (Concluded)

Dredging Time Sample Percent
Location and (hr:min) Source* Settleable Solids
Date (1975)

August 29:

Run 2 (Buoys 1—3) 12:03 D 100
(Galv.  Dump No. 4)  12:13 D 97

12:23 D 36
12:33 S 10
12:53 S

Run 3 (Buoys 1-3)
(Galv. Dump No. 5) 13:30 D 88

13:40 D 54
13:55 D 53
14:05 S 39
114:15 S 45

*Sample source: D Dredging pump discharge , S Supernatant.

~*Sample source and percent settleable solids data in this
table correspond to hopper samples concentrations data in other
Galveston Hopper Dredge tables , and are not repeated in those
tables .

A27
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Table A.’ 14

Sediment Oxygen Demand: Texas City Channel Site 1

Time Dissolved Ox\’~’,.I1 (mg/1@20°C)

(mm ) Run 1 Run 2 Run 3 SD

0 8.7 8.7 8.8 8.7 0.1

1 8.4 8.2 8.5 8.4 0.2

2 7.7 7.6 7. 9 7.7 0.7

3 7.4 7.0 7 .5 7. 3 0.3

4 7.0 6.6 7.1 6.9 0.3

5 6.8 6.2 6.8 6.6 0.3

6 6.4 5 . 8  6.4 6.2 0.3

7 6.2 5.6 6.1 6.0 0.3

8 5.9 5. 2 5.8 5.6 0.4

9 5.7 5.0 5.6 5.4 0.4

10 5.5 4.8 5.4 5.3 0.3

15 4.5 3.7 4 .3 4.2 0.4

20 3.7 2. 9 3.5 3 . 4  0.4

25 3.1 2.2 2.8 2.7 0.5

30 2 .5 1.6 2.2 2.1 0.5

35 2.1 1.2 1.7 1.7 0.4

40 1.6 0.8 1.4 1.3 0.4

45 1. 3 0.5 1.0 0.9 0.4

50 1.0 0 . 3  0 . 8  0 . 7  0 . 3
55 0.7 0.2 0.5 0.5 0.2

60 0.5 0.1 0.3 0.3 0.3

Sample size — 5 cc.

i\2 8 
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Table A25

S~~. t i n e n t  Oxygen Demand: Texas City Channel

Site 2

Time Dissolved Oxygen (mg/1@20°c)
( m m ) Run 1 Run 2 Run 3 SD

0 8.6 8.5 8.5 8.5 0.1

1 7.9 7.6 7.9 7. 8 0.2

2 7.5 7.1 7.4 7.3 0.2

3 7.1 6.7 6.8 6.9 0.2

4 6.8 6.3 6.5 6.5 0.2

5 6.5 6.0 6.1 6.2 0.3

6 6.2 5.8 5.8 5 . 9  0.2

7 6.0 5.6 5.5 5.7 0.3

8 5.8 5.3 5.2 5.4 0.3

9 5.6 5.1 5.0 5.2 0.3

10 5 .4  4 . 9  4 . 8  5 . 0  0 . 3
15 4 . 6  4 . 0  3 . 9  . 4 . 2  0 .4

2 0 3.8 3.4 2.8 3.3 0.5

25 3.3 2.9 2.5 2.9 0.4

30 2 . 8  2 . 3  2 . 0  2 . 4  0 .4
35 2.3 1.9 1.6 1.9 0.4

40 2 . 0  1.6 1.2 1.6 0 .4
45 1.6 1.2 0.9 1.2 0.4

50 1.3 0.9 0.6 0.9 0.4

55 1.0 0.7 0.4 0.7 0.3

60 0.8 0.5 0.3 0.5 0.2

Sample size — 5 cc.

A29
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‘1’.tb.1~’ A .’ t’

~ e~I_inient Oxy~ t ’n 1)emand : Texa ;~ t ’ i t v  Ch.uui1 .
~

~i t t ~~ ‘4

1’ iint’ 1 i ::~~~ I vt~d Ox vgei ( ing / I ~I 2 1 ‘‘C )
( m i i i ~ ~~~~~~ 

_

~~~~~~~~~~~

_

S 4

___ __ _

~~

__ _ _ _ _ _ _ _ __  

~~ —

(1 1.4 • 1. ’e 7 .5 7 1 $  0 . 1

1 6 . 5 1  s . 8  7..’ 7.0 0.2

.‘ . 4 5 . . S . 5 1) . I

3 ts .0 1 3 . !  6.1 5 .1 11 .1

‘4 5.0 5.8 5 .51 5 .8 0.

S 5 . 1 .  s . ; 5 . t ;  5 . t. 0 . 1

5 5. 1$ 5.5 5~~~~~1$ 1$ 1) . 1

~1 5..’ 5. 3 5 . 2 5 . 2 0 . 1

6 5. I S ..’ .~. . 0 5 . 1 ~~ I

51 5 .11 .0  4 .5 1  5 . 0  0 . 1

Ii) 4.51 4 .51 4 . i4  11 . 5 1  ~~
15 4 ,  4 4 . 1 1  4 . 4 .  .4 0 . 2

I.) 3 . 8 4 . 11 .4 . t ’  4 . 0 ~1 . . 4

25  . 1 . 3 .4 . 3 . 2 3 1$ 0 .
.~i1 3 .1) 3 ..’ .‘ .0 3 .11 4 1~

35 2.5 .‘ .9 2.4 2.t 0. . 4

II I) 2 . . 4 .‘ . t s  .‘ . I .‘ . , 1 ii . . 1

I i ’ , 2.1 1  2 . . 4 1. 0 .‘ .0 ii .

50 2. 1 1. 5 1. 0 11 .3

55 I . 5 1 . ‘~ I . 14 1 . 1 0

t o  1 .4 1 .13 1 . 1  l . I t 0 . 14

~ .~~~t t 1 1 ’  IC ’ I .. ( ‘ — .‘ ~~~~~

0

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~~~~~~~. 
~~~~~~~~~~~~~~~~~ _ _ _ _ _ __ _
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T ib le  A27

Sediment  Oxygen  Demand: Texas C i t y  C han n e l

Si te  5

Dissolved Oxygen (mg/10210C)

(mm ) Run 1 Run 2 Run 3 SD

0 7.6 7.4 7.5 7.5 0.1

1 6.8 6.8 7.0 6.9 0.1

2 6.1 6.3 6.5 6.3 0.2

3 5.8 6.0 6.1 6.0 0.2

14 5.5 5.7 6.0 5.7 0.3

5 5.2 5.5 5.7 5.5 0.3

6 5.1 5.3 5.6 5.3 0.3
4,’

7 5.0 5 .1  5.5 5.2 0.3

8 4 .8 5 . 0  5~~14 5.1 0.3

9 4.7 4.9 5.3 5.0 0.3

10 4.6 4.8 5.2 4.9 0.3

15 4.2 4.11 5.0 4.4 0.3

20 4.0 4.0 4.7 4.2 0.4

25 3.7 3.8 4.5 4.0 0.4

30 3 . 5  3 . 6  4 . 3  3 . 8  0 . 1 1
35 3.3 3.5 11.1 3.6 0 . 4
40 3.2 3.3 4 . 0  3.5 0.14

4 5 3 .0  3.1 3 . 9  3.3 0.5

50 2.9 3.0 3.8 3.2 0.5

55 2.7 3.0 3.7 3.1 0.5

60 2.6 2.9 3.6 3.0 0.5

Sample size — 3 cc.

A31



‘1’~1b 1 ’  A .’o3

Se~t inlt’ I 4  t Oxv ~~en D emand:  Texa ;~ (‘1 tv  ( ‘li~t m t i t t ’  I

S i t e  S

Ti me P i c 1 Vt ’ I L~ xy ~‘e 11 (mg / 1 0 - ‘ 1 C)

i n  ) Run I Run 2 Run 3 ~ 151

0 8.0 7~~14 7.4 7 . 1 3  0 . 3
1 7 . 2  5.3 s.9 5 .8 0.5

2 13 .7 5.8 5.5 5.3 0.5

3 6 . 2  ‘,~~~14 5 . 2  5 . 5 1  0 . 5

14 5.9 5.1 5.8 5.s 0.4

5 5.7 4.9 5.7 5 4  0.5

13 5 .5  L 4 ~~~7 5.5 5 . 3  0 . 5
7 5.4 4.5 5.2 .0 0.5

8 5.2 4.4 5.1 4.51 0.4

51 5.1 4.2 4.51 4.7 0.5

5 . 0  4 1  4.8 4 4 1 3  0 . 5

iS 4• ’ 3 .5  4~~3 4 0  0.4

2 0  3 .6 3 . 1  3 .51 3 .5 0.4

25 3 . 2  2 . 7  3 .6  3 . .’ 0 . 4
30 2 .51 2 . 3  3 . 2  2 . 8  0 .5
35 2.5 2 . 1  3 . 0  2 . 5  0 . 4
140 2 . 3  1.8 2 . 8  2 . 3 0 . 5
45 2 . 0  1.6 2 . 5  2 . 0  0 . 4
50 1.7 1.4 2 . 3  1.8 0 . 5
55 1.5 1. 3  2.1 1.6 0 .4

60 1.4 1.1 2.0 1.5 0.5

Sample ~;i .~e — 3 cc. 

~~~~~~~~~ 
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Table A29

Sediment Oxygen Demand: Galveston Channel Sediment

Dissolved Oxygej~ (m g/ i  @ 20°C)
Time Run l (5cc) ~~un ~~( 3 c c)  Run 3 (2 cc)
(mm )

0 8.6 8.5 8.6

1 8.0 7.7 8.1

2 6.2 7.1 7.6

3 5.6 6.8 7~~ 14

4 5.2 5.5 7.1

5 4.9 6.2 6.9

6 4 . 5  6 . 0  6.8

7 4.3 5.9 6.7

8 4.0 5.8 1 3 . 6
9 3.8 5.6 5.5

10 3.6 5.5 6.4

15 2.7 11 .9

20 2 . 1  4.5 5.7

25 .1.4 4.1 5.5

30 1.0 3 . 8  5 . 2
35 3.5 5.0

4 0 3 . 3  4 . 5 1
45 3.1 4.7

50 2 . 9  1 4 . 1 3

55 2 . 8  4 . 5
50 2 . 6  4~~ 44

A 33
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Table :\ L)

Sediment Oxygen Demand: Houston Ship Channel

Site 1 Sediment

Time Dissolved Oxygen (mg/l @ 20°C)
(mm ) Run 1 Run 2 Run 3 Run 4 SD

0 7.3 7.2 7 .2 7.3 7 . 2  0 .1
1 7 .2 6.9 6.51 7 .3 7.0 0.2

2 6.8 6. 5 6.5 6.8 6.5 0.2

3 6.7 6.3 6.3 6.5 6.4 0.2

4 6.5 6.1 6.2 6.4 13 .3 0.2

5 6.4 6.0 6.1 6.2 6.2 0.2

6 6.4 5.9 6.0 6 .1  6.1 0.2

7 6.3 5.8 5.9 6.0 6.0 0.2

8 6 . 2  5 .7  5.8 5.9 5.9 0.2

9 6.2 5.6 5.7 5.8 5.8 0.3

10 6.1 5.6 5.7 5.8 5.8 0.2

15 5.8 5.2 5.3 5.4 5.4 0.3

20 5.5 5.0 5.0 5.1 5.2 0.2

25 5.2 4.7 4.6 4.9 4.8 0.3

30 5.0 4~~t4 4 . 3 4.6 4.6 0.3

35 4.7 4.2 4.0 4.3 4.3 0.3

40 14.5 4.0 3.8 4.1 4.1 0.3

45 4.3 3.8 3.6 3.9 3.9 0.3

50 4.1 3.6 3.4 3.7 3.7 0.3

55 3 .9  3 . 4  3 . 2  3 . 5  3 . 5  0 . 3
60 3.7 3.2 3.0 3.3 3.2 0.3

Sample :;iz e — 2 cc.

A 34
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Table A 31

Sediment Oxygen Demand: Hou6ton Ship Channel
Site 2 Sediment

Time Dissolved Oxygen (mg/i @ 20°C)

(mm ) Run 1 Run 2 Run 3 SD

0 7.4 7.4 7.11 7 .4 0.0

1 7.1 6.9 7.0 7 .0 0.1

2 6.8 6.6 6.7 6.7 0.1

3 6.6 6.4 6.5 6.5 0.1
LI. 6.4 6.2 6.3 6.3 0.1

5 6.3 6.1 6.2 6.2 0.1

6 6.2 6.0 6.1 6.1 0.1

7 6.1 5.9 6.0 6.0 0.1

8 6.0 5.8 5.9 5.9 0.1

9 6.0 5.8 5.8 5.9 0.1

10 5.9 5.7 5.8 5.8 0.1

15 5.6 5.4 5.11 5.5 0.1

20 5.3 5.1 5.0 5.1 0.2

25 5.0 ‘4.9 11.7 4.9 0.2

30 11.9 4.7 4.5 4.7 0.2

35 11.6 ‘1.4 4.2 4 • 14 0.2

40 L 1. 11 4.2 4.0 4.2 0.2

Le5 ‘1.2 ‘4.0 3.7 11.0 0.2

50 11 .0 3.9 3.5 3.8 0.3

3.9  3.7 3. 3 3 .6  0 .3

60 3.7 3.5 3.1 3.14 0.3

Samp le size — 2 cc.

A35



Table .\ $ .
‘

Sediment Oxygen Demand: Houst on Ship Channe l

Si t e  3 ~e¼Iiment

Time Disso lved  Oxy gen (m ~~/ l  @ 20°C) 
- -

(m m ) Run 1 Run .‘ Run 3 SD

0 7 .2 7 . 2  7 .2  7 .2  0 . 0
1. 6 . 3  6.7 5.4 5 .5 0 . . ’
2 5. 7 5 . 5 1  5 .8  5 . 8  0. 1
3 5.3 5.5 5 1 4  5.4 0 .1
4 5 . 1  5.3 5.1 5 . 2  0 .1
5 5 . 0  5.1 4 . 9  5 . 0  0 . 1
6 4 . 6  4 .51 4.7 4.8 0 .1
7 ‘4 .7 4.8 4.6 4~~7 0.1

8 4.5 ‘4.6 4.5 4 .5  0 .1
9 4 . 4 4 . 5 4 . 3  4 .4  0 .1

10 4 . 3  4 • 4 4 . 2 4 .3  0 .1
15 3 . 9  4.0 3 . 8  3 . 9  0.1

20 3.5 3.6 3 .4 3.5 0.1

15 3.3 3.3 3.1 3.2 0.1

30 3.1 3.1 2.9 3 . 0  0.1
35 2.8 2.8 2. 7 2 . 8  0 .1
40 2.6 2 .6 2.5 2 .6 0.1

‘45 1.4 2 . 4  2.3 2.4 0.1

50 2 . 3  2.3 2 . 2  2 . 3  0.1

55 ~ ‘ 1 ‘ 0 1 0 1

60 2 .0 2 .0  1.9 2 . 0  0.1

~.irnpI. t’ .~e — .~ cc



Table A33

Sediment Oxygen Demand: Port Lavaca Sediment Sample

Time —____ Dissolved Oxyg~n 
—

(Mm ) Run 1 Run 2 Run 3 X SD

0 7 . 6  7 . 5  7 . 5  7 . 5  0.1

6.9 6.7 6.6 6.7 0.2

2 6.5 6.1 6.0 6.2 0.3

.3 6 . 2  5 . 8  5.7 5.9 0.3

-, 5. 51 5.5 5.5 5.6 0.2

5 5 .5 5.14 5.3 5.5 0.3

6 5 . t 3  5.3 5.2 5 .4  0 . 2
7 5.5 5.1 5.1 5.2 0.2

5 i . 14 5.0 5.0 5.1 0.2

9 5.3 4.9 4 . 5 1  5.0 0.2

10 5.2 4 . 9  14.8 5.0 0.3

.25 5.0 4.5 4.4 4.6 0.3

23 4.7 4• 7 4 .1 4 . 3  0 . 3
25 4 • 1~ 14 .0 3.9 4.1 0.3

30 4.3 3.8 3 . 7  3.9 0.3

. 3 . 7  3 . s  3 . 8  0.3
1,0 4.0 3. 13 3.5 3.7 0.3
145 3.9 3.4 3 . 3  3.5 0 . 3
50 3.8 3.3 3 .2 3.4 0.3

3.7 3.3 . 3 . 2  3.4 0.3

60 3.6 3 .2 3.1 3.3 0.3

Sar~p 1e size - S cc.
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7.13 
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15 
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7.5 
7 . 13 

7 . 7 
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20 
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7 . 5 
7 . 7 

7.7

:5 
7 . 7 7 . 14 

7. 7 
7.13 

0.2

30 
7 . 7 

7 . 3 
7.13 

7 . 5

7 . 7 
7 . 3 

7 . 13 
7 . 5 

0 . 2

7.13 
7. 2 

7.6 
7 . 5 
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145 
7 . 13 

7 . . ’ 
7 . 13 

7 . 5

50 
7 . 13 

7 . 2 
7 . 5  

7 . 4 0 . 2

55 
1 .6 

7 . 1 
7 . 5 

7 . 4 o. 3

130 
7 . 5  

7 . ~~ 
7 . 4 

7 . 3 
0 . 2
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Table A 35

Sediment Oxygen Demand: Duwamish River Site 2 Sediment

Time Dissolved Oxygen

(mm ) Run 1 Run 2 Run 3 X SD

0 8.0 8.0 8.0 8.0 0.0

1 7.3 7.2 7.2 7.2 0.1

2 6.4 6.4 6.4 6.14 0.0

3 5. 9 5 . 9  5.9 5.9 0.0

14 5 . 6  5 . 7  5 . 7  5 . 7  0.1

5 5.4 5.5 5.5 5.5 0.1

6 5.2 5.3 5.3 5.3 0.1

7 5 . 0  5 . 2  5 . 2  5.1 0.1

8 5 . 0  5 . 0  5.1 5.0 0.1

9 14.8 5.0 5.0 14 .9 0.1

10 4.7 4.9 4.9 4.8 0.1

15 4.2 4.5 4.5 4.4 0.2

20 3.9 4.2 4.2 4.1 0.2

25 3.6 4.0 4.0 3.9 0.2

30 3.4 3.8 3.8 3.7 0.2

35 3.2 3.6 3.6 3.5 0.2

40 3.1 3.4 3.4 3.3 0.2

45 3 . 9  3.3 3.3 3.2 0 . 2

50 2.7 3.2 3.2 3.0 0.3

55 2.6 3.0 3.1 2 . 9  0 . 3

60 2 . 5  2 . 9  3 . 0  2 . 8  0 . 3

Sample size — 5 cc.

A39

~~~~~~~~ -—~~~~ --~~~~-- .~~~~~~~~~--—- ‘-- . -. - .- - ,- - - - - .  -~~~~~~ --_



_____________ - S.—-- ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~

Table A36

Sediment Oxygen Demand: Duwamish River Site 3 Sediment

Time Dissolved Oxygen
(mm ) Run 1 Run 2 Run 3 X SD

0 8 . 0  8 .0  8 . 0  8 . 0  0 .0
1 7.2 7.2 7.0 7.1 0.1

2 6.1 6.14 6.1 6.2 0.2

3 5.7 6.0 5.8 5.8 0.2

4 5.3 5.8 5.5 5.5 0.3

5 5.1 5.5 5.2 5.3 0.2

6 4 . 9  5 .4  5.1 5.1 0 . 3
7 4.7 5.2 4.9 4 . 9  0.3

8 4 . 5  5.1 4 . 8  4 . 8  0 . 3
9 4.11 5.0 4 . 6  4 . 7  0 . 3
10 4.3 4.9 4.5 4.6 0.3

15 3.8 4 . 5  4 . 0  14 .1 0 . ’4
20 3.4 4.1 3.7 3.7 0.4

25 3.2 3.9 3.4 3.5 0.’-’ 2

30 2.9 3.7 3.2 3.3 0.4

35 2.7 3.5 3.0 3.1 0.4

40 2.5 3.3 2.8 2.9 0.4

45 2. 3 3.2 2.6 2.7 0.5

50 2.2 3.0 2.5 2.6 0.4

55 2.0 2.9 2.3 2.4 0.5

60 1.9 2.7 2.2 2.3 0.4

Sample size - 3 c c .

A11 0
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S~~d I m~’n t  Ci x \’~’, en flt ’mat id

I~e i’ t li Ami ’ . ‘y C lni I l f l t ’ I Sed I me i i

l~ ime 
- — 

Di~~~~ 1v~~d Cx v ,~t i ,  (m ~~/ J  0
(ml ,, ) R u n  Run  2 Run  3

0 7 .14 7~~4 . 14 7 . 4 51 .0

1 7 . 51 7 . 1  7 . 1  ~7 .. ’ 0 . 1

-
‘ . 13 . 14 . 13 13 . 51

13 1 4 .  ~. 1 1 4 . ’ 14 0.  .4

F 

14 .14 14 .0 5 . . ’ 14 . 2  1 . 3 
4,

14 1 ‘ .l 0 .

14 4~~13 4 . 3 4 .~ 1 4 •~~~ ,

20 4. 51 4 .0  14 .0  0 . 3

2 5  3 . 5 1  $ . t 3 .~ 0 . 3

70 3 . 13 3 .1 .~.2 3 .  0 . 51

5114 4 . 2 2 . 7 2 .~ 2 . 51 0. 51

40 . 4 . 1) 2 . 4 2 . 1 3  2 .  0 . 5 1

14 ’ , -
‘ . 2 . . ’ .‘ . .1 2 . 4 Li . .4

2 SI )  .‘ .4 .‘ . l )  2 .  1 2 . . ’ 0 . . ’
1414 2 . 2  1 . 8  1. ’) .‘ . 13 ~) . ~‘

t~ 0 -‘ . I 1 . 13 1 . I . 13 13 . 3
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I’~ e 1 1

4 4
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. 4 4 4 —
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. 51 —
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Table A 39

Sediment  OXy~~t ’1i De mand:
Bay R idge Channe l S e d i m e n t

Time Dissolved Oxygen (mg/I @ 2 2 ° C )
(mm ) Run Run 2 Run 3 SI)

0 7 . 4 7 . 4  7 . 4 7.14 0.1

1 7.0 7 .0 6 . 9  7 .0 0.1

2 1. 7  1 .8  1 3 . 1 3  6 . 7 0 . 1
3 6.13 6.6 13 .4 13. 5 0 .1

4 6.4 6.4 6.3 13. 4 0.1

5 6 . 3  6 . 3  13 . 1  6 . 2  0.1

6 6 . 2  6.2 13 .0 13.1 0.1

7 6.1 6.1 5 .51 6.0 0 .1

8 13 .0 6.0 5. 8 5 . 9  0 . 1

9 5.9 5.9 5.7 5 .13 0.1

10 5 .8  5 .8  5. 7 5 .8  0 .1
15 5 . 4  5 . 4  5.2 5.3 0.1

20 5.1 5 . 0  4 . 9  5 . 0  0 . 1
2 5 4 . 8  4 .

., 4.5 4 . 7 0 . 2
30 4.5 4.4 4.2 4 . 4 0 .2

35 4.2 4.1 4.0 4.1 0.1

40 4.0 3.9 3.7 3.9 0.2

45 3.7 3.6 3.4 3.6 0 .2

50 3 . 5  3 . 4  3 . 2  3 . 4  0 . 2
55 3.3 3.2 3.0 3.2 0.2

60 3.1 3.0 2.9 3.0 0.1

Sample size — 2 cc.

A43
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Table A 4 0

Sed iment  Oxygen  Pemand : Not ’ I le 1~ iy , Ai ~d’wnu , 1 i  t e 1

Time Dissolved Oxygen (mg /i ) 
-

(mm ) Run 1 Run 2 Run 3 Sl~
0 7 .11 7 . 4  P7 .4 7 . 4  0.0

1 6 . 5  6 . 3  1 3 . 3  0.1

2 5.~1 5.14 5 . t ’  5 . b  0 . 1
3 5 .2  5.0 5.1 5.1 0.1

4 14~~9 4.7 4.8 4.8 0.1

5 4 . 4 3  4 . 4  4 .14 4 . 1 4  0.1

13 4 . 5  14.1  4 . 3 1 4 3  0 . 2

7 4 . 3  4 . 0  4 . 1  4 . 1  0 . 2

8 4.1 3.8 4 . 0  4 . 0  0 . 2

9 4 . 0  3 . 1 3  3 . 1 3  3 . 1 3  0 . 2
10 3.9 3.5 3~ 7 3. 7 0.2

15 3.4 3 . 0  3 . 2  3 . 2  0..’

20 3 . 0  2 . 6  2 . 8  2 . 1 3  0.2

25 .1.7 2.2 2 . 5  2 . 1 4  0 . 3

30 2 . 5 2 . 0  2 . 2  2 . 2  0.3

35 2.2 1.7 2.0 2.0 0.3

40 2.1 1.5 1.7 1.8 0.3

45 1.9 1.14 1.5 1.13 0. 3

50 1.8 1.1 1.3 1. 4 0. 4

55 1.6 1.0 1.2 1 .3 0.3

60 1.5 0.8 1.1 1.1 0.4

Sample size - 3 cc.

A 44
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Table Mi

Sediment Oxygen Demand: Mobile Bay, Alabama, Site 2

Time Dissolved Oxygen (mg/i)
(mm ) Run 1 Run 2 Run 3 SD

0 7. 4 7 .4 7.4 7.4 0.0

1 7.0 6.5 6.8 6.8 0.3

2 6.0 5.8 6.0 5.9 0.1

3 5.5 5.4 5.5 5.5 0.1

4 5 .2  5 .2  5.2 5.2 0.0
5 5.0 5.0 5.0 5.0 0.0

6 4 . 8  4 . 9  4 . 9  4 . 9  0.1

7 4 . 7  4 . 8  11.7 ‘4 .7  0.1

8 4 . 5  4 . 6  4 . 6  4 . 6  0.1

9 4.4 4 . 5  4.5 4.5 0.1

10 4 . 3  4 . 4  4 . 4  4 . 11  0.1

15 4 . 0  4.0 4 . 0  4.0 0.0

20 3 . 6  3 . 8  3.7 3.7 0.1

25 3.3 3.5 3.11 3.4 0.1

30 3 . 2  3 . 3  3 . 2  3 . 2  0.1

35 3 . 0  3 . 2  3.0 3.1 0.1

40 2.8 3 .0  2 .9  2 .9  0.1
45 2.6 2.8 2.7 2.7 0.1

50 2 . 5  2 . 6  2 . 5  2 . 5  0.1
55 2.3 2.5 2 .4  2.4 0.1

60 2.2 2.4 2.3 2.3 0.1

Sample size — 3 cc.
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