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GBEC Disposal Operations &

fAﬂszEjEETégwmeﬁiYOPEd the results of seven dii?%ﬁ%%
operations involving sediment dredged from the GBEg;‘“This
section summarizes the results from the four operations for
which there are sufficient data for comparison with elutriate
test result data. A complete description of the experimental
procedures, dump nomenclature,and results are presented in
Eee\g;rgi.3l 2 pepeit by Lew and OMMe3( AR

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 arising 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
decreased percent transmission of the water. The proximity of
the sampling vessel to the point of discharge enabled a compar-
ison of the turbidity and the release of any contaminants for
each dump 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.0O., pH, and salinity measurements were made with
submersible transducers. Generally the transducers were
maintained at a fixed 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 1l4:30 on August 28, 1975. The surface turbid plume arrived
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at the sampling ship at 1l4:34 and passed at 1l4:36. Approxi-
mately 1300 cubic yards of material dredged between Buoys 6
and 8 were disposed of during the dump. The sampling boat
was located about 200 meters from the dump site. The surtface
current was 77 cm/sec. Near the bottom it was on the order

of 21 cm/sec.

Optical properties. Figure 86 shows the percent

transmission at 2, 9, and 16 meters following Galveston Dump
No. 3. The presence of suspended material at these depths

was first observed 4.5, 6.5, and 4.0 minutes, respectively,
tollowing the disposal. As shown in Figure 86, the greatest
turbidity was found at the bottom depth, where turbid con-
ditons persisted for 16 minutes.

Dissolved oxygen. Dissolved oxygen data for Galves-

ton Dump No. 3 (Figure 87) show that at 15 meters there
was an increase in D.0., approximately 0.5 mg/l, just after
the dump occurred. After the surface plume arrived, a D.O.
decrease of 1 mg/l from the baseline was observed. Ten min-
utes after disposal, the concentration of D.0. returned to
the pre-disposal levels.

Heavy metals. Table 268 presents the water column

concentrations of heavy metals monitored for Galveston Dump
No. 3. Soluble manganese and lead concentrations at 1, 9, and
18 meters increased with time after the dump occurred and re-
mained elevated after the plume passed. dinc, iron, and
nickel concentrations increased during plume passage but de-
creased afterwards to pre-disposal levels. There were no
changes in chromium, cadmium, copper, mercury, or arsenic as
a result of this disposal operation.

Nitrogen compounds. Although the ammonium concen=

tration remained essentially the same for all surface and mid-
depth samples in calveston Dump No. 3 (Table 269), it in-

creased tour to five-fold near the bottom when the plume

x'
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Table 269

rogen Compound Data: Galveston Dump No. 3

near

DUOY

Dredged Materials from Galveston Bay Entrar

Channel Buoys b6

through 8

(August 28, 1975)

lime of
col L(‘\'( 1ON

:::;\‘\')

.

N
i

epth

(m)

Ammonium

(mg N/1)

14:02:00 1 0.3% U0l 0.086
L4 ¢04 300 8| .30 0.02 1.50*
L4 :085:0¢( 18 0.3l <0.01 0.06
14:30:00 - Disposal occurred.
L 32 ¢ 50 1 8 RS e Ui 0.0% '
L9 33 108 | (e 39 B ERR Q.0
L4:34:00 - Surface turbid plume arrived at
sampling location.
LRz 3N 330 18 036 Jd.04 ®
l4:35:00 1 . 35 02 0,035
L8 3530 R .18 O~04 0.00b6
14:36:00 - Surface turbid plume passed {
sampling location.
L%:36:00 18 1.99 0.0% 0.0
37 100 1 Q0«35 5 0,086
Ly 38 100 o Ued8 0:.02 0.086
L4:39:00 8 L.18 0« 0 J.00

*These samples

appear

to

have

QX E

been contaminated.
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reached the sampling ship. Just three minutes later, when the
plume had apparently passed, the concentration at the bottom
essentially returned to the detection limit of the analytical
procedure used. Organic N concentrations in the surface and
mid-depth waters did not appear to be affected by the disposal,
although bottom water concentrations increased from 0.31 mg

N/1 before disposal to as high as 1.99 mg N/1 after the sur-
face turbid plume passed the sampling site. As expected,
disposal apparently had no effect on nitrate concentrations.

Phosphorus compounds. Table 270 presents the

soluble orthophosphate data for Galveston Dump No. 3. The
greatest increase (53-fold) in the soluble ortho P concen-
trations occurred at the 9 m depth. In less than three
minutes, soluble ortho P returned to the concentrations
present 30 minutes before disposal. There appears to be an
inverse relationship between soluble orthophosphate concentra-
tions and light transmission. The data seem to indicate that
soluble ortho P was released as the turbid plume of dredged
material passed, although surface concentrations of soluble
orthophosphate did not appear to change during this disposal
operation. However, no surface water sample was taken just
prior to 1l4:35, which is when the turbidity pattern would
have indicated an increase in soluble ortho P concentrations,
were such an increase to occur.

The concentration pattern of soluble orthophosphate
near the bottom during Galveston Dump No. 3 is not clear be-
cause of the limited number of samples collected. Concentra-
tions appeared to rise during the monitoring period. However,
since bottom sampling ceased nine minutes after the dump, it
is not possible to determine the extent or duration of this
increase.

Organic compounds. Concentrations of soluble TOC

in composite samples collected before, during,and after

- | | T ——




Soluble 0Ort

Table

hophosphate Concentrations:

b Y ey & # \ Yy amy \ 3
Galveston Luni NO s o

near Buoy D Dredged Materials fr

O m

X 1 » -~ ¢ " R
om walveston b

bntrance Channel Buoys 6 through 8
(August 28, 1975)

iime of Depth
s S
Collection (m)
(hr:min:sec) ;
L UL gL i SU.uUl vl U0l
14:04%:00 3 <0 01
16 « ) O 3 N 4 N
L9 U0 T UL LG v.ulb VUl
L d Nty . N b
14:30 - Dump occurred.
LY ydd 30 1 <0 0% v o0 Vv
] . 1« O} 1 \ ) R |
L3300 g 0.184 .Ul
14:34% - Surface turbid plume arrived t
™ | . 3
sampling location.
L% 39 3\ LO k.\].u U UKL
. 1 { 11
14353550 1 <0.01 v 0
14535 30 9 Ul S 30,
L4:3b6 - Surface turbid plume passed
. 15 Bt 5
sampling location.
14 :36:0¢ 18 0.076 0.001
L4 :37:0C 1 <UL 0l v, 003
2 <0 .01 v
TR e, 3 Y 19 -
,‘.'0.\‘).3\) 1:‘ L'o.l!l L .\‘\

Standard deviation calculated from triplicate analyses of

one sample.

The approximate standard deviations indicate

that one or more of the replicates showed a concentration

below the detection

2151

mit.

619




Galveston Dump No. 3 were 4.8, 5.1, and 5.0 mg/l, respectively.
Data on soluble TOC in the third dump showed no significant
change at the 95 percent confidence level before, during, or
after passage of the surface turbid plume. The soluble oil
and grease content of the composite samples was below the

f detection limit (0.5 mg/l).

Galveston Dump No. 4 §

The fourth dump that was monitored occurred at

12:58 on August 29, 1975. The surface turbid plume arrived
at 13:00 and passed the sampling boat at 13:02. The distance
between the sampling vessel and the dump site was approxi-

mately 30 meters. The surface currents were found to be ap-

proximately 1 knot (51 cm/sec). Approximately 1100 cubic
yards of material dredged between GBEC Buoys 1 and 3 were dis-
posed of during the dump.

Optical properties. Figure 88 shows the distribution

pattern of material for Galveston Dump No. 4. The data show

that the suspended material was present at each depth monitored
(2, 8, and 14 meters). The suspended material took 2.75, 3.25,
and 2.25 minutes to reach the monitoring location at surface,
mid-depth, and bottom, respectively. As in Dump No. 3, tur-
bidity was greatest near the bottom, where turbid conditions
persisted for ten minutes. The Secchi depth was 2.5 meters

both prior to disposal and 37 minutes after Galveston Dump No. 4.

Temperature, dissolved oxygen, salinity and pH.

Table 271 presents D.0O., salinity (specific conductance), and

pH data for Galveston Dump No. 4. Figure 83 shows that just

; after the turbid plume arrived, there was a drop of 1.7 mg/l
in the D.0. concentration. The D.0. 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

salinity during the disposal operations.

620




7 TRAMNSMISSION

TR R e s e e e e [
D - Z meters
(O- 8 meters
100 f- @ - 14 meters
SOt
&
80+ O
70
60 -
SO
a0}
30+
20}
10
ol ! ! e T
o~ < w @ (@] o < ¥l @© (] o~
O v ['2] s} Qo (@] o (= [} = =i
~ t o
= DUMP TIME (hr:min)
Figure 88
Percent Transmission: Galveston Dump No. 4

Dredged Material from Galveston
Channel, Buoys 1-3, August

Bay Entrance
a9 1975

v




i
2

Co

T
A

me

| Qe

|3

| QP

R

B -
Hydrolab Data: Galveston Dump No. 4 » Dredged Materials

from Galveston Bay Entrance

of

10

i
lection
(hr:min:sec)

1:000:00

¢00:30

LR S 0]

0130

00

O

04

:03:00

0o
30

00

Channel Buoys 1 through 3

(August 29,

Dissolved
Oxygen

pH (mg/1@29°C)
AR T T N

82 6.6

8.2 ]

8.2 e

1]2:58 - Dump occurred.

S o (S|
(ol 6.b
8. B oS
8.2 6.5

1875)

Specific
Conductance Salinity
)
(umhos/cm) (2 HoTo )

43,000 28

hL8 , 000 31
B8 ,000 3]
4g,000 4]
hs,000 3]
8,000 31
L8, 000 31
He L 000 3

13:00 - Surface turbid plume arrived at sampling location.

8 Brab
8.l 4.8
8.1 NG
8.2 6.0
Bk

13:02 - Surface turbid plume

#Depth - 14 m.

Dash

(=)

ug,000 31
47,000 30
07,000 20
47,000 30
LR L0000 31

passed sampling location.

8.2 B0 8,000 RE
- Bl 47,000 30
- 6.l - o

Bia 6.l 07,000 30

Yo 2 6+ 3 L7 s 000 20

g 2 6.3 N7,000 30

8:2 B alth 475000 10

B Bad 7,000 30

8.2 s b wW74,000 30

indicates no reading taken.
622
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Heavy metals. Table 272 presents the heavy
metal results from Dump No. 4. No manganese release was ob-
served in Galveston Dump No. 43 in tact, manganese concentra-
tions appeared to decrease toward the end of the turbid plume
passage, possibly because of dilution and/or precipitation.
Sorption of lead and zinc apparently also occurred, as soluble
concentrations of both metals decreased during plume passage,
Four samples, two from 8§ meters and two irom 1H
meters, showed increased mercury concentrations. These values
ranged from 0.010 to 0.048 pg/l (0.003 ug/l was observed prior
to disposal). These higher concentrations occurred about two
minutes after the surtace turbid plume had passed the sampling
location. Transmissometer data (Figure 88) shows that
the plume was still present at the 8 and 14 meter depths during
this time. Samples taken about one minute later showed that
mercury levels had returned to pre-disposal concentrations. v
There appeared to be a slight elevation in mercury concentra-
tions in the surface waters, but this was declining at the |
end of the monitoring period.
Nitrogen compounds. The results of nitrogen com-
pound analysis tor Dump No. 4 are presented in Table 273, !
A sudden increase in ammonium concentrations in the surface
and mid-depth water samples was observed at 13:02:30. A
very sharp increase in organic N concentration (to 7.24% mg |
N/1) was observed in the surface water at 13:02:30. However,
by & minutes atter the surtace turbid plume passed the ):

sampling ship, concentrations decreased and seemed to stabilize.

Organic N concentrations in the mid-depth water almost

doubled. However, by 10 minutes atter the surtace plume

passed, concentrations appavently veturned to ambient

levels. Table 273 shows a time lag between the increase

of organic N concentrations in the surface and mid-depth ;

water. This lag was related to the fact that the surface

current velocity was considerably higher than mid-depth or

bottom current velocity.

voh |
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Table 273

Nitrogen Compound Data: Galveston Dump No. & near Buoy D,

Dredged Materials from Galveston Bay Lntrance

Channel Buoys 1 through 3
(August 29, 1975)

Time ot Depth Organic N Ammonium Nitrate
Collection (m) (my, N/1) (my, N/1) (mg N1
(hr:min:sec)

12:$2:00 \ - 0.0l -
1215300 8 - B Ol -
12454:00 L4 U330 0«02 0.08

12:58 « Disposal occurred.

12258 ;30 1 - g.ul -
12:58:45 ) - L3RS -

’
12:59: 30 Lk Q.38 0.01 0.10 \

13:00 - Surface turbid plume arrived at
sampling location.

L3 @030 1 Uragt .0l 0.0t
134030 8 0.30 0.0 .08
13:02 - Surface turbid plume passed
sampling location.

13 :0d 230 | 1«24 030 0.0%9
13:03500 3} - Dl 0. 00
8 R e S 1) o Qw27 Q.01 Q.08
F3 0343 1 - 0,01 -

LS eUdisu (] L 3% 0 Ul O.0b
Ld: 0400 { - Q.01 -

13:08yLo 8 oo 0,02 AR
13:04: 30 L4 U BS Ul d U.oun
13:05:30 8 [ R (o Lol 0.08
la:0u:dd ] o086 0l QI 0«08
13:086:30 | U.39 0 2 Bl d

| —



lable )73 (Concluded)

Vime Of Depth Organic N Ammonium Nit

rate

collection (m) (mg N/71) (mg N/1) (mg N/1)
(hrimin:sec)

3 UL LN N} Qg

3 4 15 14 2:0% Gl 0. 10
L3208 %30 l 0.02 -

1:09:00 u . 0.01 -
L3208 ! L4 @ F Q.02 u.07
L33 liiuy L4 Q.03 -

i 1+ 30 8 D.eB Q.02 0.0
E3d LY l U3 <001 gt

Dazh (=) indicates no analysis made.

In the bottom water, organic N concentrations showed
at least two maxima. fhere wag a sharp increase (to 1.31 mg
N/71) five minutes after the disposal, followed by a decrease.
Eight minutes alfter the disposal, a second increase (to 2.07
me N/1) was observed. Nitrate concentrations started in-
ereasing in the surface water about five minutes after dis-
posal but returned to ambient concentrations by 14 minutes
after the dump. In the bottom and mid=depth water, nitvate
concentrations Jdid not show any clear pattern of variation,
although concentrationg at both depthas exhibited several
maxima.,

Phosphotus compounds ., Data in Table "% show that
the soluble ovthoe ' concentrations during Dump No.o 4 appeared
to incredase at all three depths during this disposal opera-
tion. doncentrations increased M4 to 48 fold but returned
to ambient levels within a & to 8§ minute period. These in-

creases occurred shortly after a rapid decrease in light

trannsmission (Figure 88), 1t appears that the smallest




Table 274

Soluble Orthophosphate Concentrations: Galveston

Dump No. 4% near Buoy D, Dredged Materials from

Galveston Bay Entrance Channel Buoys 1 through 3
(August 29, 1975)

Time of Depth Soluble
Collection (m) Orthophosphate
(hr:min:sec) (mg P/1)
12:54:00 14 0.447

12:58 - Dump occurred.
123594 30 14 <0.01

13:00 - Surface turbid plume arrived at

sampling location.

13:00:30 1 . 0. 289
13 0L 80 8 <0.01

13:02 - Surface turbid plume passed

sampling location.

13:02:30 It 0.547
13083040 8 U. Q18
13:038:30 8 <0 0
13:03:50 14 0.25Y4
130 LS 8 0.077
13:04:30 L4 0186
13¢0% 430 8 0.261
13:06:00 14 0,813
13:06:30 1 SU=UL
L30T ELS 14 0.012
13:08:4%5 L4 <0.01
13:11:30 8 <0,01
131218 4 <0 Ul

Concentration based on one analysis of one sample.




reduction in light transmission and the greatest release of

soluble ortho P occurred in the surface waters. The sample
taken at 14% m at 12:54 also showed § higher concentration
(0.447 mg P/1) of soluble ortho P. This value could be re-
lated to residual effects from previous dumps. However, the
concentration could be a spurious point, as it was found
prior to the dump and most baseline concentrations found
were not that erratic.

Organic compounds. Soluble TOC concentrations in

composite samples from the fourth dump were 11.2, 23,and 9.8

mg/l, respectively (before, during, and after the turbid

plume passage). Total organic carbon in composites of samples

taken before, during,and after passage of the surface turbid

plume were 25.8, 38.4,and 38.3, respectively. The oil and

grease and soluble o0il and grease content for these composite '

samples was < 0.5 mg/1.

Galveston Dump No. 5

The last dump monitored near Buoy D on August 29,
1975, occurred at 14:27. The surface turbid plume arrived
at 14:28 and passed at 14:29. The sampling boat was approxi-
mately 80 meters from the dump site. The dredge passed be-
tween the sampling boat and the buoy, disposing of 1115
cubic yards of the material dredged between Buoys 1 and 3.
The pre-disposal currents and other conditions were identical
to those for Dump No. 4.

Optical properties. Figure 90 depicts the

turbidity data for Galveston Dump No. 5. Percent transmis-
sion was monitored at 2 meters (surface), 8 meters (middle),
and 14 meters (bottom). The suspended material took one
minute (surface), 4 minutes (middle),and 4.5 minutes (bottom)
to reach the sampling vessel. Again, the bottom depth showed
the greatest turbidity. However, unlike bottom plumes ob-

served in Galveston Dumps No. 3 and 4, the bottom plume in

629
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this disposal operation developed after the surface and
middle plumes. In addition, the turbidity measured at 14
meters persisted for over one hour. The surface samples
showed the same type of turbidity pattern observed during
the previous disposal operation.

Dissolved oxygen. Figure 91 presents the plot of

the readings of D.0. taken at 14 meters. The figure shows
that five minutes after the dump occurred, the D.0. con-
centrations decreased 1.5 mg/l. Several minutes later
another depression in D.0. was seen. Unlike previous dumps,
there was not a return to the initial concentrations within
ten minutes of disposal. The concentrations did not stay at
one level but fluctuated slightly below the pre-disposal
levels.

Heavy metals. Table 275 presents water column

concentrations of heavy metals for Galveston Dump No. 5.

his disposal followed the last one by about 1.5 hours. Due
to the larger number of samples analyzed, a well-defined
picture of release and sorption was possible. There was an
indication of manganese release (about 90 ug/l) in the bottom
(16 m) samples. Iron concentrations fluctuated during the
sampling period, with several samples showing values above
pre-disposal levels. There was no indication of release or
sorption of the other metals.

Nitrogen compounds. The ammonium, organic N, and

nitrate data for the fifth disposal operation are presented
in Table 276 . For these and subsequent studies, the de-
tection limit for ammonium was adjusted to <0.05 mg N/1. The
ammonium concentrations in the bottom waters and the nitrate
concentrations at all three depths are plotted in Figures 9?2
and 93, These figures indicate that dredged sediment

disposal had a significant influence on the bottom waters

where very sharp fluctuations in the ammonium concentrations
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Table 276

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

Dredged Materials from Galveston Bay Entrance

Channel Buoys 1 through 3
(August 29, 1975)

(mg N/1) ;
Time of Depth Organic N Ammonium®* Nitrate
Collection ()
(hr:min:sec)
14:26:30 2 0.34 <0.05 -
14:27:00 - Dump occurred.
14227208 8 G5 <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 8.06

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

=295 310 2 - 0103 =
14:29:45 16 - <0.05 -
12945 8 - <0.05 0.09
14:30:45 2 027 <L 05 0.08
k3L sl s 16 0,27 <005 0.08
2 gl 230 8 Uis Sk <0.05 -
32 500 16 - <0.05 w22
14:32:30 8 0.38 <005 8.09
14:32:45 16 2467 <0, 05 <0.04
L ¢ 33500 2 0.42 <0.05 0.09
L&:33:30 16 L2565 01l 0410
14:33 48 16 2.382 0:1l6 0.04
14:34:30 16 - <0.05 <0.04
14:34:45 2 - <0.,09% -
1535215 16 - <% 05 <0.0u4
14:35: 30 16 0wB7 <0.05 -
(Continued)
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Table 276 (Continued)

4 Time of Depth Organic N Ammonium® Nitrate
3 Collection (m)
" (hr:min:sec)
I 36 LS Lo L5 38 <0.08 Q.09
L s 36 ¢ 30 1t - Q.38 0.12
L 36 v HS 2 - <U.08 - ;
L e 3 F 00 Lo - <0.0b O, ‘
L4337 30 o) Q.42 <. 0N <0.04 ‘
L3 ho L6 Uo7k 0 10 U L2
L% 21945 8 0 33 <RllS Gl
Lh:40:20 Lo Qo <l US -
3 E4 4l 200 2 - <0, 0% -
k'
L4200 Lo e SHRNYS O l%
LM s42:48 ' - <0035 -
LR s 4d: 30 8 - SO BS - |
L4 3l b Lo 0.7 LA R B Ga.l3 |
Li stk s 30 2 - <0.06 - 'l
Ll s S LS 8 - <0« US -
LB S eld Lo Q. H2 LOL0S <U. 04
L4 46530 Z - <085 e i
L o7:15 8 U3 <0 0% 0.1l4
L st ud Lo B U <DL 0% U L2
3 L s 48 :30 é L0« US -
Ly 49: 30 N = <0.0% =
LA st LS Lo Ued <0 8% 0.6
I :olils 2 - <005 -
T S u Q.08 <0095 Ueld
LS oei: 30 Lo - <U.0b -
Lo+ 0030 é - Sl U -
L0l ele 8 - 009 -
Lo:02:1S Lb 6 <0.05 0«08

(Continued)




Table 2 76 (Concl \l\l(?ki)

Time of Depth Organic N Ammon ium® Nitrate
Collection (m)
(hr:min:sec)

Lo s Ll 320 2 - <@, Qs ~
L5100 8 - <0.05 -~
s LIRS 1o Qe 2 <00 0.08
Lo+ L6 G 2 0.47 <0.0% -
L&217:30 8 0. 43 <005 0.1
ot 18 30 16 0. 74 <. 0% G109
| o0 40140, - - <0l U -
1S3 237 30 8 - <0 US -
LS 24 30 1o - <. Q3 -
11284445 2 - <@.8% -
SRR By 8 - <006 -
ES 4382 LS 1o - <D DS -
L5 36 :30 2 - <. 05 -
ESe37 2 Wb 8 - <0.0% -

#Por this and subsequent disposal operations, the analytical
detection limit for ammonium was adjusted to <0.05 mg N/1.
For further discussion, see Part II.

Dash (-) indicates no analysis made.

are seen. Ammonium concentrations in the surface and mid-
depth waters remained below the <0.05 mg N/1 detection limit.
Nitrate concentrations in surface and mid-depth
water also increased little as a result of disposal. Concen-
trations in the bottom water increased sharply five minutes
after the dump but decreased immediately. They returned to the
pre-disposal level after about 35 minutes.
Disposal apparently had no effect on organic nitrogen
at surtace and mid-depth waters. However, organic N concentra-

tions in the bottom waters increased sharply (to 2.67 mg N/1)
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Figure 92

Ammonium Concentrations in Bottom Waters, Galveston
Dump No. 5 near Buoy D, August 29, 1975
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four minutes after the plume passed the sampling ship. About
ten minutes after disposal, the concentrations in the bottom
waters decreased a little but were still higher than in the
samples collected prior to the arrival of the turbid plume.

Phosphorus compounds. The concentrations of soluble

orthophosphate are listed in Table 277. There was no release
of soluble ortho P apparent in the surface waters. At mid-
depth (approximately 8 m), soluble ortho P concentrations
doubled, but they returned to ambient levels within 10 min-
utes. The soluble ortho P concentrations near the bottom

followed a somewhat irregular pattern, showing two maxima.

Concentrations were just slightly above ambient and then in-
creased 12-fold. Rapid recovery to ambient was followed by
a 5.5 fold increase and another recovery to ambient about 10
minutes later. v

Organic compounds. In the fifth dump, soluble TOC

2

concentrations were 15.4%, 28.3, and 15.3 mg/l before, during,
and after the passage of the turbid plume, respectively. The
concentrations of TOC in the fifth dump were 19.8, 32.6, and
16.2 mg/l, respectively. Soluble o0il and grease were below

the detection limit of 0.5 mg/l.

Galveston Dump No. b6

The next disposal operation monitored took place at

12:50 on September 9, 1975. The surface turbid plume arrived

at 13:02 and passed at 13:04. Material dredged from the

GBEC (Buoys 3 through 7A) was dumped near Buoy D at 12:50.

The water column depth was 15 meters. The sampling boat was
positioned approximately 240 meters from the dump site. Approx-
imately 1500 cubic yards of material were dumped. The sur-
face current was 0.3 knots (15 cm/sec).

Optical properties. Figure 94 shows the percent

transmission during Galveston Dump No. 6. Percent trans-
mission was measured at 2 meters (surface), 9 meters (middle),

and 15 meters (bottom). The presence of suspended dredged

ohl




Table 277

Soluble Orthophosphate Concentrations: Galveston

Dump No. 5 near Buoy D, Dredged Materials from

Galveston Bay Entrance Channel

Buoys 1 through 3
(August 29, 1975)

Time of Depth Soluble
Collection (m) Orthophosphate
(hr:min:sec) (mg P/1)
14:26:30 2 <0.01
14:27 - Dump occurred.
N :27:00 8 <0.01
14:28 - Surface turbid plume arrived
at sampling location.
14:28:00 16 0.018
14:28:30 2 <0.01
14:29 - Surface turbid plume passed
sampling location.
14:29:45 8 <0.01
14:30:30 1o 0.024
14:30:45 2 <0« 01
LR B R 16 <0.01
1%$31:30 8 S0 L
14:32:00 1o <0.01
IN:32:30 8 0012
1h:32:45 16 <0.01
14:33:00 2 <UL
14:33:30 16 U QL0
14:33:45 1o 0.010
‘ 14:34:30 16 <0.01
g 14:35:15 16 <0.01
| 14:35:30 16 0.018
14:36:15 16 0.014

(Continued)
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! Table 277 (Concluded)

b

! Time of Depth Soluble
Collection (m) Orthophosphate
(hr:min:sec) (mg P/1)
1236 30 16 <000
1237 :00 16 0.128

; 1«37 : 30 8 0.020

‘ 14:37:45 16 <0.01
14:39:45 8 0015
14:40:20 16 0.018 j
14:42:00 16 0.038 J
14:43:45 16 <0.01
14:45:45 1.6 <0.01
14 :46: 30 2 <0.01 v
14:47:15 8 (S
14:47:45 16 0.056
14:50:15 16 0,017
Ins53:15 16 0.018 ’
15:02:15 16 <0.01
153185 16 0007
15:16:45 2 0.011 !
xS: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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Percent Transmission: Galveston Dump No. b6 near
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Entrance Channel Buoys 3-7A, September 9, 1975
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Dissolved oxygen. Dissolved oxygen concentrations

for Dump No. 6 are presented in Figure 95, The D.0. read-
ing was taken at a depth of 15 meters. There was a decrease
of approximately 0.5 mg/l just after the surface turbid plume
arrived at the sampling boat. The D.0. concentration re-
turned to a level of 0.1 mg/l below the pre-disposal concen-
tration within ten minutes of the dump.

Heavy metals. Results of analysis for heavy metals

are presented in Table 278. There were no changes in ranges
of chromium, arsenic, lead, copper, and zinc concentra-

tions found at the 1, 9, or 15 meter depth during or after the
passage of the turbid plume. Further examination of the con-
centration ranges seen for nickel and manganese show that
there was an increase in the levels of these metals seen

after the plume passed from those seen before and during the v
passage of the plume. Cadmium concentrations showed the

same pattern of apparent release after the passage of the
plume. Mercury increased during the passage of the plume
(0.006 ug/l at 1 m and 0.016 ug/l at 9 m). These values

were declining at the end of the sampling period.

Nitrogen compounds. Ammonium data presented in

Table 279 show that ammonium concentrations for all samples
processed from Dump No. 6 were below the detection limit of
0.05 mg N/1.

Phosphorus compounds. Concentrations of soluble

orthophosphate are presented in Table 280. Soluble ortho P
concentrations appeared to increase at all three depths, but
the increases did not appear to be as great as those found
during the previous disposal operations near Buoy D. Ambient
soluble ortho P concentrations in the surface water were
between <0.01 mg P/1 (detection limit) and 0.012 mg P/1.
During the passage of the surface turbid plume, the concen-
trations did not rise above this level. The sample taken 11

ALY
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Table 279

Ammonium Concentrations: Galveston Dump No. 6

near Buoy D, Dredged Materials from

Galveston Bay Entrance Channel

Buoys 3 through 7A
(September 9, 1975)

Time of Depth Ammonium
Collection (m) (mg N/1)
(hr:min:sec)

11:41:00 1 <0.05
11:42:00 9 <0.05
11:42:30 15 <0, 05
1272382 30 1L <0.05
12:39:00 9 -
12::39:30 15 <0.05 v

12:50 - Dump occurred.

12:50:15 1 <0.05
172501530 9 -
12:506:485 15 <005
12:55:45 105 <0.05
1225350 9 <0.05
13500215 15 <101.3015
135100230 al <0.05
13:00:45 9 <0.05
L3 A0S 18 <0.05

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

13:02:00 1 <0.05

ESWUZ L5 9 <0505

1330245 it <0.,08%

13:08:30 AL <0.05

13:03:45 g <0.05

13:04:00 15 €0.05
(Continued)
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Table 279 (Concluded)

Time of Depth Ammonium
Collection (m) (mg N/1)
(hr:min:sec)

13:04:30 1} <0,.05%
L 3ilsisks 9 <0.08
13209555 il <0.05
1306550 101 <005
13308410 9 <0, 0%
13:10300 9 <0.05
Lo LU 1 00
13 L3I 0S 9 <0.05
L3513 4S LS <005
L3 15200 1 <0.05
13115220 4 <0.05
L3 LS ss LS <0016
13:21:1% 18 <0 WS
13:30:30 il <0.0S
13:31:00 4y <003
L3rdlads LS <0.095
13:40:00 9 <0<08
L3 R003S 1S <0.085
0 I S 1 <0.05
Liie L6 S0 9 <0.098
14 :16:45 15 <0.0%
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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)

2 Soluble
e ”‘?’f‘?‘?“ N

; ' b X SD
11:41:00 i <0.01 0
11:42:00 9 0.015 0
11:42:30 15 <0.01 ~0
1.2:38¢30 1 0022 0.001
12:39:00 9 0.018 000
12:39:30 15 0.013 0

12:50 - Dump occurred. v
£2: 50015 L B0 0.001
L2503 0 9 <0.01 v0
L2250 ¢ 5 1S <0.01 ~v0.003
1221850045 15 <0.01 V0,001
12:59:50 9 <0.01 ~vo0
13:00:15 15 0. 028 0
13:00:30 1 0013 0.001
13:00:45 ) <0 O v o0
1330k LS 15 0.019 0.001
13:02 - Surface turbid plume arrived at
sampling location.

13:02:00 1 <0.01 0.001
1330215 g 0.012 0
13602 ¢4 1 0.01L 0.002
13:03:30 1 <0.01 0.001
1310345 9 <0.01 v0.001

13:04 - Surface turbid plume passed
sampling location.

(Continued)

652




Table 280 (Concluded)
Time of Depth Soluble
} Collection (m) Orthophosphate
(hr:min:sec) _(mg P/1)
X SD
13:04:00 15 <0.01 ~0.001
13:04:30 i <0.01 n0.001
13:05:15 9 <0.01 O
13:05:558 1 0.012 0
13:06:50 15 0.022 0.001
13:08:10 9 0.013 0.001
13:10:00 9 0.018 0.001
13:10:15 1 <0.01 40
E3:13: U5 9 0.022 0 v
13:13:45 15 0.024 0.002
13:15:00 X 0.022 0
13:15:20 9 0.015 0.001
13:15:38 LS <0.01 N0
ES s 2L 1S 15 0.020 0.001
13:30:30 1l 0.01y4 0
13:31:00 0.018 0.001
13:3L:35 LS 0023 0.001
13:40:00 <0.01 U]
13:40:35 15 0.02
14:16:15 0.016 0.001
14:16:30 <0.01 0,001
14:16:45 TS 0.011 0

Mean and standard deviations calculated from duplicate analyses
of one sample.
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minutes atter the plume passed showed an approximately two-
fold increase (to 0.022 mg P/1) over ambient soluble
ortho P concentrations. A sample taken 15 minutes later
showed a decrease in concentration to 0.014% mg P/1. About
45 minutes later, the concentration was slightly above am-
bient levels (0.016 mg P/1).
Soluble ortho P concentrations at mid-depth (9 m)
varied between < 0.01 mg P/1 (detection 1limit) and 0.019 mg
P/1 before arrival of the turbid plume. When the mid-depth
percent light transmission was lowest, the soluble ortho P
concentration was below 0.01 mg P/1 (detection limit). Tt
then appeared to rise steadily to 0.022 mg P/l about 14
minutes later. About 25 minutes after the apparent maximum,
the soluble ortho P concentrations had returned to ambient
levels.
; e : v
As the percent light transmission in the near-
bottom waters dropped to 1 percent, the soluble ortho P in-
creased from < 0.01 to 0.023 mg P/1l. It dropped back to
ambient levels about 4 minutes later, and fluctuated between
< 0.0l and 0.024 mg P/1 for the duration of the sampling

period.

Texas City Channel Sediment Blutriate Tests

Two sets of sediment and water samples were col-
lected by UTD personnel in the Texas City Ship Channel for
elutriate tests. The sediments were all collected with a
Ponar grab sampler and stored in 5-gallon plastic pails.
The water samples from the same sites were collected from
the surface with a rope and bucket and stored in 13.5-gallon
polyethylene bottles. After collection, all of the samples

were cooled with ice in insulated boxes and transported to

the UTD laboratory, where they were stored at 4°C until

elutriation.




The first set of Texas City samples was collected
on March 28, 1975, at sites designated as TCC-1, 2, and 3.
Their locations are shown in Figure 96, The second set
of three sites (TCC-4, 5§, and 6) was sampled September 20,
1975; these sites are also shown in the figure.

General Sediment Characteristics and Oxygen Demand

The oxidation reduction potential (Eh), sulfide
concentration, and percent dry weight were determined for sed-
iment samples from Texas City Sites 1, 2, 4, 5, and 6. The
data are presented in Table 28 1. The first two sites (TCC-1
and 2) showed a similarity in Eh (-38 versus -20 mv), sulfide
concentration (1205 mg/kg versus 1251 mg/kg) and also dry
weight (53 percent versus 51 percent). There was also a
general similarity between the samples from TCC-4, 5, and 6
in Eh and percent dry weight. The Eh readings were -100,
-136, and -124 mv, respectively. The percent dry weight
results were 38, 4li,and 40 percent, respectively. HOWevér,
the sulfide concentrations did not show the same trend; in
fact, the three readings were quite dissimilar: 2519, 237,
and 1557 mg/kg for TCC-4, 5, and 6, respectively.

The oxygen demand test was run with sediment from
all six Texas City sites except Site 3. Tables A24 and A25
of Appendix A present the data from the tests of 5 cc samples
of sediment from TCC-1 and TCC-2. The standard deviations be-
tween runs ranged from 0.1 to 0.5 mg/l, indicating fair repro-
ducibility. The oxygen uptake values (Table 281) in the first
hour for a cubic meter and one gram dry weight of TCC-1 sedi-
2 and 0.66 mg 02,
lar uptakes were measured in the first hour for TCC-2, 4.8 x

102 g O2 for a cubic meter and 0.64 mg 0, for one gram dry

ment were 5.0 x 102 g O respectively. Simi-

weight of sediment.
The data from the oxygen demand test of TCC-1 and
TCC-2 sediment are plotted in Figures 97 and 98, The
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Dissolved Oxygen (mg/1)

1.
0.9
0.8
0.7
0.6 | T
0.5 | .L
0.4 = Mean and one standard devhtion‘t
0.3 L
0.2
0.1 L 1 1 L . :

0 10 20 30 40 50 60
Time (min)
Figure 97

Oxygen Demand Test: Texas City Site 1 Sediment
(Sample Size - 5 cc)
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Dissolved Oxygen (mg/1)

o o ©Ogpo

= Mean and one standard deviation

i
1 1 " 1 1 i J
0 10 20 30 40 50 60
Time (min)
Figure 98

Oxygen Demand Test: Texas City Site 2 Sediment
(Sample size - 5 cc)
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slope was -0.020 mg/l O‘,min“l for TCC-1 sediment. The slope
of the fast component of the TCC-2 plot was -0.026 mg/l O,
min~1; the slow component slope was -0.017 mg/1 O, min~ o
Tables A26, A27, and A28 of Appendix A present
the data obtained during oxygen demand tests of the samples
from TCC-4%, 5, and 6. The standard deviations between the
runs in each test ranged from 0.1 to 0.5 mg/l, indicating
fair reproducibility. The oxygen uptake values (presented in
Table 284) for the first hour per cubic meter were 6.0 x IU“
g 0, (TCC-4), 4.5 x 10%g 0., (TCC-§), and 6.1 x 10%g 0, (TCC-6).

> > O
7 A “ -

Again, TCC-4% and 6 had similar results (for uptake per gram
124 13 X
bl

dry weight), with 1.21 mg 0, and 1.17 mg 0,, respectively.

-

The TCC-5 samples had an uptake of 0.76 mg O,.

The data from these tests were plotted; Figures 99,
100, and 101 present the results. All three samples exhibited
a two-component system for the first hour. The slopes of the

fast components of TCC-4% and 5 were similar (-0.023 mg/l O,

g =] v ! .
min and -0.024 mg/1l 0, min ~, respectively), -while the

AL - : .o=1
I'CC-6 fast component had a slope of -0.064 mg/1 O, min ~.

However, it was the TCC-4 and 6 slopes which had similar slow

3 o ]
components; these slopes were -0.011 mg/1l O, min and -0.010
. =1 g ey :
mg/l O, min =, respectively. The TCC-5 sample had a slope of
5 ) . =~1
-0.00% mg/l O, min .

Elutriate Test General Parameters

On April 8, 1975, two § percent oxic and two 20 per-
cent oxic elutriate tests were run on the TCC-1 samplesi one
of each pair was allowed to settle for one hour, the other
for 24 hours. [he unused sediment and site water were stored
in the dark at 4C for future testing. Also on April 8, one
5 percent and one 20 percent oxic elutriate test were run on
both TCC-2 and 3 sediment and water.

To assess the effects of extended storage of sedi-

ment and water prior to elutriation, standard b percent
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Dissolved Oxygen (mg/1)

ro

B

~ ' ]
B

= Mean and one standard

deviation
1 I 1 1 =
10 20 i . 40 50 60
Time (min)
Figure 99

Oxygen Demand Test: Texas City Channel Site 4 Sediment
(Sample size - 3 cc)
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Dissolved Oxygen (mg/1)

Vd o = Mean and one standard deviation
1 | 1 1 1 | |
0 10 20 30 40 50 60
Time (min)
Figure 100

Oxygen Demand Test: Texas City Channel Site 5 Sediment
(Sample size - 3 cc)

662




Dissolved Oxygen (mg/1)

Mean and one
standard deviation

| 1 1 o L
10 20 30 40 50 60
Time (min)
Figure 101

Oxygen Demand Test:

Texas City Channel Site 6 Sediment
(Sample size - 3 cc)
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and 20 percent oxic elutriate tests were run on the TCC-1
sediment and water on June 17, 70 days after the first tests.
Elutriates were centrifuged prior to analysis for general
parameters dand total constituents.

On June 19, 1975, variations of the anoxic/oxic
elutriate tests were run on TCC-1, 2,and 3 sediments. One
test contained 20 percent sediment by volume, the other,

25 percent. A 20-minute nitrogen mixing period was used,
followed by 10 minutes of compressed air mixing. The
elutriates were allowed to settle for one hour in air. The
elutriates were centrifuged (5 min. @ 9000 rpm) prior to
filtration.

Sediment and water samples collected from Texas
City Sites U, 5,and 6 on September 20 were subijected to
single standard 5 and 20 percent oxic elutriate tests on
September 24 and 25. After these tests were run, the sedi-
ment and site water samples were stored in the dark at we
until October 31 (40 days after collection). On that date,
duplicate 20 percent oxic tests were run on the TCC-K
samples, and single 20 percent oxic tests were run on TCC-=5
and 6 samples to assess the effects of extended sample storage
on elutriate test results.

Table 28?2 presents the values for the general
physical and chemical parameters measured during tests on
Texas City Channel Sites 1, 2,and 3 samples. In general,
site water D.0O., turbidity,and specific conductance values
were greatest at the most scaward sampling site; pH showed
an opposite pattern.

Two 5 percent oxic and two 20 percent oxic elu-
triate tests were run on TCC-1 samples; one of each set was
allowed to settle for one hour, the other for 24 hours

(Table 282). The 20 percent tests consistently had lower
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After the TCC-1 sediment and water were stored in
the dark at 4°C for 70 days more, they were subjected to
additional 5 percent and 20 percent oxic tests. Total
elutriate volume was four liters (total volume was three
liters in the earlier tests on these samples). The general
and physical parameter results of these tests are presented
in Table 283.

The site water D.0. level was higher and pH value
slightly lower after storage. Values of the other para-
meters were the same as they had been prior to storage. The
oxygen demand of the sediment appeared to be somewhat greater
after storage as reflected in the 20 percent elutriate (after
settling) D.0. The pH values in the elutriates were no
different from those in the elutriates of fresher sediment.
Turbidity in the 5§ percent elutriate (after storage) was v
greater than that in the corresponding elutriate before sample
storage, although storage did not appear to affect 20 percent
elutriate turbidity. The specific conductance was greater in
the 20 percent oxic elutriate than in the § percent elutriate,
as was seen in pre-storage elutriate tests. However, pre-
storage elutriation caused a decrease in specific conductance,
whereas the tests run after storage showed a slight increase.

The results of the 20 and 25 percent anoxic/oxic
tests are presented in Table 284. After nitrogen mixing D.O.
was less than 0.5 mg/l in the 20 percent test and 0.7 mg/l
in the 25 percent test. During air-mixing, D.0. rose to about
6 mg/l in both the 20 and 25 percent tests. Following settling,
D.0. was higher in the 25 percent elutriate (4.7 mg/l) than
in the 20 percent elutriate (1.0 mg/l). This may have been
related to the intensity of air stirring and/or the vari-
ability in the oxygen demand of the subsamples of sediments.
Both pH values increased upon elutriation to about the same value

as that of the 20 percent oxic elutriate (Table 283). Turbidity
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was higher 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
elutriate. The specific conductance increased after 20 percent
elutriation but decreased slightly after 25 percent elutri-
ation.

The values for the TCC-4, 5, and 6 general physical
and chemical parameters measured are presented in Table 285.
With the exception of the lower D.0. in TCC-6 site water,
the general characteristics were about the same in each of the
three site water samples. The TCC-6 sediment appeared to have
the greatest oxygen demand, judging from both 5 and 20 percent
tests; the D.0. levels in TCC-4 and 5 elutriates were greater
than concentrations in the TCC-6 elutriates. Site 6 was located
near TCC Site 2; Site 2 sediments had appeared to exert the
greatest oxygen demand in the earlier set of Texas City tests.

Values for other general parameters measured
appeared fairly consistent between sites. The pH appears to
have decreased slightly after elutriation of TCC-4 sediments
but apparently remained unchanged after elutriation of TCC-5
and 6 sediments. There did not appear to be a consistent
change in turbidity with percent sediment; values were about
the same in tests on the same sediment. TCC-6 elutriates
had noticeably less turbidity than did the other elutriates.
There was no consistent pattern of changes in the observed
specific conductance values for the three sets of elutriates.

The values for the general physical and chemical para-

meters from elutriate tests run after 36 days of sample storage

are presented in Table 286, In most cases, the oxvgen
demand of the sediments appeared to be greater after storage,
as was found in the TCC-1 storage tests. The D.0. values

of nearly all of the later elutriates were lower than those

of the earlier elutriates. The storage period seems to have
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had variable effects on the other parameters. The pH of the
TCC-4 site water appeared to have decreased over the storage
period. The TCC-4 elutriates showed increases in pH over
that of the site water; prior to storage, the opposite effect
was observed. The TCC-5 and 6 elutriates had about the same
pH values in both pre- and post-storage studies. The spe-
cific conductance of the site waters from TCC-4 and 5 in-
creased slightly during storage; that of TCC-6 appears to
have decreased. Direction of changes in specific conductance
upon elutriation of stored TCC-4 and 6 samples appeared to
be opposite of those found prior to storage. The TCC-5

tests showed a greater decrease in specific conductance upon

elutriation after storage than it had before storage.

Heavy Metals

Table 287 shows that there were some major dif-
ferences between the two sets of Texas City sediments. The
TCC—l, 2, and 3 sediment samples collected on March 28 con-
tained 3.3 to 4.5 mg/kg cadmium and 59 to 90 mg/kg lead. In
the samples collected in September, concentrations of these
metals were below the detection limits. The TCC-1, 2, and 3

10

samples exceeded the US EPA criterion for cadmium, chromium,

zinc, and lead. The ranges of concentrations seen were 3.3
to 4.5 mg/kg cadmium, 170 to 650 mg/kg chromium, 50 to 240
mg/kg zinc, 50 to 90 mg/kg lead, and 10 to 720 mg/kg nickel.
Manganese, iron, and mercury concentrations were also high.
The set collected from Sites 4, 5, and 6 had values exceeding
the critepionlofor zinc, copper, and arsenic. The ranges of
these metals were 114 to 160 mg/kg, 43 to 83 mg/kg, and 11.8
to 13 mg/kg, respectively. Manganese and iron concentrations
were again high. Manganese and iron concentrations were 556
to 671 mg/kg and 25.8 to 26.3 g/kg, respectively.

The variability of metals concentrations between

March and September sets of sediment samples was considerable.
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However, the ranges of manganese, zinc, and iron were quite

similar at the two sampling periods. The concentrations of
mercury appeared to have decreased 10 to 20 fold in the time
between the sampling periods.

Table 288 contains the results of the soluble
heavy metals analyses for the TCC-1, 2, and 3 elutriate tests.
In the 20 percent tests of TCC-1 and 3 sediment, lavrge
amounts of manganese (1063 and 5760 ug/l, respectively) were
released. In the TCC-2 tests, only moderate manganese re-
lease was seen, but that of the 20 percent test was nearly
double that seen in the 5 percent test. Elutriates of TCC-1
sediment which were allowed to settle for 24 hours showed
nearly twice the manganese release seen in the one-hour
settling test.

There was removal of zinc from the site water in v
the Sites 1 and 3 tests (approximately 50 and 20 percent,
respectively) and what appeared to be slight release (14.3
ug/l over 8.7 ug/l found in the test water) in tests with
the TCC-2 sediment. There was small release of iron, 27
ug/l, in the tests on Site 1 sediment. The iron concentra-
tion of the TCC-1 site water was 5 ug/l. There was little
change with variation in settling time. Concentrations in
site and elutriate waters from TCC-2 and 3 were consistently
low.

There were indications of copper uptake in TCC-1
elutriates. The site water contained 5.4 ug/l, and the
elutriates contained 1.8 to 4.6 ug/l. Concentrations were
lower in the 20 percent elutriates. Concentrations in TCC-2
and 3 tests were low and showed no change.

There was a slight release of nickel by all three
sediments. No general pattern was seen with variation of
percent sediment, but the observed release was lower in the

TCC-1 elutriates settled for 24 hours than in the ones
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sediments. The TCC-1 site water contained 11 ug/l chromium
and the 20 percent, one-hour settled elutriate contained 159
pg/l. Increases were small in the TCC-2 and 3 tests and as

3+

initial concentrations were low, the increases were probably
insignificant. The same is true of apparent increases in
lead in all tests. Cadmium concentrations in TCC-1 elutriate
were small, but there appeared to be an increase over the
site water concentration (1.8 upg/l). Concentrations in all
samples with TCC-2 and 3 sediment were below the detection
limit (0.3 ug/l).

There appeared to be removal of mercury from site
waters by all three sediments. Removal of mercury from the
TCC-1 site water was highest (0.27 ug/l) in the 5 percent
test with 24 hour settling and lowest in the 20 percent test
with l-hour settling. There was no pattern with the other
sediments. Mercury concentrations in TCC-2 and 3 elutriates
were considerably higher than those in Site 1 elutriates.
This may be due to the changes in analytical procedures for
mercury concentrations, which were discussed in Part II.

Table 289 shows the results of metals analyses
of the site water and elutriates from tests performed with
the TCC-1 samples after storage. Manganese was released as
a function of increased sediment percentage of the total
elutriate volume. The trend and amount of manganese release
were similar to those observed in the previous tests. In
these later tests, zinc concentrations showed no change,
while in the previous tests (April 8, 1975) zinc removal had
been apparent.

No change in the copper, cadmium, chromium, and

lead concentrations were observed in the June test. In the
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earlier tests, however, increases indicating release were
noted for cadmium, nickel, and chromium. In the original
tests the most significant release was that of chromium,
with concentrations reaching 159 ug/l. 1In the June test
chromium concentrations remained below 4 pg/l. Moderate
iron release occurred in both sets of tests. Mercury re-
lease was apparent in the later tests, with increasing re-
lease as percentage of sediment content increased. 1In the
early tests mercury appeared to be removed in the 5 percent
sediment test; no change was noticed in the 20 percent test.

Overall, the results from the two sets of tests
did not agree well, except for manganese and lead release.
Sample storage resulted in elutriate test results which gave
a comparative underestimation of the potential of sediments
to release metals.

Table 290 presents the metal analyses of the
modified anoxic/oxic elutriate tests performed with TCC-1
sediment and water on June 19. Statistically significant
release of manganese was seen in both elutriates. Release
was greater in the 20 percent sediment content test (1551
Hg/l). There was no statistical difference in the concen-
trations of zinc, copper, chromium, cadmium, or lead in the
elutriates and the test water. Apparent release of nickel
occurred, the amount being the same in both tests. Similar
small apparent releases of iron were also observed in the
two elutriates.

Table 291 presents the results of heavy metal
analyses for TCC=4, 5, and 6 elutriate tests. Substantial
release of manganese occurred with TCC-4. The amount re-
leased increased with increasing sediment content of the
test in a linear manner. Manganese levels reached 1,200 ug/1l
in the 20 percent sediment test, which was four times the

amount found in the b percent elutriate. A very small
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increase in iron, from $ ug/l to about 10 ug/l was noted. No
significant change from site water concentrations of chromium,
cadmium, zinc, nickel, lead, copper, mercury, or arsenic was
detected in the elutriate.

Very large quantities of manganese were released
in TCC-5 tests. Concentrations reached 2,750 ug/l in the 5
percent test. Nickel was observed to increase from 5 to 8
ug/l. A small decrease in zinc was also noted. No statistical-~
ly significant change was observed for other metals monitored.

In tests with TCC-6 sediment, there was again
substantial manganese release, only in this case it was in
proportion to sediment content of the test. The 5 percent
elutriate concentration (905 ug/l) and 20 percent concentra-
tion (1600 pg/l) were, respectively, lower and higher than
the concentrations in the corresponding TCC-5 elutriates.
There was a small but statistically significant decrease in
the zinc concentration, from 3.0 ug/l to less than 1 ug/l.
Also, small increases in iron concentrations, from 5 ug/l to
20 ug/l, were observed. TCC-6 site water and elutriate con-
centrations of other metals determined were statistically
identical.

Data on release of heavy metals during elutriation
of TCC-4, 5, and 6 samples after one month of storage are pre-
sented in Table 292. Manganese and iron were released from
all three sediments as they had been in the previous elutri-
ate tests. Manganese and iron releases seen in the previous
TCC~4, 5, and 6 elutriate tests and storage tests were
qualitatively the same. There was a dramatic increase in
zinc and nickel concentrations in the elutriates of stored

samples. Although this may reflect some chemical change

during storage (at BoC), % may also be the result of hand-
ling and analysis. In the later tests, there was some up-

take of nickel although release had been seen earlier. All

(o2]
o
L]




V

‘SLel toc i puioslio
=1 VOu Ba RLIpNT (=) 4

"SHLATRUE H31ELT[UND WOUJ PIIRTNOIES UOTILIADP MEpUPLL DUE ko

sajest |dvs »aw g o J

- z> 0 gTo'n N9 es  £°% I*1 ‘B0 . 6°% [ 0°0E O s T 2> 1°0 B UEt 00Ty TxD 2

= 22200°0 L0000 Lo S %0 9*'ZI 670 0°5 0 0°0n 8°¢ €°61 = > 10 /R ¢ '] 0s isiem w417
$9-301

- > (i} szo'o0 T2 ot i & 1’8 8°0 6°§ S°E S LE kg 8722 = A ] L0 GSeT STX0 \GZ

= (24 0 ET0'0 L°O 3 L) £°6 870 002 0 0°0n 3°¢ 1°0¢ 3 Z> 1o 0°T o 0s Jaiem S11g
§<291

’
= > 0 s10°0 172 Lt 6°0 g Gl 4 L] 9 0°L 0°5h S° (T $°02 = > = $°0> nin 000t =

= Z> n00°0 0T0°0 Tt ST 20 9~9 L} 9°s LEAL B°9¢ T°2 8791 - (2 A ] 1 0St 0S3T V3T%0 \o2

= Z> n00°0 0TO0°0 n'T 8 2°0 5'6 L] 9°s nE 0°Em T'TT L 4 = (44 0 0°T ] LS da3cm 3315
‘%~20L

as 3 as ¥ as % W8 ¥ as ¥ as ¢ as as X  ucriwudiseq
o o) a3 L] a7 15 %) e SiSees

(1/3a)

GL6T ‘T 48q0350 Pawdojlsd 835l 231eT4anld

9 pue g 'y 83315 AITj sexap

c6C IqeL

TSUOTIRIIUIOUGC) [eia)y KABalj a(qNnlof

683

o i

| o




other metals determined showed almost identical concentra-

tions before and after the storage period.

Nitrogen Compounds

Total Kjeldahl nitrogen concentrations were deter-
minted for each of the Texas City sediments; ammonium and
organic N were determined for TCC-4, 5, and 6 samples only.
The data shown in Table 293 indicate that total Kjeldahl
nitrogen concentrations ranged from 643 mg N/kg for TCC-2
sediment to 1820 mg N/kg for the TCC-3 sediment. Except for
the sediments from TCC-2 and TCC-5, all other Texas City
sediments had TKN concentrations above 1000 mg N/kg. The
highest ammonium and organic N concentrations were in the
TCC-4 sediment sample.

Nitrogen compound release data in Table 294 show
that ammonium release in the April 8 TCC-1 oxic tests was
higher in the 24 hour elutriates. Further, ammonium release
was greater with increased sediment percentage in the elu-
triate. Organic N concentrations decreased and appeared to
vary inversely with the percent sediment in the total elu-
triate volume. Nitrate concentrations apparently did not
change in the elutriates.

Table 295 presents nitrogen data for elutriate
tests of sediment samples from Sites 2 and 3. Because the
samples had to be centrifuged, the organic N concentrations
do not represent total values, but rather the combined dis-
solved and fine particulate nitrogen fractions. Site water
was not centrifuged prior to analysis.

Nitrate concentrations decreased slightly or re-
mained unchanged in all elutriates. Ammonium release, which
was in readily measurable amounts, was a function of the per-
cent sediment in the total elutriate volume. Release was

greatest in the Site 2 20 percent elutriate, but still below
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Table 293
Nitrogen Compound Concentrations: Texas City Channel
Sediment Samples
(mg N/kg)
Sample Total Kjeldahl Organic N Ammonium
Designation Nitrogen
X SD X SD X SD
TCC-1 1670 47 - - - -
TCEC=2 643 i - - - -
TCC-3 1820 432 - - - -
TCC-Y4 1670 47 1376 1S9 294 112
TCC-5 654 35 618 35 36 0
TCC-6 1249 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/1)

Sample Organic N Ammonium Nitrate
Designation 7 Sp* 3 Sp* g gD *
Site Water 5.0 1.0 .58 0.0 0081 0B

5% (1 hr) 3wl 13 806 0l.18 0505 0,01
(24 hr) 2o 2 0ot .84 0.2 0 06r 002

20% (1 hr) Ba 2 A TS Blek ORISR
(24 hr) 0.6 0.6 LRl 3 - 00 D02

Dash (-) indicates that only one sample was analyzed.
*Mean and standard deviation calculated from duplicate analyses.

*#Mean and standard deviation calculated from triplicate
analyses.
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Table 295§
Nitrogen Compound Concentrations: Texas City Sites 2 and 3

Oxic Elutriate Tests with One-Hour Settling
(mg N/1)

~ Sample Organic N Ammonium Nitrate
Designation T sp - 3 sp 3 SD“*
ICC-2:
Site Water 0.2 0.02 Q18 @01 0,11 0.0%
5% <0. 08 0D.08 R 0 Q11 0.0
20% <0 . G5 0.68 6.02 0.08 0.09 0,01
Site Water .30 ol 2L Ol 22 6,03 §.0YX 0,01
0% S0 05 0.21 2.398 0.0k Q.08 G,01%
20% S0 05 Al Le a6 61 2.8 0, A0, Ak

Samples centrifuged prior to analysis.
*Mean and standard deviation calculated from duplicate analyses. v

#*Mean and standard deviation calculated from triplicate analyses.

that of the Site 1 elutriates. Organic N concentrations in
the elutriates were generally lower than those in the site
water, but this was probably due to the centrifugation step.

Table 296 shows results of tests run on Site 1 sedi-
ment on June 17 (81 days after sample collection). Organic N
data again reflect less than total values because samples were
centrifuged for 5 minutes at 9000 RPM prior to analysis. Re-
sults of nitrogen analysis show that nitrate increased in the
June tests; it had decreased in the April tests. The increase
was substantial (5-fold) in the 20 percent elutriate. Ammonium
release was similar in both sets of elutriates.

Replicate 20 and 25 percent TCC-1 anoxic/oxic elutri-
ates were prepared and subjected to nitrogen compound analysis.
Organic N samples were centrifuged. Nitrogen data (Table 297)
show major increases in nitrate and organic N concentrations in
the 25 percent elutriates. A smaller increase, about 50 percent,

was apparent in ammonium concentrations.
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Table 296

Nitrogen Compound Concentrations: Texas City Channel Site 1

Oxic Elutriate Tests Performed June 17, 1975

(mg N/1)

Sample Organic N Ammonium Nitrate
Designation T Sp* T Sp* T Sk
Site Water 023 002 <i0 @5 0 0.08 0. QL

5% < 0.88 0.06 2.42 0.02 0.10 0.01
20% < 0,05 053 8.3u 0L 17 0.43 002

Samples centrifuged prior to analysis.
*Mean and standard deviation calculated from duplicate analyses.

*##*Mean and standard deviation calculated from triplicate
analyses. v

Table 297

Nitrogen Compound Concentrations: Texas City Channel Site 1

Anoxic/0Oxic Elutriate Tests Performed June 19, 1975
(mg N/1)

Sample Organic N Ammonium Nitrate
Designation T Sp* % gD N QD%
Site Water 0,27 0.04 <005 0 0.10 Bl 0L

20% 0.05 Ues £ 01 @ia 0= 0L
25% 1001 029 12.8 0.07 050 0,01

Samples were centrifuged before analysis.
*Mean and standard deviation calculated from duplicate analyses.

**Mean and standard deviation calculated from triplicate
analyses.
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The nitrogen data for elutriate tests on samples

collected from Sites 4, 5, and 6 in September are presented
in Table 298. Only 5 and 20 percent oxic elutriate tests
were performed. All site water samples showed 0.12 mg N/1
ammonium nitrogen. Site 6 site water showed the lowest
organic N and nitrate concentrations. Compared to site water
levels, nitrate concentrations increased in the TCC-4% and
TCC-6 elutriates and decreased in the TCC-5 elutriates.
Nitrate release did not appear to depend upon the percent
sediment in the elutriate mixture. Although TCC-6 site
water had lowest organic N concentrations, TCC-6 elutriates
had the highest \‘l"‘}\\l\i\‘ N Yeleaze

Ammonium concentrations in all elutriates increased
as a function of percent sediment. The ammonium increase
in the 20 percent TCC-6 elutriate was over twice that in the \
20 percent TCC-2 elutriate, even though these two samples
were collected from the same general location. Ammonium re-
lease was also considerable in the TCC-4 elutriate.

Additicnal elutriate tests were conducted on
October 31, and the data are presented in Table 299. The
nitrogen data for site water organic N are considerably
different from those found in September. The October organic

EURTE]

N and nitrate values were higher in the TCC-4 and 6 site

ST

water samples but lower in the TCC-5 sample. Tn the later

tests, organic N release in TCC-5 elutriates was higher than
that in the September TCC-86 elutriates. Ammonium concentra-=
tions of site water showed a two-fold increase with storage.
Again there was considerable ammonium release from the TCC-U
and 6 sediments. Nitrate concentrations decreased in all the

elutriates in the later tests., although only the TCC-%

elutriate had shown a nitrate decrease previously.




Table 298

Nitrogen Compound Concentrations: Texas City Sites 4, 5, and 6

Oxic Elutriate Tests
(mg N/1)

Sample Organic N Ammonium Nitrate
Designation 3 Sp# 3 Sp < S
Site Water 0.8 0.30 0.12 0 0.10 0.01
5% <0. 05 0 4.50 0.08 0.42 0.01L
20% <0.056 0 10 2:5 Qi S 0.74 0, 012

TCC=-5:
Site Water 079 U:22 0.12 0 RiGL 000
5% g.93 0,15 1,63 0.01 0., 05 0.01
20% <0.05 0 235 0. 02 003 0.03 ¥
I'CC-b:
Site Water Qi+ 15 0.09 (s k2 0 01 0.04% 0.01
5% 081 G.01 b4l 0 QL 0.50 0.0L
20% 2,69 2.30 15, 70 0.42 0.31 0.02

*Mean and standard deviation calculated from duplicate analyses.

*#Mean and standard deviation calculated from triplicate analyses

Phosphorus Compounds

The total phosphorus content of the Texas City
Channel sediments is presented in Table 300. There does
not appear to be an overall pattern (considering all six
locations) of concentration with regard to sampling location.
In the first sampling series (TCC-1, 2;and 3), the greatest
concentration was found at TCC-1 (farthest up the turning
basin), the lowest at TCC-2, and an intermediate value at
TCC=3 (the most seaward site). Concentrations at TCC-u, 5,

and 6 were all greater than those from the other TCC sites,
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Table 299
Nitrogen Compound Concentrations: Texas City Sites 4, 5§ and 6

Oxilc Elutriate Tests Performed October 31, 1875

(mg N/1)

Sample Organic N Ammonium Nitrate
Designation 3 Sp# % 3 SD %%
TCC-U4:

Site Water 1.89 0.30 0.24 OIS 0.01

20% Oxic A <0.05 "0 9.38 0510 0.02

B 0. 32 0 15.1 <0.04 N0
TCC-5:

Site Water 0.31 0 0.22 0.09 0.01

20% Oxic ol QS 2 e it 0.05 Ok QL
TCC-6:

Site Water 0.85 0 D2 0.08 001

20% Oxic <0.05 0 1].43 0.07 B

A and B are replicates.
*Mean and standard deviation calculated from duplicate analysss.

*%*Mean and standard deviation calculated from triplicate analyses.

Table 300

Total Phosphorus Concentrations: Texas City
Channel Sediment

(mg P/kg dry weight)

Sqmple. Total Phosphorus
T s
h ¢ 750 70
Z 473 59
3 ol 23
L4 1468 34
5 937 7
6 3232 14

Mean and standard deviation calculated from duplicate analyses
of one sediment sample.
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but showed a similar pattern, i.e., the greatest concentra-

tion was found farthest up the turning basin (TCC-4), the

lowest was found at the mouth of the turning basin (between
TCC-1 and 2), and the intermediate concentration at TCC-6,
the most seaward site.
The mean soluble orthophosphate and total phos-
phorus concentrations found in Texas City Channel Sites 1,
2 and 3 elutriates are presented in Table 301. The site
waters from all three locations had essentially the same con-
centrations of soluble ortho P and total P. The fresh Site 1
sediment released about the same amount of soluble ortho P
in both the 5 percent and 20 percent (one hour) tests; it
released greater amounts after the 24-hour settling period
than after the one-hour period. The total P release was also
about the same in the 5 and 20 percent elutriates settled for v
one hour. The settling time did not appear to affect the
total P concentration in the 5§ percent elutriate. However, the
20 percent elutriate settled for 24 hours had a phosphorus 4
concentration four times greater than that settled for one hour.
The TCC-2 five percent elutriate (also in Table 301)
showed a 50 percent reduction in soluble orthophosphate concen- v
tration to 0.048 mg P/1. The 20 percent elutriate had the
same concentration as the site water. The total P concentra-
tion of the § percent elutriate was slightly lower than that
of the site water; however, the 20 percent elutriate showed a
two-fold increase over the site water concentration of 0.12 mg
Pl
The TCC-3 five and 20 percent elutriates showed re-
ductions in soluble orthophosphate concentration to 0.054 and
0.074 mg P/1, respectively,from the 0.10 mg P/1 concentration
in the site water. The total P content remained virtually un-
affected by oxic elutriation. Table 201 also presents phos-
phorus concentrations in TCC-1 elutriates which were run on

samples that had been stored for 83 days. The site water
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Table 301

Soluble Orthophosphate and Total Phosphorus Concentrations:

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

b
‘X
=
&

(mg P/1)
ngple_ Soluble Ortho P Total P
e R SD % SD
TCC-1 (April 8):
Site Water 0:.1095 0.021 00 0
5% (1 hr) 0.2y 0.005 0.27 0.01
(24 hr) 0. 30 0.008 0.30 0.01
20% (1 hr) Dia22 0.008 0.24 0.01
(24 hr) I & @la i3 >1.0% -
TCC-1 (June 17):
Site Water 0.082 0.003 -
5% (1 hr) 0185 0.004 -
20% (1 hr) 036 0.003 -
TCC-2 (April 8):
Site Water (000 55 B 0.006 U2 001
5% (1 hr) 0.0u48 0.002 009 U0
20% (1 hr) (B8RP b 0 0.24 g.01
TCC-3 (April 8):
Site Water 920 0.003 Graidi3 0.01
5% (1 hr) 0.054 0.005 Breild 0101
20% (1 hr) 0.074 0. 0033 0« 15 0 0L

Dash (-) indicates no analysis made.

Mean and standard deviation calculated from duplicate or
triplicate analyses of cne sample

“*Sample absorbance exceeded that of highest standard; insuf-
ficient sample remained to rerun analysis.
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soluble orthophosphate concentration 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 elutriate was greater after storage, however.

The soluble orthophosphate concentrations in TCC-1
anoxic/oxic elutriates (Table 302) were nearly six times
greater than the concentration found in the 20 percent oxic
stored elutriate (Table 301). (Stored elutriate was used for
comparison since it was tested on July 17; the anoxic/oxic
tests were run June 19.) There were no differences between
soluble ortho P or total P concentrations in the 20 and 25 per-
cent elutriates.

Orthophosphate data from oxic elutriate tests 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 greater than they had been in the same
general area six months earlier (Table 301). Sediment from
TCC-4 released soluble ortho P upon elutriation; the increase
(1.5-fold) was approximately the same in both the 5 and 20
percent elutriates. The TCC-5 elutriates showed slightly
decreased soluble ortho P concentrations following elutriation;
the reduction was less in the 5 percent elutriate. The
TCC-6 five percent elutriate also showed a reduction in the
soluble ortho P concentration below that of the site water,
whereas the 20 percent elutriate showed a slight increase in
concentration. The difference in behavior between the two
TCC=-6 elutriates may be related to the difference in percent
sediment used and/or the difference in D.0. concentrations
after settling; the 5 percent elutriate had 5.8 mg/l D.O.,

whereas the 20 percent elutriate D.0O. had 1.3 mg/l.
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Table 302

Soluble Orthophosphate and Total Phosphorus Concentrations:

Texas City Channel Site 1 Anoxic/Oxic Elutriate Tests
Performed June 19, 1975
(mg P/1)

Sample Soluble Ortho P Total F

Designation % SD X SD

Site Water 0.11 0.002 0.11 0 |
20% il 0 1216 0.03

25% 21 0 it 0.03

Mean and standard deviation calculated from duplicate or
triplicate analyses of one sample.

Flutriates were centrifuged at 9000 rpm for 5 minutes prior to
analysis. '

Table 303

Soluble Orthophosphate Concentrations: Texas City
Channel Sites 4, 5 and 6 Oxic Elutriate Tests

(mg P/1)

S%mplc. Soluble Ortho P
Designation N SD
TCC-4:
Site Water Gl 0
5% 0.28 G. 018 .
20% URa2E 0.00%
I'cC-5
Site Water 0.18 0.003
5% @l 0.003
20% Ui s @ Q0L
TCC=-b:
Site Water 020 0.002
5% Unald 0.001 3
20% .22 0

Mean and standard deviation calculated from triplicate
694
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Table 304 presents the orthophosphate results for

TCC-4, 5, and 6 samples stored 40 days and then elutriated.
Following the storage period, soluble ortho P concentrations
in TCC-4% and 5 site waters were 34 and 15 percent greater,
respectively. TCC-6 site water soluble ortho P was 11 per-
cent lower than it had been prior to storage. After storage,
the direction of concentration change as a result of elutria-
tion was exactly opposite that found in earlier tests; where
release of soluble ortho P in elutriates had been found before
sample storage (TCC-4% and 6), uptake was found in elutriate
tests after storage. Where uptake was found before storage

(TCC-5), release was found afterwards.

Table 304

Soluble Orthophosphate Concentrations: Texas City i
Sites 4, 5 and 6 Oxic Elutriate Tests
Performed October 31, 1975%

(mg P/L)

Sample Soluble Ortho P
Designation 3 sD
TCC=-4:

Site Water 0.23 0.00%

20% Oxic A Bk 0.002

B 0« d0 0.001
TCC=56:

Site Water Q21 0

20% Oxic Q27 0
TCC=-b:

Site Water 0 L8 0

20% Oxic 0.042 0.002

A and B are replicates.

Mean and standard deviation calculated from triplicate analyses
of one sample.

*:;.\mplv:: collected September 20.
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Organic Compounds

A § percent elutriate test was run on samples from
Texas City Site 1. Figure 102A shows resolution of 31 peaks
on the EC chromatograms of TCC~1 sediment. Aldrin, pp'DDT,
dieldrin, lindane, and PCBs were detected in the sediment.
The PCB value of 7426 ug/kg is one of the highest sediment
concentrations found in this study. This could be due to a
possible point source discharge.

Sixteen of the peaks present in the sediment were
detected in the water sample (Figure 102B). The same chlor-
inated hydrocarbons detected in the sediment were detected in
the water, but only the aldrin concentration was above the
detection limit.

The profile of organic residue of the elutriate
shows five peaks in addition to the 16 peaks detected in the
water. Generally, the magnitude of these peaks is higher
than that of the water, indicating a tendency for release of
organic residues. Table 305 lists the relative retention
time correlation values of sediment, water, and elutriate
derived from Figure 102.

The concentrations of chlorinated hydrocarbon pes-
ticides and PCBs are presented in Table 306. The oil and
grease of the sediment (304 mg/kg) is in a low concentration
range, which would indicate a low affinity for sorption of
PCBs and chlorinated hydrocarbon pesticides. The results
of the elutriate test show a release of lindane, aldrin, and
PCBs.

A 20 percent elutriate was run on samples from
Texas City Site 4. The profile of organic residues on the
EC chromatograms of the sediment and water showed essentially
the same fingerprints detected in the TCC-1 sediment and
water samples (Figure 102). The EC chromatograms of the
elutriate showed significant release for most of the peaks

detected in the sediment.
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= Recorder Responce

A. 5 ul Sediment Extract,
Sulfur Removed

Total Volume: 1.0 ml - 10 g

B. 5 ul Raw Yater Extract
Sulfur Removed

Total Volume: 1.0 ml = 3 L
18

C. 5 ul Elutriate Extract
Sulfur Removed

Total Volume: 1.0 ml = 3 L

e Retention Time (min)

Figure 102

Profile of Organic Residues on EC Chromatograms: Texas City

Channel Site 1 Sediment, Water and Elutriate
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Table 305

Relative Retention Correlation Data:

Texas Caty Site 1 Elutriate Test

Organic X R
giiier Coﬁpound it e Sediment Water Elutriate
1 Lindane 18 0.22 VY VY 4
2 23 0.28 v 4 vV
3 25 0.30 v v
4 28 0.33 Y ¥ v
5 82 0.39 / Y/ v
6 36 0.43 v v v
7 39 0.47 4 v v
8 41 0.49 Y 4 Vv
9 46 0.55 4 4 v
10 51 0.61 v 4 4
2l 56 0.67 v v 7
L2 60 02 4 v v
13 66 0.78 4 VY v
14 e 0.87 4 " v
15 Aldrin 83 100 2% 4% VY
16 86 1.04 v v /
17 9% L1 v
18 103 1. 27 4 v v
19 120 1.45 v J/
20 13y 1.61 4 o/
21 512 1588 v V.
22 Dieldrin 169 2.0u4 4
23 177 2,113 4
24 197 0% 31 v Y
25 209 Zob2 v
26 pp'DDT 234 2.81 /v VY I
27 2515 3.07 4
28 280 337 Y
29 295 3555 4
30 311 5 4
31 356 4.29 v/
Y = Compound indicated on one column.
/Yy = 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 i
(ug/kg) (ng/1) (ng/1) ‘
Chlorinated Hydrocarbons:
Aldrin 3.4 1.4 3.6
op'DDT <l1l.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 <1l.4 <2.0 <2.0
pp'DDE <l.4 <20 2.0
Dieldrin 2.7 Sl e <1.2% ’
Endosulfan I <0.9 <152 S :
Endosulfan II <3.b <4,y <4y
Endrin <1.2 SN <1.6 .
E-ptachlor <0.3 <0.4 <0.4
Lindane 1.0 S0.3% 1.5 *
PCBs 7426 130 150

Other Organic Compounds

0il and Grease 304 mg/kg NT NT
Total Organic Carbon NT NT NT
Total Inorganic Carbon 1.8% NT NT

*Compound indicated on two columns, but below detection limit.
NT = not tested.
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Measurable amounts of aldrin, pp'DDT, pp'DDE, lin-
dane, and PCBs were detected in the sediment. Only lindane,
aldrin, and PCBs were detected in the water. In the elutri-
ate there was release of aldrin, pp'DDT, pp'DDE, lindane,
and PCBs.

Table 307 presents the results of the organic anal-
yses. The quality of the sediment in terms of percent total
carbon and oil and grease content was comparable to that of
the TCC-1 sediment. The concentrations of chlorinated hydro-
carbon pesticides were similar to those in the Site 1 sedi-
ment, except that dieldrin was not detected. The value of
PCBs (3010 upg/kg) was less than half of the value reported
for the TCC-1 sample.

The water contained aldrin, lindane, and PCBs at
concentrations of 1.4 and 1.0 and 52 ng/l, respectively.
Release was found in the elutriate. Concentrations of aldrin
(8.9 ng/l), pp'DDE (5.6 ng/l), lindane (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

study.

Bioassays

Elutriates of sediment from each Texas City site
and US EPA Reconstituted Sea Wates ? wepe used in & sepies

of bioassays. Table 308, which presents the characteristics
of the bioassay elutriates of Texas City Site 1 sediments,

shows that the total ammonium nitrogen content for the 20
percent sediment test was approximately 7 mg N/1, of which
approximately 0.47 mg/l was unionized ammonia. In addition,

there were decreases in the D.0. and specific conductance
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Table 307
Data for Organic Compounds: Texas City
Site 4 Elutriate Tests

Parameter Sediment Water Elutriate

(ug/kg) (ng/1) (ng/1)

Chlorinated Hydrocarbons:

: Aldrin 2.6 1.4 8.9 J
op'DDT <1.6 <3.0 <3.0 »
pp'DDT 6.2 <3.0 12.0
op'DDD <l.4 <2.0 <2.0
5 pp ' DDD <1.4 <2.0 <2.0
op'DDE <l.u4 <2.0 <2.0
pp'DDE 3.3 K20 5.6
} Dieldrin <0.8 SHEs2 < LT 2
1 Endosulfan I <0.9 <1.2 <1.2 ‘
Endosulfan II <3.4 <b.y <b.y
Endrin S1.2 <l.6 <1.6
Heptachlor <0.3 <0.4 <0.4
Lindane 0.4 $.0 1.6
PCBs 3010 5i2 9619
Other Organic Compounds
0il and Grease 533 mg/kg 0.92 mg/l 147 mg/1l
Total Organic Carbon 0.8 % NT NT
Total Inorganic Carbon Lo& % NT NT
NT - not tested
104
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and increases in turbidity. The decreases in specific con-
ductance reflect the lower salinity periodically found in a
system affected by fluctuations in seasonal rainfall. Table
309 shows manganese concentrations over 100 mg/l in the 5
percent sediment test and lower concentrations 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 significant changes.

Table 310 presents the results of the 96-hour
biocassay on P. pugio in these elutriates. Examination of the
data shows that no toxicity to P. pugio was found for the 5
and 10 percent sediment elutriates. Ten percent toxicity was
observed after 24 hours and 20 percent toxicity after 36
hours for the 20 percent sediment elutriates.

The chemical characteristics, heavy metal, and bio-
assay results for Texas City Site 2 bioassay elutriates are
presented in Tables 311, 312, and 313, respectively. The
chemical changes were similar to those observed for TCC Site
1 elutriates (Table 308), except that total ammonium nitro-
gen concentrations were considerably lower. Heavy metal
behavior was also comparable to that found for the Site 1
biocassay elutriates. Site 2 sediments showed limited toxicity
(10 to 20 percent mortality) to P. pugio.

Tables 314 and 315 show that Texas City Site 3 elu-
triates were similar to those of Site 1 in both general
physiochemical parameters and heavy metals, except that
manganese was higher with 20 percent sediment tests than in
the 5 percent sediment tests. Toxicity results for Site 3
elutriates (Table 316) were also similar in that there was

limited toxicity (10 to 20 percent mortality) to P. pugio.
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The chemical characteristic data for Site 4 samples
presented in Table 317 show that the total ammonium nitrogen
for the 20 percent sediment test was 8 to 10 mg N/1, with
approximately 0.35 mg/l present as unionized ammonia. In
addition, there were decreases in D.0. and increases in
turbidity.

The results of the heavy metal analysis of the Site
4 bioassay elutriates are presented in Table 318. Increased
manganese release was observed with increased sediment per-
centage in the elutriates. Manganese concentrations over
1000 up/l were observed in the 20 percent sediment tests.
Iron release ranged from approximately 2300 ug/l in one 20
percent replicate to 3300 ug/l in a 10 percent test. Release
of zinc generally increased with increasing sediment percentage
elutriates. Slight release of lead occurred, while no sig-
nitficant changes were observed for cadmium, copper, chromium,
nickel, and mercury.

Bicassays of P. pugio in these elutriates showed
limited toxicity. Table 319 shows that the maximum kill (30
percent) occurred in 10 percent sediment replicate B after
60 hours of exposure.

Chemical characteristics and metal results for

«

Texas City Channel Site 5 sediment elutriates are presented
in Tables 320 and 321 ; the corresponding biocassay data are
in Table 322. The results presented in Table 320 are similar
to those of Site 4 sediments. The 20 percent sediment test
total ammonium content was approximately 4.7 mg/l as nitrogen.
The heavy metal data also tollow the same peneral trends found
for Site M. Large amounts of manganese and iron were released
with smaller zinc release and slight increases in lead concen-
trations. Examination of Table 372 shows no toxicity of Site
5 sediments to P. pugio over the entire 96-hour test period.
The chemical characteristics data in Table 323

show large amounts of total ammonium nitrogen release in
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Texas City Site 6 sediment elutriates. The increases in

turbidity were not as pronounced as those observed in elutri-
ates of Sites 4 and b sediments. Table 324 shows the concen-
trations of D.0. in the Site 6 bioassay elutriates over the
Jo~-hour test period. The data indicate that the method of
aeration was sufficient to keep D.0. levels above 4 mg/l for
the duration of the test.

The results of the heavy metal analyses of these
solutions are presented in Table 325. Only the 20 percent
sediment elutriates were analyzed. Large quantities of
manganese and iron were released. The concentrations of other
metals monitored did not change much from the concentrations
observed in the control.

Table 326 presents the bioassay results for these v
elutriates. Examination of the table shows only slight
toxicity of Site 6 sediment to P. pugio after 36 hours. One

grass shrimp died in one 20 percent replicate.

Table 324

Dissolved Oxygen Concentrations over Test Period:

Texas City Site 6 Biocassay Elutriates
(mg/1 @ 21°C)

Time control 5% 20%
(hr) A B A B A B
0 e Fed by b o 2 2l 249
] % o2 e b.b5 e 2 L Wi,
24 G d Gl 4.7 4.9 .oy 4.2
W8 (Ot vl 4.7 4.9 k.5 4.5
7 s Bed 63 .17 4.8 4.5 .7
Jo 6«3 B 3 4.8 4.8 L) Yy ' &

A and B are replicates.

“Measurements taken atter first hour of aeration.
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Texas City Hopprer Dredge

In the Texas City Channel, dredging was begun
immediately as the hopper dredge entered the Texas City Chan-
nel Turning Basin (TCCTB). The sidearms were lowered, and
the dredged material was pumped through them and back to the
rear of the hopper through the two exit ports. Approximately
90 percent of the material entered the hopper this way, with
the remaining 10 percent entering as a spray off the main
conduit.

The dredging continued for the length of the turn-
ing basin. At that point, the sidearms were raised out of
the sediment, and the dredge was turned back toward the en-
trance of the turning basin. The sidearms were again lowered
into the sediment and dredging was recommenced. This pro-
cedure was continued until the captain decided that the hopper '
was full.

An overflow system was used during dredging opera-
tions. Before dredging, the hopper had contained several
feet of residual water which had either been trapped when the
hopper doors closed during a previous dump or had seeped into
the hopper while the dredge was in transit. During dredging,
some TCCTB water entered the hopper when the sidearms were
raised at each turn of the dredging run. As the hopper filled,
the solid material tended to settle to the bottom, and
apparently, as a normal procedure, an overflow system dis-
charged the supernatant water via ports on both sides of the
dredge. This procedure was apparently continuous.

The intake into the hopper of the dredge McFarland
was sampled in October, 1975 during dredging operations in
the TCCTB. Table 327 presents percent settleable solids data

for the three dredging runs in the turning basin. Figure 103

shows the highest overall variability for Run 1. Readings
fluctuated, ranging from <9 to 100 percent. In both runs,
TR

_ —




Table 327
Percent Settleable Solids: Texas City Hopper Dredge Samples

Dredging
Location and Time Sample Percent
Date (1975) (hr :min) Source¥* Settleable Solids

October 9:
9:02-Dredging Began.

Run 1 902 D 30 |
9:07 D 97
9:12 D 22
9 2 D 10
9:17 D 2
922 D 14
927 S (2]
g :30 0 1t
933 D gy
v
9:40 D 100
g7 S 20
9:47-Dredging Stopped.
10:21 S 22
11:24 S 15
Run 2 )
(Texas City 14:31 Dredging Began.
Pump No. 1)
1%+ 33 D gy
14:36 0 0.8 H
14:39 D 19
14:560 S 27
14:52 0 33
X4 ¢ 55 0 13
16302 D 12
X506 D 36
15:06-Dredging Stopped.
15:2% S 31
16312 ) 10
X6 s 29 S 21
(Continued)
2%
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Table 327 (Concluded)

Dredging
Location and Time Sample Percent
Date (1975) (hr :min) Source® Settleable Solids

October 10:
7:15-Dredging Began.

Run 1 7:24 D 9
(Texas City

Dump No. 2) Faed D s
V233 0 6
7 38 S 4
7:42 D 41
7:45 0 i1

7:45-Dredging Stopped.
7:51 D 28 v
7257 D 20
8:01 S 9
8:37 3 8
G, S 6
10:13 S 13

%D = Dredging pump discharge
0 = Overflow
S = Supernatant

after the initial high reading, the readings dropped off and
stayed below the 35 percent level.

The data from the dredging run on October 10 are
presented in Figure 10u4. For this run, the maximum (41 per-
cent) was found in a sample taken 27 minutes after dredging
started. After dredging ceased, settleable solids in the
supernatant ranged from 6 to 13 percent.

The most important conclusion from hopper sampling
is that the system is highly variable during dreding. This

is most likely due to the variability in the contours of the
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channel floor being dredged. Since the bottom is not level,
the amount of sediment taken up varies as the hopper arm
moves through sediment at a fixed depth. There was a general
trend for the percent settleable solids to decrease during
dredging and stabilize after dredging ceased.

Heavy Metals

During Run 1 on October 9, the hopper was sampled
from 9:02 to 11l:24; results of heavy metals analyses are shown
in Table 328, The metal concentrations in the hopper were
comparable to ambient levels. The exception was manganese, of
which concentrations varied from 138 to 3,710 ug/l. The early
samples, collected while dredging was in progress, showed
higher manganese concentrations than samples collected after
dredging.

From 14:33 to 16:42 that day another dredging opera- v
tion was monitored. Again, only manganese concentrations
exceeded ambient levels. As Table 329 shows, manganese ranged
from 100 to 700 pg/l, which is low compared to levels in
samples taken from the hopper.

Table 330 shows the results of analyses of samples
collected during Run 1 on October 10. As before, only man-
ganese was significantly released in the hopper samples.
Levels were found to range from 129 to 2,220 ug/l. Another
overtlow sample was collected and showed a soluble manganese
concentration of 200 upg/l. As in the previous operation, the
ove'flow concentration of manganese was generally lower than
the concentrations observed in the hopper samples.

The hopper dredge studies indicate the ability of
the elutriate test to qualitatively predict release of heavy
metals. The elutriate test did seem to overestimate the mag-
nitude of the manganese release. The concentrations of soluble
manganese observed in the elutriate were generally much higher

than those typically found in the hopper samples.

728




CuowTpst Jussdad ..:;-Eg.\a.,ua«
TULISEY Hurtudnl [ouuryl Ayr sexa] UT poldosl(ou sdoer soidues odpoap doddoy A1) sexal 11Vs
TEYEARIRUR OU 8$B3ELIPUT (- yueg

& £°2Zn 9795 g 1z 6791 L)A ‘UCTIETIJEA U JUaTUTfjo0]
o 1o o 123 9°1 Loe Zhe UG ETALY pIvpUELL
¢ > 900 6€ &% Lo 6721 uem
........... B e R S o e e s e e e
¢ > gz0°0 62 g7 { 474 5781 s weitt
¢ > geo°o (4 6°5 Lt 8’0t bull 1zt
‘poddons duiBpaag - (nig
> gLo'o €2 L6 ' 621 [ 85 z> noE 091 0z Lnie
&> 100 18 n's 6°¢ 6TET "Lt Z> Z°Z orL'e s01 onie
z > = an 6°5 62 LA e > 52 one ne £EE
¢ > wn00 4z Lot e 976 0 el (2 #e 1ee & 0L:6
&> - 5¢ 9L 9°¢E 29t z°6S [ 6k ZuE & Le:h
¢ > geo'0 st £4 6°¢ 6°¢t AT Z > e [ 89 51 etie
z 5 - 65 L8 9t rort 1ot z> 52 Son it 108
Z > rore 65 0L L4 67 €T 19z > € [TRER ¢ 0t ik
cuedey durlpadq - zpis
oy My a4 no ad ™ uz a5 1] upt Auswipeg YOIILaT o]
PO jo 1y

(1/8n)
SLET 6 1390150 u6 | ung Butang Poyoa1 100
so1dwes aWpeuq 1edd6)] ¢A115 eexal TuoTiTeodwos TeasW Aatel eTANToL
Bl s1qey

729




716

CJusE IS Jussdsd mO(jaony

TjUswlpes Jussdoed Jueiesadng
“
‘a1qedyrdde jou smiELTpUl ) ysvq

L AT 0°SE 5 8T 0°ET S 82 = 1oz 5 mY (R)A UOTIRTIRA JO 4USLaijjaty

° 60070 0s €z "o &1 et o 50 612 UOTivLAsh [AEplUvLy

T > #2200 (13 s 9 £ 82t 6 Ln 4 8¢ bit urou
B L LR L LRt -2 1 == V.t o 20 ) duiii e R S A i G DR

T > 8200 €z [N (34 s et 9'89 12 2iE 5¢s 12 Zniat

¢> e 0c 66 672 6 €l 059 z 18 5.1 * o1 e

> w00 n s 672 szt A 2 $°e L6t e weist

‘paddoyg BurBpauqg - 90:5T %

[ = et Le 6°1 STET 8 gn 4 1°2 5L9 9¢ 90:51

¢ > @00 8t 98 e 2z 91 895 z n'E s2e 1 LSt

Z > 800 144 L9 671 | Y ¢ 9 En z n'e LYA €T 55:ml

I - ot 95 "z wet nom ¢ 82 Zne Pk 2s:ut

Z >  ww0‘0 o€ (34} e 6721 6°25 z g7 00L Le 05:mT1

Z > «¢10°0 "l 3 e 801 U ot ¢ 9 001 Sy 6Liul

z > w00 ne i ] 6° 1 80t LI 14 14 2 st “e £E-nt

ueBog Burdparq - Teiwl
Y £l a4 n) ad ™ ug a9 ) Ui LU pag
Juesdud § A
(1/8n)

SLET T6 490310 UG 7 ung FUTING peiIoell10)

srdwws 97pauq 49ddoy K3ty sexsl u0TI150dW0; [PieW LrPel S1ANT0S

62t @TqeL

0

73




e

‘jusmrpss Jussaad Mol jasay

‘JusmIpoy jussuad ~=c~w=;ea=m“ w
‘arqeayrdde jou saiesipul (-) yseq w
0" 0z €z 0’ ag N4 071t 582 % [ Y4 L7TET (8)A UOLIETURA JO JUBTOTJ 4800
0 90070 S L4 €0 L § | Gl 4 6 0 6°0 80L UoTIvIASp paepUEly *
¢ > 0ED’ O L14 (O] €2 et hZn (s L2 8ES ey
s e e dung - st:ot S e !
(A 820°0 0¢ 6°01 LI e 9°€En (AR 8z o6l ¢n~ €r:or .ﬂ
& > 800 9¢ 9°6 t A A XX rand} z > 5 061 cn Le:e - |
4 e t > 8z0°0 £ s LA o'zt E'ES z > 82 0ng cm 10:8 . n |
. ] paddoys Buylpsag - gnig “
! Z> wno'0 A I Vi ; 45 ¢ ER ) z > o't 002 w11 suit
& > #0°0 oe 9°'s L4 (A4 9" Tn z > T s ) n."m |
Z > 820°0 0z ror z'e &' nl 8°s9 z > ARy 621 W LI 4
z > - e s "z s Tn 9°s¢ z > 92 0zz'e ut 0€:L ]
Z > 8z0°0 e 9°6 LZ e 72w z> 58 091 6 LI2x]
‘uvdaeg Burdpeuag - ¢1i¢
sy an ag ny qd N uz ap 5] ul LT Pag A PEETR )
JuadIay o owry !
(1/4n)

SL6T TOT 1990100 UG { uny Butdng paIssiion 1
sordwes 58paa] aaddoy Ta1sy sexel rsuoTITsodwos; [elaN Kaes)) arqnios
DEE a1qe],




The variability of concentrations of soluble metals
associated with the sediment from the TCCTB in the hopper was
similar to that seen in the Galveston dredging runs. Manga-
nese concentrations varied 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.

Nitrogen Compounds

Hopper dredge samples collected during the Texas
City Channel dredging were analyzed for ammonium. The results
are presented in Table 331. The concentrations observed
were much higher than those found in the samples collected in
late August. Very high concentrations were observed in the
samples collected from the pump discharge. A graphical
representation of ammonium concentrations versus percent
settleable so0lids (Figure 105) shows them to have a high
posicive correlation (r = 0.87). The ammeonium concentrations
increased steadily with increased percent settleable solids.

Phosphorus 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 discharge material during the first dredging run ranged
from 0.10 to 0.45 mg P/1l; 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.

732




Table 331
Ammonium Concentrations: Texas City

Hopper Dredge Samples

Dredging Time Ammonium (mg N/1)
Location and (hr:min) g SD
Date (1975)
October 9: 9:02 - Dredging began.
Run 1 9:02 104 2.9
107 107 1.4
9:12 0.0 0,7
Qs 12 6.8 Sk
il 275 1.4
9:22 13«0 0
92’ 10.2 0.4
9530 1.4 0.2
Qs S R
9:40 205 39
2:47 - Dredging stopped.
9:47 L&./0 Uisac®
L0521 280G Ui
11:24 255 Qe
11:24% - Unmonitored dump
occurred.
14:31 - Dredging began.
Run 2 14433 {R LS 9 e
(TCC Dump No. 1) 1436 w, 0.2
14:39 18.5 Q.7
14:50 Lt U 0?7
L35 LU L.y
14:55 10.0 Qi
153072 128 0.4
15:06 | BT 0.4
15:06 - Dredging stopped.

(Continued)
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Table 331 (Concluded)

Dredging Time Ammonium (mg N/1)
Locaton dpd (hr:min) < QD
Date (197§)
193 2% 28 .0 1.4
16312 26.2 1
o2 812,12 0.9
16:42 - Dump occurred.
Octobexr 10:
Run 1 7:15 - Dredging bepan.
(e bump No. 2) 7124 4.2 0.4
Tu a0 3L 9 1.4
7:33 16.3 0.8
1:38 2.2 Q.8
(Y 36 .2 (U]
Tiud 1] 1.4
7:45 - Dredging stopped.
4 O S0.0 1.4
Ta%d 1959 BE
80k 9. 2 0.4
8137 29,9 Qe &
9: 1L 198 R
1018 32.8 0.4
L0:14% = Dump occurred.

Mean and standard deviation calculated from duplicate
analyses.
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Table 332

Soluble Orthophosphate Concentrations:

Texas City Hopper Dredge Samples

Dredging Time Sample Soluble Ortho P
Location and (hrs:min) Source¥® (mg P/1)
Date (1975) g sp
October 9: 9:02 - Dredging began.

Run 1 9:02 D 0.u45 0
9:07 D Qi 28 0.001
o2 G D 0l 10 0.001

2 D - -

QL7 D - -~

9522 D - =

JERLE S 0.068 0
930 0 0.23 0.001

9:33 D 0.38 0
9:40 D 0.38 0.002
RERIY) S 011 0.001

9:47 - Dredging stopped.
1021 S 0.25 0.001
11:24 S 0.16 0.001
Run 2 14:31 - Dredging began.

SECE-Romp RO =) | ang D 0.38 0.001

14:36 0 - -
14:39 D Uis @2 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)

736

____r.w

v




Table 332 (Concluded)

Dredging Time Sample Soluble Ortho P
Location and (hrs:min) Source (mg P/1)
Date (1975) g SD
2 S S 0.18 0.001
16:42 S 0.1u 0

October 10:

Run 1 7:15 - Dredging began.
(TCC Dump No. 2)

7:24 D 0.20 0.001
T30 D 020 0.010
T 83 0 - =

7' 38 S 0. 1.6 0
T:42 D QL. 17 0.001
748 0 0,18 0001

7:45 - Dredging stopped.

8:01 S 0.24 0
B#87 s 0.16 0.00X
ezl S - -
10313 S Wiz 153 0.002

Mean and standard deviation calculated from duplicate analy-
ses of one sample.

*D - Dredging pump discharge
0

S - Supernatant

Overflow

Run 2 samples were collected from material dumped
during Texas City Dump No. 1. The soluble orthophosphate
concentrations in dredging pump discharge during dredging
for Texas City Dump No. 1 ranged from 0.052 (at 14:50) to
0.38 mg P/1 (at 14:33) and generally appeared to decrease

with time. Concentrations in the supernatant after the dredging

had ceased (15:24 to 16:42) ranged from 0.14% to 0.18 mg P/1.
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During dredging on October 10 for TCC Dump No. 2,
the soluble orthophosphate concentrations in the dredging
pump discharge ranged from 0.17 to 0.20 mg P/1, again show-
ing a pattern of decreasing concentration with time. After
dredging ceased, the supernatant concentration was 0.24 mg P/1
(at 8:01). The water level in the hopper dropped about 6
feet after the 8:01 sampling; hopper concentrations then were
0.16 and 0.19 mg P/1.

The general pattern of concentrations in the
dredging pump discharge seemed to be one of decreasing con-
centration with time. In general, the first few soluble
ortho P concentrations in the pump discharge appeared to de-
crease with each subsequent dredging run; the initial con-
centration during the first dredging run was greater than
; that of the secoud, which in turn was greater than the Texas

City Dump No. 2 dredging run. Concentrations found in the
dredging pump discharge and supernatant during these dredging
operations were generally higher (by a factor of about 10)
than those found during GBEC dredging. The phosphorus con-
centrations of the TCCTB sediments were also greater than
those of the GBEC sediments.

Texas City Channel Disposal Operations

In October 1975, Lee et giﬁl monitored two disposal
operations in which sediment dredged from the TCCTB was dumped
near Buoy B (located about 500 meters from Buoy B) in the GBEC

| Disposal Site. Both sampling and disposal sites can be found
in Figure 79 . Although two operations were studied, only
one (Dump No. 2) provided the data needed for a comparison of
elutriate test results with those of the disposal operation.
The results of that operation, taken from Lee et gi.Bl are

presented below.
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Texas City Dump No. 2

Texas City Channel Dump No. 2 occurred at 10:14 on
October 10, 1975. The surface turbid plume arrived at 10:18
and passed at 10:21. Disposal occurred approximately 40
meters off the bow of the sampling vessel. The current read-
ings were 0.1 knots (5 cm/sec) and 0.2 knots (10 cm/sec) in
surface and bottom waters, respectively. Approximately 765
cubic yards of material was dumped.

Optical properties. Figure 106 presents percent

transmission data from the second Texas City disposal opera-
tion. 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 hour. Secchi depths were recorded at 9:22
(prior to disposal) and 22 minutes after Texas City Dump No.
2. The initial Secchi depth was 3.0 meters; after disposal
it was 2.5 meters.

Dissolved oxygen. Figure 107 shows that D.0. de-

creased at 2 and 10 meters just after the second Texas City
dump. At the other depths there was no detectable change
in the D.0O. levels. The concentration at the 2 meter depth
returned to pre-disposal level minutes after disposal, while
at the 10 meter depth it stayed below the pre-disposal level.

Readings were taken only twice at the 9 meter depth
and are not depicted on the figure. At 10:07 the reading was
6.9 mg/l at 9 meters. At 11:07 it was found to be 5.5 mg/l.
Dissolved oxygen levels at 10 meters at those times were 5.2
and 4.6 mg/l, respectively. These readings indicate that
depletion of oxygen occurs in the bottom two meters of the
water column.

Heavy metals. Analytical results for heavy metals

are presented in Table 333 . With the exception of nickel,
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there were no obvious changes in heavy metal concentrations

as a result of disposal. Nickel increases were observed,
although only at bottom depths. Elevated nickel levels
however, began to decrease some five minutes after the plume
reached the sampling location. In this period, nickel in
surface samples also decreased, even though no initial re-
lease had been observed. Five minutes after the turbid
plume reached the sampling location, concentrations had de-
creased approximately 9 pg/l from the pre-disposal levels.
The concentration of manganese measured at 10:15:50 at 10.5

meters was 838 ug/l, and the concentration of iron at

10:14:15 at 8 meters was 459 pg/l. These values were well
outside the concentration ranges of these metals during this
dump and, as these samples were not taken in the turbid plume,
it is suspected that the high values were due to contamination

during collection or handling.

Nitrogen compounds. Table 334 presents

the results of organic N and ammonium analyses of
Dump No. 2 samples. In Figure 108 ammonium concentrations

are plotted against time. Release of ammonium in the bottom
water was observed, but the concentrations in the overlying
water remained below 0.05 mg N/1 except for one sample each of
surface and mid-depth water. From the figure, it appears that
a statistically significant amount (1.86 mg N/1) of ammonium
was present in the water at 10:15:50. However, this concen-
tration persisted at the sampling location for less than one
minute. Organic N was apparently released in the bottom waters
as a result of the disposal operation but returned to ambient
levels 13 minutes after the surface turbid plume arrived at

the sampling location. 1In the surface and mid-depth water, no
discernible pattern could be observed.

Phosphorus compounds. Concentrations of soluble

orthophosphate are presented in Table 335. There appears

745




Table 334

Organic N and Ammonium Concentrations: Texas City

Dump No. 2 near Buoy By, Dredged Materials

from Texas City Channel Turning Basin

Time of Depth Organic N Ammonium
Collection (m) (mg N/1) (mg N/1)
(hr:min:sec)

9:58:3@ L @55 < 0505

9:58:45 8 s 1.0 < 0.05

9:59:00 10.5 <0.05 0.11

10: 01 =45 AL 0k 59 < 0.0
10:02:00 8 0.07 < 10,05
10:06:45 145 - < 0,05
10:14:00 - Dump occurred.
10:14:00 a5 - < 1005
10315 8 - < 0,05
1014425 BES - < 10,05
LOsL5 £50 RS - 1.86
LG 216200 8 - < 0.05
107 16/2 15 1E5S) - < (0408
10:16:30 L0S - 0.66
10:16:45 8 - < 0.08
L BT 25 10.5 - 0.73
10:18:00 - Surface turbid plume
arrived at sampling
location.
103 L& 200 L5 031 < 0.05
L0 E8ZS 105 0,858 027
10:19:00 LeS - < 0.05
A E D 4, 10%5 101 0 77
10:19:40 3 @t Lk < 0,085
L0 LY $55 S 012k < 005
19:20%1L0 10%5 ~ 0,81

(Continued)
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Table 334 (Continued)

Time of Depth Organic N Ammonium
Collection (m) (mg N/1) (mg N/1)
(hr:min:sec)

10:20); 30 8 - 0107

10:20: 50 18 <0%08 0.05

10:21:00 - Surface turbid plume passed
sampling location.

20321 510 afolRs - 0157

107521 550 S - <0.08

10:22:05 L0S - Q.18

X0:22 45 TS - <0.05

LO 223215 105 - el

LU 23 S 8 (Bl bl <@k 05

18R L A 1S - <0.06

L0 Y24 23S LS OF AT 0.49

20 ¢25:00 8 - <0.05

1025340 L& - <005

10:26:10 oS - Qs

Y0262 8 - <0.05

LU226E8S 20«5 - 075

1027340 LS - <0.056

1027255 8 - <0.05

028510 L05LS = 0.64

10:29:45 8 = <0.05

10:30:10 LS - 0.4y

10:30:50 10: S < 0L0G 081

10:31:8% 1.6 < 0.0 <0.08

10231255 8 - <0.05

10 32:18 10.5 - Q.52

10:34:45 8 - <0.08

10:36:49 10,95 — Q33

(Continued)
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Table 334 (Concluded)

Time of Depth Organic N Ammonium
Collection (m) (mg N/1) (mg N/1)
(hr:min:sec)

20:39: 15 Bl - <0.05

183930 8 - <0.05

L0 39 650 105 - 0.39

L0:42:45 TS - <0< 05

10:43:10 8 0.07 <0.05

10:43:30 205 - 0.25

10:48:00 USRS 0+ 87 <0.05

10:48:30 8 <0, 05 <0.05

10:49:00 .S <. 05 0.19

102 5%:50 1.8 - <0.06

10:595:1% 8 - <0.05

10:55:50 10.5 - 0.18

2L QL TR0 L0 S - 0.10

1 o 10.5 - 0.19

L3t 30 RO 0.08 0.16

2E:17:30 L<b 0.07 <0.05

0 & 8 - ey 8 QL9 <005

A 1 B EUS - 018

11:32:40 105 - 0.25

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 mg P/1 to 0.11 mg P/1) to
0.044% mg P/1 about four minutes after the arrival of the
surface plume. They increased about 1.8-fold 26 minutes
later but decreased to 0.049 mg P/1 in another 30 minutes.
Prior to the decrease in percent light transmission

| at mid-depth (Figure 106), soluble ortho P concentrations
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Table 335
Soluble Orthophosphate Concentrations: Texas City Dump
No. 2 near Buoy B,, Dredged Materials from Texas
City Channel Turning Basin
e e e At e e e e et Wt . . et

(Octobear 10, 1978)

Time of Depth soluble Orthophosphate
Collection (m) (mg, P/1)
(hr:min:sec)

9588530 L g.a7a
Y Bl B -
}:59:00 Wy 002
LO:OLl:4d L2 0. LU
10:02:00 8 0.1038
|83 B0 2 b LGS 0.09

10:14%:00 - Dump occurred.

0.084

POy k&8s 28 LU s 0 0%
N B S L Les U~ 599
LO:16:10 ) 85018
LG 1645 8 0 0SS

L0:18:00 - Surface turbid plume arrived
at sampling location.

1G:18:00 0| 0. 090
L L8 26 L 5 0.1786
L0 2 kS XO L0 S Q.084%
LO:19:40 8 U, 141
LUs10: 55 | 0. 061
LU 205 10 3 ¥lo R 0350
T0820:50 O 0.062

10:21:00 - Surface turbid plume passed
sampling location.

9 800 B O 1 LU ¢ D 0.004
10:21:80 10 D.054

(Continued)
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Table 335 (Concluded)

Time of Depth Soluble Orthophosphate
Collection (m) (mg P/1)
(hr:min:sec)

10:22:45 155 0.0u4Y4

10:23:45 8 0.076

1024 :38 108 0.167%

10:25:00 8 0.049

28:26 335 1 {3 0.086

LU 27285 8 0.049

10:29:45 8 0.077

10:30:50 105 0. 1319

10:31 235 1:5 0.045

10:34:45 8 0. 088

£0:38 110 LS 0.070

10: 39250 LS Uis U6y

10:43:10 8 0108

183 <30 L0 S @i 138

10:48:00 LS 0. 079

10:48:30 8 00221

10:49:00 10.5 0.041

10k 394950 10 S 0L 070

110110 i o 0.076

L L2 QT v 25 105 Qb2

LEsL3:30 105 0.064

11:17¢30 LD 0.049

11:183:00 8 0.042

dLs18 LS L0 «5 0.026

11l:32:%0 105 0,083

Soluble ortho P
of one sample.

Dash

concentration

(-) indicates no data av

s based on

ailable.

19k

a single analysis

v




varied between 0.019 and 0.108 mg P/1. The concentration at
mid-depth was greatest (0.141 mg P/1) in the sample collected
during the lowest percent light transmission. It decreased
to 0.049 mg/l when the percent light transmission increased
back to ambient levels. After the percent light trans-
mission returned to and remained at ambient levels (v12:25:00),
soluble ortho P fluctuated between 0.021 and 0.105 mg P/1
without an apparent pattern.

Before the reduction in percent light transmission
in bottom waters, soluble ortho P concentrations varied from
0.067 to 0.097 mg P/1. Coincident with the decrease in per-
cent light transmission, soluble ortho P concentrations
increased to 0.559 mg P/1. For the duration of the sampling
period, the concentrations fluctuated between 0.04%1 and 0.350
mg P/1. There was no apparent correlation between these
levels and percent light transmission. The final three samples,
which were collected about 45 minutes after the disposal,
showed about the same concentration as had been found at the
onset.

Organic compounds. Seven composites of subsamples

collected before, during,and after the passage of the surface
turbid plume were analyzed for soluble TOC and ©il and grease.
One composite was made from subsamples collected before the
plume arrived. Subsamples collected during the plume were
used for Composites 2 through 5. Two composites were made
from subsamples collected after the plume passed. The com-
posites were centrituged at 9000 rpm for 10 minutes to remove
particulate matter but were not subjected to filtration in
order to avoid the loss of 0il and grease due to adherence

to the filter. It is assumed that the TOC and oil and grease
concentrations represent the soluble fraction of these two

parameters.




Table 336 shows that concentration of TOC in the
sample composited before the arrival of the plume was 21.8
mg/l. The TOC concentrations in Composites 2 through 5
ranged from 15.2 to 27.2 mg/l with an average of 20.7. The
two post-plume composite samples contained 26.1 and 26.4 mg/1l

[0C, respectively. The o0il and grease content before the plume

Table 336

Carbon and 011 and Grease in the Water Column:

Texas City Dump No. 2% near Buoy By
(October 10, 1975)

Composite®® Time Soluble 0il and
Number (hr:sec) TOC Grease
(mg/1) v
1 10:06 to 10:16 21:8 5.9

Surface turbid plume arrived at sampling location.

2 L IR ne Leil? 20.8 Tl
3 1018 to LOn22 1947 4.8
I 10:24 to 10:26 Lo, 2 8.6
S E@edd o Ll sl 27.2 6.1

Surface turbid plume passed sampling location.

6 L0Hso to 1089 26.1 5

~3

10842 ta L0:8% 26. 4 S b

*Dredged material from Texas City Turning Basin.

®#%Two liters were composited from subsamples collected during
the time cited. Composite samples were centrifuged for 10
minutes at 9000 rpm to remove particulate matter. Composites
were not filtered.
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arrived was 5.9 mg/l. During passage of the plume, 0il and
grease concentrations fluctuated from 4.6 to 8.6 mg/l with
an average of 6.6 mg/l. The two post-plume samples contained
7.5 and 5.7 mg/l, with an average of 6.6 mg/1l.

Statistical analysis of variance was run on the
Texas City TOC and oil and grease data. The results indi-
cated no significant difference at a 95 percent confidence
level between concentrations of these two parameters before,

during, 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 obtained from this site. This is an area which is
usually maintained by pipeline dredging. Figure 79 shows the 1
sampling location.
On September 10 and September 20, 1975, samples were
taken from the pipeline dredge discharge from a dredge opera-

tion in the Galveston Channel near the Yacht Basin. Several

b

samples were taken on each day. The samples collected on
each of the two days were composited so that there was one
composite pipeline discharge sample for each sampling date.
General Sediment Characteristics and Oxygen Demand
Values for Eh and sulfide presented in Table 337
were considerably higher in the CGCalveston Channel sample than
in the GBEC Buoy 1 sample.

Oxygen demand tests were run with three different
volumes of Galveston Channel sediment: Y ey 3 cos and 2 .
The purpose of running three sets on one sediment was to
determine the effect of different sediment volumes on the up-
take per cc of wet sediment. The time of 30 minutes was used
for comparison. Table A29 of Appendix A shows that the § cc

sample depleted the oxygen in 45 minutes. The oxygen uptake

per cc (Table 337) for the 5 cc sample was 0.45 mg O,; for
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the 3 cc sample it was 0.47 mg O0,, and for the 2 cc sample

it was 0.50 mg O, in the first half hour. This indicates

that oxygen uptake should not be noticeably affected by

sediment volume tested if it is within the range of 2 to 5
cc. The oxygen demand for a cubic meter was 5.9 x 10° g 0,3 |
| for the first hour it was 1.28 mg O, per gram dry weight.

Figure 109 is a plot of the data for the oxygen demand

| test on Galveston Channel sediment. All three sample sizes

had slopes with fast and slow components. The fast component
S o = e =l
slopes were -0.018 mg/l O, min ~, -0.025 mg/l O, min ~, and

. T 5 > 1
0.060 mg/1l 0, min for the 2¢e¢, 3cec, and & cc samples,
respectively. The slow components were (also respectively)

.o=1 o =1 w
-0.004 mg/1 O, min =, -0.008 mg/1 O, min ~, and -0.028 mg/1l

L " -
02 min ~. These slopes showed no correlation between uptake

rates and volume of sediment. v

Elutriate Test General Parameters

One 20 percent oxic elutriate test was run on Gal-
veston Channel sediment and water collected on August 29, 1975.
Values of the general physical and chemical parameters measured
during the 20 percent oxic Galveston Channel test are presented
in Table 338. The D.0. decreased from 11.2 mg/l in the site
water to 4.2 mg/l in the elutriate. Based on elutriate test
results, the oxygen demand of this sediment appeared to be
gimilar to that of Morgan's Point and Texas City Channel (TCC)
Site 1 sediments (discussed elsewhere in the report). The pH
remained unchanged after elutriation. Turbidity increased
from 4 NTU (site water) to 38 NTU in the elutriate. This

water (and resultant elutriate) was among the most saline of

the Texas Gulf Coast samples collected. Specific conductance
was 33,000 umhos/cm in the site water and elutriate.
Heavy Metals

Table 339 shows the total concentrations of selected
heavy metals in the sediment sample collected in the Galveston

Channel on August 29, 19765, The sediment had particularly
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high manganese, arsenic, zinc, and iron concentrations. Con-
centrations of zinc and arsenic, 96.8 and 11.2 mg/kg, respect-
ively, were in excess of the US EPA criteria for the accepta-
bility of dredged scdimcnts.lﬂ These concentrations may be
compared with the total heavy metals found in the sediment
phase of composite pipeline dredge samples collected from an
operation which was working the same part of the channel
(Table 339). Concentrations of all metals in these pipeline
discharge samples were lower than those found in the sediment
sample taken directly from the channel bottom. Manganese and
zinc concentrations were half those seen in the sediment,
though still high. Arsenic concentrations in the pipeline
discharge were a fraction of the sediment concentrations,
while mercury concentrations were 8 to 9 times higher than

the sediment concentration. These differences may be due to
release of metals from the sediment during the dredging opera-
tion or to differences in the metals composition of sediments
along the channel.

Table 340 shows the results of metals analysis of
the site water and elutriate from a 20 percent oxic elutriate
test with the sediment collected from the Galveston Channel.
There was substantial release of manganese in the test. The
site water contained 72 pg/l manganese, and the elutriate con-
tained 1900 pg/l1 manganese. 4Zinc and mercury were also re-
leased. The site water contained 10.7 ug/l zinc and 0.007 ug/l
mercury. There were no significant changes in concentrations
of chromium, nickel, cadmium, lead, iron, or arsenic as a
result of elutriation of this sediment.

The results of this elutriate test are in agreement
with those of others performed in this study. The release of
metals during the test did not correspond to the bulk metal
composition, in that manganese and zinc, which existed in high
concentrations in the sediment, were released, while mercury,

which was found in a fairly low concentration in the sediment,
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wds also released in the test. Iron content in the sediment

was very high, but iron was not released in the test.

Nitrogen Compounds

The results of nitrogen compound analyses for the
Galveston Channel elutriate tests are presented in Table 341,
Only one 20 percent oxic elutriate test was performed. Organic
N and nitrate concentrations decreased as a result of elutria-
tion. Ammonium release was comparable to the release obtained
trom TCC-1 sediment but higher than the release obtained from
Galveston Bay Entrance Channel sediments.

Phosphorus Compounds

Table 342 presents the total phosphorus concentra-
tions of the Galveston Channel sediment samples collected for
an elutriate test. The concentrations in the two pipeline
samples were approximately the same and contained about half \
the total P found in the Galveston Channel sediment sample.
The Calveston Channel site water orthophosphate concentration
(Table 342) was about the same as that found in the Texas
City Channel Sites 4, 5, and 6 site waters. It can also be
seen that the elutriation with the Calveston Channel sediment
caused little change in the soluble orthophosphate concentra-
tions of the water.

Organic Compounds

A 20 percent elutriate test was run on sediments
collected from an area in the Galveston Channel near a pipe-
Line dredging operation. An effluent sample from the pipe-
line discharge was also obtained. Pipeline effluent was
centrifuged, and the sediment and water phases were analyzed.
I'he analytical results for the elutriate test and the pipe-
line samples are presented in Tables 343 and J3uk. The total
organic carbon of the Galveston Channel sediment (0.9 percent)

was slightly higher than the 0.8 percent found in the pipeline

; discharge sediment phase. Both sediments contained aldrin,
] DDT compounds, and lindane in concentrations of 2.6 up/kg or
%
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Table 341l

Nitrogen Compound Concentrations: Galveston

Channel Elutriate Test

(mg N/1)

Sample Organic N Ammon1um Nitrate
Designation g SD* T Sp* T SD**
Site Water 0.30 0.08 0.08 0 @.10 0.02
20% Oxic <0.05 0 7236 0.10 008 0,01

*Mean and standard deviation calculated from duplicate
analyses.

#%Mean and standard deviation calculated from triplicate
analyses.

Table 3u2

Total Phosphorus Concentrations: Galveston Channel v

Discharge Samples and Elutriate Test

Sample Designa- Total Phosphorus® Soluble Ortho P#*#
tion and Collec- (mg P/Kg dry wt.) (mg P/1)

tion Date (1975) N sD X SD
Galveston Channel 696 17 - -

Pipeline Discharge:

September 10 362 12 - -

September 20 340 y - -

Elutriate Test:
Site water = 7 0.17 0.002

20% oxic - - 0.16 0.002

Dash (=) indicates not applicable.

*Mean and standard deviation calculated from duplicate analyses
of one sample.

®%Mean and standard deviation calculated from triplicate analyses
ot one sample.
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Table 343
Data for Organic Compounds: Galveston

Channel Pipeline Dredged Material

Parameter Sediment Elutriate
(wg/kg) _“ — (nglily

Chlorinated Hydrocarbons
Alcrin 09 20
op'DDT 1.2 <3.0
pp' DDT 23 <3.0
op'DDD <l.4 <2.0
pp'DDD <N K <2.0
op'DDE l.4 S 2510
pp'DDE 0.9 <2.0
Dieldrin <0. 8 Sl
Endosulfan 1 <09 L 7 v
Endosulfan II <39 <y Y
Endrin %12 <1.6
He - - achlor <g.3 <0k
Li;...ane 0.5 8.7
PCBs 86 78

Other Organic Compounds
0il and Grease 194 mg/kg 0.9 mg/l
Total Organic Carbon 0.8 % NT
Total Inorganic Carbon 0.5 % NT

NT = not tested.
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Table 3uh
Data for Organic Compounds: Galveston

Channel Elutriate Test

Parameter Sediment Water Elutriate |
S e T T Gue/kg) T (ng/D) (ng/1)
Chlorinated Hydrocarbons:
Aldrin Qi 6.9 35.1
op'DDT <1.8% <30 < 3.0
pp ' DDT 2.9 <3.0 < dnlll
op'DDD ST <7.0 < 2.0
pp'DDD SLoH <2 < 2.0
op'DDE <1k <2.0 < 2.0
pp'DDE 2.9 <2.0 < 2.0
Dieldrin <0.8 <1.2 £33 v 1
Endosulfan I S <l.2 <02
Endosulfan 11 <3.9 B4 S Bab
Endrin SR <1,6 i
He: “achlor <0.3 <0.4 < 0.4 ]
Lir.dane i 3.4 14.3
PCBs 33 171 261

Other Organic Compounds

0il and CGrease 437 mg/kg NT NT
Total Organic Carbon 0.9% NT NT
Total Inorganic Carbon 0.3% NT NT

NT = not tested.




less. The pipeline discharge sediment contained PCBs at a

concentration of 86 ug/kg, while the Galveston Channel sedi-
ment PCB value was 33 ug/kg.

Galveston Entrance Channel water contained lindane
and aldrin at concentrations of 3.% and 6.9 ng/l, respectively.
These two compounds were released in the elutriate; concen-
trations were 14.3 and 35.1 ng/l, respectively. The pipeline
discharge supernatant contained lindane and aldrin at con-
centrations of 8.7 and 20 ng/l. Though the elutriate showed
more release than the pipeline discharge supernatant, it should
be remembered that the elutriate test was run at 1:19 sediment-
to-water ratio. None of the DDT compounds detected in either
sediment was released.

The elutriate test showed a 53 percent release of
PCBs. The concentration of 171 ng/l in the water increased to
261 ng/l in the elutriate. In the pipeline discharge super-
natant a concentration of 78 ng/l was found; this represents

54 percent sorption.

Houston Ship Channel

Characteristics of Sampling Site

The Houston Ship Channel (HSC) is one of the major
shipping and industrial areas on the Gulf of Mexico. Figure
110 depicts the channel, as well as the three HSC sampling
sites. On April 21, 1976, UTD staff took sediment and water
samples for elutriate tests from these sites. The sampling

boat used was the Erin Leddy Jones, a 53-foot research vessel

belonging to the University of Texas Biomedical Institute. A

Ponar grab sampler was used to take the sediment samples, which
Ll

were sealed in five-gallon plastic buckets. Surface water sam-

ples were taken at each sediment site with a rope and bucket.

These were stored in 13.5-gallon or five-gallon plastic carboys.

Hydrolab profiles of D.0., temperature, pH, and specific con-

ductance were run at two-meter intervals at Sites 1 and 3.
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At HSC Site 1 (furthest up the channel and near the
US Gypsum Plant), two five-gallon buckets of sediment and one
13.5-gallon surface water sample were collected. HSC Site 2 |
was on the south side of the channel between 0Olin-Matheson

and Phillips 66. Three five-gallon sediment samples and one

13.5~gallon and one five-gallon surface water sample were
collected at this site. HSC Site 3 was located near Buoy 87 in

the channel in Galveston Bay. This area was relatively un-

polluted compared to Sites 1 and 2. Two five-gallon sediment
‘ samples and one 13.5-gallon water sample were collected at
| this site. All sediment and water samples were iced down and
sent to UTD by van, where they were stored at 4°C until elu-
triation.

<

General Sediment Characteristics and Oxygen Demand

|

t The sediment samples taken from these sites in the

! HSC were analyzed for Eh, sulfide concentration, percent dry
weight, and particle size distribution. The data presented

‘ in Table 345 show the Eh of the samples was found to be -96 mv
} for HSC Site 1, -137 mv for HSC-2,and -104 mv for HSC-3. The

redox conditions of the sediments were similar. The mean sul-

fide concentrations were found to be very high at HSC-1 and 2,
l 2962 mg/kg with a standard deviation of 78 and 3483 mg/kg with
‘ a standard deviation of 291, respectively. The sulfide con-
centrations of these two sites cannot be considered signifi-
cantly different. HSC Site 3 had a much lower mean sulfide
concentration, 633 with a standard deviation of 35. Percent
dry weights were 34 percent for HSC-1, 28 percent for HSC-2,
and 44 percent for HSC-3. Particle size analysis was per-
formed only on HSC-1 and HSC-3 sediment. It was determined
that Site 1 sediment was 35 percent clay, 22 percent silt, and
42 percent sand, while Site 3 sediment was 35 percent clay, 39
percent silt, and 26 percent sand.

[he oxygen demand data for the Site 1 sediment sample

is presented in Table A30 of Appendix A. The standard
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; deviation between the four runs ranged from 0.1 to 0.3, indi-
cating good reproducibility. The sediment was found to have
an oxygen demand of 5.8 x 102 g 0, per cubic meter, and 1.42
mg O, per gram dry weight for the~first hour (Table 345).
There were three runs of the oxygen demand tests on
HSC-2 sediment. The range of standard deviation, 0 to 0.3
(Table A31 of Appendix A) indicated good reproducibility.
HSC-2 sediment oxygen demand was 6.0 x 102 g O2 per cubic
meter and 1.80 mg O, per gram dry weight (Table 345). These
values are higher than those seen for Site 1 sediment. The
plots of the data from these two sites are presented in
Figures 11land 112. They both showed two-component slopes.
The fast components were -0.012 mg/l min“l and -0.020 mg/1l

sl . .
min for Sites 1 and 2, respectively. The greater slope seen

in the plot of HSC-1 demand was expected due to the higher
oxygen demand. J
Table A32 of Appendix A presents the sediment

oxygen demand of Site 3 sediment. The data for the HSC-3

.

sediment exhibited a marked difference from those of sediments
from HSC~1 and 2. The range of the standard deviations between H
runs for Site 3, 0 to 0.2, indicated good reproducibility. The

first hour oxygen uptakes (Table 345) were lower: 5.2 x lU:
g O, per cubic meter and 0.88 mg O, per gram dry weight. The
plo; of the data, Figure 113 had a-fast component slope of
-0.031 mg/1 min_l and slow component slope of -0.007 mg/l min—l
The greater slopes for HSC-3 sediments may be attributed to the

use of a 3 cc sample.

Elutriate Test General Parameters

On April 21, 1976, sediment and water samples were
collected at two locations in the HSC (HSC-1 and 2). A third
set of samples (HSC-3) were also collected in Galveston Bay
near the mouth of the HSC. On April 29-30, duplicate 5 per-
cent oxic and 20 percent oxic and 20 percent anoxic elutriate

tests were run on HSC-1 samples. Duplicate § percent oxic,
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20 percent oxic, and 20 percent anoxic elutriate tests were
run on HSC-3 sediment and water.

In addition to the duplicate 5 percent oxic and 20

percent anoxic elutriate tests run on Site 2 sediment and

water, five 20 percent oxic tests were also run. The purpose

of running the five tests on one set of samples was to better

assess the reproducibility of the elutriate test procedure
ard possibly determine why some of the replicate tests pre-

viously run did not yield reproducible data. To assess the

reproducibility of the plop test with regard to varying total

elutriate volumes (2, 4, and 8 liter), three plot tests (20
percent sediment by volume) were run on the HSC-2 sediment.
Since the plop test was designed to be a more appropriate

{

method for assessing chemical contaminant release during open-

water barge disposal operations, Llliott Bay water, which more

closely approximated the Gulf of Mexico waters than did the
Galveston Bay waters, was used for these plop tests.

The values for the general physical and chemical

parameters measured during elutriate tests on HSC Site 1 sedi-

ment and water are presented i Table 346, The D.Q. concen-

trations during mixing of the 20 percent oxic tests were low,

less than 3 mg/l. These concentrations decreased to 0.b and

0.5 mg/l during the settling period, which indicated that the

sediment had a fairly high oxygen demand. The D.0. levels

higher during mixing of the % percent oxic tests as there was

less sediment exerting a demand. The D.0. concentration de-

creased about 1.5 mg/l (to 4.5 and 5.2 mg/l) during settling.

The D.0. in the anoxic tests remained below 0.5 mg/l during
the settling period.

he pli remained essentially unchanged after all
elutriate tests. The turbidity increased to about the same
level in dall elutriatesy vdlues ranged from 7¢ to LS50 NTU.
gpecific conductance increased slightly (to 3700 umhos/cn

25°C) as a result of 5 percent oxic elutriation. 'he 20 pe

elutriate values were greater, ranging from 420 to 080 pmhos

TT4
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Table 347 presents the values of the general
physical and chemical parameters measured during the elutriate

tests on HSC Site 2 sediment and water. The initial D.0. of

i

this site water was lower than the HSC Site 1 concentration

as well as those typically found at other sites studied for

this report. The pH of this water was slightly lower and

the specific conductance higher than those values found in
the HSC Site 1 water.

Judging from D.0. concentrations during the 5 and

20 P(‘l'k‘('”t oxic tests, the oxygen demand of this sediment

appears to have been about the same or slightly greater than
that of the HSC Site 1 sediment. The initial D.0. concen-
tration (which was measured Immediately after combining

the sediment and water) in each 20 percent test was less than

0.5 mg/l. After mixing, 20 percent test D.0. levels increased
from 2 to 2.5 mg/l, but they decreased to less than 1 mg/1

after settling. The anoxic tests remained anoxic throughout

the settling period.
The turbidity increased to about the same level in

both the 5 percent oxic and 20 percent anoxic elutriates, which

had values ranging from 55 to 85 NTU. In the oxic elutriates,

however, values were all above 1000 NTU. The pH (7.4 in the site

water) rose to about 8 as a result of elutriation under all

conditions.
The specific conductance decreased as a result of

5 percent oxic elutriations: it increased slightly after anoxic
elutriation. The greatest change in specific conductance was
found in the five 20 percent oxic tests, where the values in-

creased to between 7150 and 7360 umhos/cm @ 25°C. In general,

the physical and chemical parameters measured were well replicated

in the replicate elutriate tests.
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The values of the general physical and chemical
parameters measured during the HSC Site 2 plop tests are also

reported in Table 347. In general, these values were well

replicated in the three tests. The D.0. content after settling

appeared to decrease slightly with increasing total elutriate
volume; the range was 8.0 to 8.8 mg/l. The pH remained vir-
tually unchanged in all three tests as a result of elutriation.
Turbidity increased from 0.5 NTU in the site water to 53 to

68 NTU in the three elutriates. The specific conductance and
salinity showed a slight decrease after elutriation with a

2 liter total volume, no change with the 4 liter volume, and

a slight increase with the 8 liter volume. The range of elu-
triate specific conductance values was less than 1500 pmhos/cm,
which corresponded to a 1 ®/00 salinity spread. These plop
test results are not directly comparable to the standard elu-
triate test results since different site waters were used.

Presented in Table 348 are the values of the general
physical and chemical parameters measured during elutriate
tests on HSC Site 3 sediment and water. This site water had
the highest D.0. content, pH, and specific conductance of the
three HSC water samples. This is to be expected because the
sampling site was near the mouth of the channel but actually
in Galveston Bay.

The D.0. levels present during the HSC-3 five percent
oxic elutriate tests were generally slightly higher than those
found in the HSC Site 1 tests. Although the D.0. concentra-
tion after mixing of the HSC-3 20 percent oxic tests were
higher than the corresponding levels in HSC-1 and 2 tests, the
levels present after settling were less than 1 mg/l.

The pH increased slightly (from 7.8 to 8.1) as a re-
sult of elutriation under all conditions. Turbidity also in-
creased to about the same level in the elutriates; elutriate
turbidity values ranged from 32 to 92 NTU. The specific con-

ductance and salinity values appear to have increased slightly

T8
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as a result of elutriation. Specific conductance values in

the elutriates ranged from 21,900 to 22,700 wmhos/cm compared

to the site water value of 21,600 umhos/cm.

Heavy Metals

The concentrations of selected heavy metals in sedi-
ment samples at the three sites in the HSC are shown in Table
349, Two sample buckets taken in Site 2 were analyzed be-
cause each was used in a different set of elutriate tests.
The data show that for most metals, the sediment from Site 3
is relatively uncontaminated compared to those from Sites 1
and 2. Concentrations of iron and arsenic were equivalent in
all samples. The Site 3 sediment contained two to four
times more manganese than the Sites 1 and 2 sediments. The
sediments from Sites 1 and 2 were generally comparable in
concentrations of all metals.

Zinc and mercury concentrations in the Sites 1 and
2 sediments ranged from 15.5 to 29.8 g/kg and from 0.313 to
0.740 mg/kg, respectively. HSC-3 sediment contained 0.1 g/kg
zinc and 0.090 mg/kg mercury. Sites 1 and 2 sediment cadmium,
chromium, copper, and lead concentrations were similar. Copper
concentrations were three to eight times higher than those at
Site 3. Nickel concentrations in the Sites 1 and 2 sediments,
25.7 and 23.6 mg/kg, were only slightly higher than in the
Site 3 sediment, 19.6 mg/kg. Concentrations of iron and
arsenic were comparable in sediments from all three sites and
ranged from 19.0 to 20.0 g/kg 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 1 elutriate tests (Table 350) produced no
change in lead, chromium, or mercury concentrations. There
were losses of cadmium, zinc, nickel, copper, iron, and arsenic,
but the degree of loss did not seem to be related to percent
of sediment used or to the type of test (i.e., oxic or anoxic).

Cadmium decreased from 1.1 pg/l to <0.5 ug/l (detection limit)
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in all 20 percent tests. Zinc in the site water was 35.2 ug/l

and in all but one elutriate ranged from 14.5 to 20.1 ug/l.
In the 20 percent oxic elutriate B, zinc was 48.2 pg/l. Nickel
decreased slightly in all tests, from 13.6 pg/l in the site
water to a range of 10.2 to 12.7 pg/l in the elutriates.
Copper -decreased from 5.0 upg/l in the site water to 1.4 to
3.3 ug/l in the elutriates. Iron showed the greatest decrease
in the 5 percent oxic and 20 percent anoxic elutriates. The
site water contained 339 ug/l, and these elutriates contained
210 and 274 ug/l iron. Arsenic decreased to below detection
limit (2 ug/l) in one of the 5 percent oxic elutriates (from
3.6 ug/l in the site water). The other elutriates showed from
2.1 to 3.0 ug/l arsenic. Manganese increased from 76 ug/l in
the site water to 121 and 130 ug/l in the 5 percent oxic and v
to 179 and 195 ug/l in the 20 percent anoxic tests. The 20
percent tests, however, contained 43 and 57 ug/l manganese.

Metal analysis results for the HSC-2 elutriate and
plop tests are presented in Table 351, There was a loss
from solution of zinc in all tests. Site water 2A used for
the elutriate tests contained 182 pg/l zinc and the elutriates
contained 16.4% to 143.9 ug/l zinc. The range in the five rep-
licate 20 percent oxic tests was 28.2 to 143.9 ug/l zinc.

The pattern with the rest of the metals was not
distinct. Chromium concentrations did not change. Some of
the tests showed slight or large release and others showed
uptake from solution. Replicates of the 5 percent and 20 per-
cent oxic tests did not agree well. The plop tests showed
the same general variation as the standard elutriate tests.

The most significant changes in metals concentra-
tions resulting from these tests were in manganese and mer-

cury. The site water for the elutriate tests contained 352

ug/l manganese. The 20 percent oxic elutriates and one of the
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5 percent oxic elutriates showed release of manganese. They
ranged in concentration from 646 (the 5 percent oxic replicate

A eiutridte) to 1340 ug/l manganese (the 20 percent oxic A
elutriate). The 20 percent anoxic elutriates (218 and 345 ug/l)
and 5 percent oxic replicate A (92 ug/l manganese) contained less
manganese than did the site water. There was apparent release of
mercury in three 20 percent oxic replicates, one 5 percent oxic

A replicate, and the 4 liter plop test. The elutriate test

site water contained 0.047 ug/l mercury and the 20 percent oxic
A,B, and C replicates ranged from 0.191 to 0.248 pg/l mercury.
The 5 percent oxic A elutriate and 4 liter plop test solution
contained 0.057 and 0.154 ug/l mercury, respectively.

The Site 3 elutriates showed less variation in metal
concentrations. Table 352 shows little change if any in concen-
trations of chromium, cadmium, lead, mercury, and arsenic.
Released in all tests, manganese ranged from 33 ug/l in the site
water to a range of 1654 (5 percent oxic B) to 4951 ug/l (20
percent anoxic B) in the elutriates. This was expected because
this sediment had the highest manganese content of the three.
Copper decreased in all elutriates (from 3.1 ug/l in the site
water) and ranged from 1.7 to 2.9 in the elutriates. There was
some zinc and nickel release in most of the oxic elutriates and
uptake or loss from solution seen in the anoxic elutriates. Iron
was reduced from 6 ug/l in the site water to below the detection
limit (5 ug/l) in the 5 percent oxic elutriates. It was released
to varying degrees in the 20 percent oxic and anoxic elutriates.
These concentrations ranged from 15 to 429 ug/l iron.

It should be noted that while the total metal con-
centration of the Site 3 sediment was quite different from those
of the Sites 1 and 2 sediments, the results of the elutriate
tests were not markedly different with respect to heavy metals
uptake or release. Only in the case of manganese did the
behavior of the metal in the elutriate tests seem to correspond

to the concentration in the sediment.
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Nitrogen Compounds

Sediment samples collected from HSC were analyzed
to determine the nitrogen compound concentrations. The data
are listed in Table 353. HSC-3 sediment had much lower
ammonium and organic N contents than the other two sediments.
HSC-2 sediment had the highest concentration for both parameters.

The nitrogen compound concentrations for HSC Site 1
elutriate tests are listed in Table 35u. The site water
showed a much higher ammonium concentration than that seen in
any other site water studied thus far. In the 20 percent
tests, ammonium release was higher under oxic conditions than
under anoxic conditions. Ammonium release was also a function
of the percent sediment volume in the total elutriate volume.
Organic N concentrations also increased in all the elutriates;
however, the increase was greater under oxic conditions. Ni-
trate decreased as a result of elutriation. The decreases were
greater in the higher sediment percentage tests.

Ammonium and nitrate data for the HSC-2 elutriate

T

and plop test are presented in Table 355. The elutriate

147]

est
site water ammonium concentration was higher than that of the
HSC-1 site water. The ammonium and nitrate data from the five
replicate 20 percent oxic elutriate tests indicate satisfactory
reproducibility. Nitrate concentrations in all the plop test
elutriates (Table 355) increased over that of the site water
used (from Elliott Bay). It appears that the higher ammonium
concentration in the site water might be a reason for greater
release observed in the larger volume tests.

The nitrogen compound concentrations for the HSC-3
elutriate tests are presented in Table 356. The site water
had a lower ammonium concentration than the Sites 1 and 2
water samples. The ammonium release was also less than that
observed from the other two sediments. However, the ammonium
release pattern resembled that seen in the HSC-2 tests; release

was greater under oxic conditions and in higher percent
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Table 353

Nitrogen Compound Concentration: Houston Ship e

Channel Sediment Samples |

(mg N/kg) &

Sample Organic N Ammonium é

Location % sp 2 SD e
HSC-~1 976 36 182 9
HSC-~2 103 51 218 22
HSC-3 221 34 83 17

Mean and standard deviation calculated from duplicate
analyses.

Table 354
Nitrogen Compound Concentrations: Houston Ship Channel
Site 1 Elutwiate Tests

Sample Organic N Ammonium Nitrate
Designation Z SD % SD % SD
Site Water 0.60 (151 e S T G- 04 B.32 001

5% Oxic A = - 6.78 0.04 0.26 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 (0550 S R 001 Ko 0.01
20% Anoxic A 1+.26 G600 Ll 22 0.0 0.12 UL

A and B are replicates.

Mean and standard deviation calculated from duplicate
analyses.

Dash (-) indicates data not available.
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Table 3585

Ammonium and Nitrate Concentrations: Houston Ship Channel

Site 2 Elutriate and Plop Tests
(mg N/1)

Sample Ammonium Nitrate
Designation N SD N -
Elutriate Tests:

Site Water 3.99 0 O<21 001

5% Oxic A 8..0R 0.0Y4 0.16 002

2 B 8 & 0.0k @l 0

20% Oxic A R R A| 0.u42 0.07 U
B 1700 0.14 Qi 17 0.10%
C 16 81 .08 0.07 U
D 16. 08 S I 0.08 U ¢
B LS. 315 007 0.08 0.02

20% Anoxic A 1318 0 1k 0.08 0.01
B 12 .30 0 0. 10 0.0L

Plop Tests:

Site Water < 0aES Vv 033 0.0
(2 1) - - 0.406 0.02
k1) ' 2:76 U 0.43 0.0
(8 1) 6.28 DFCHLE! 0.38 0

A, B, Cy, D, and E are replicates.
Mean and standard deviation calculated from duplicate analyses.

Dash (-) indicates no analysis due to insufficient sample
volume.

*Standard deviation possibly due to analytical error.
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Table 356
Nitrogen Compound Concentration: Houston Ship Channel
Site 3 Elutriate Tests

(mg N/1)

Sample Organic N Ammonium Nitrate
Designation 3 <D g sp g sp
Site Water 0.54 9,14 1.08 0 8.28 0.01

5% Oxic A - - 2,95 (@157 R 0 e 728 6 0 1

B Q.38 0.07 3.0u4 0.04 0.24 0.02
20% Oxiec A <0.05 V0 8o Lk 0 0. 1. 0
B - - 8.62 .08 0.06 Q.01
20% Anoxic A 0.12 0.26 6.50 0..06" 0,10 0
B - - TS 0,18 0.09 0.08
A and B are replicates
Mean and standard deviation calculated from duplicate analyses. v |
Dash (-) indicates no data available.

sediment elutriates. Organic N was highest in the 5 percent
elutriate. Nitrate decreased in all elutriates except the

5 percent replicate A.

Phosphorus Compounds

Total phosphorus concentrations in the sediments
used in the HSC elutriate tests are presented in Table 357,
Site 2 sediment appears to be the most highly contaminated
with phosphorus, Site 3 the least. This would be expected
considering the relative locations of the sampling sites.

Table 358 presents the soluble orthophosphate con-

centrations in the HSC elutriates. As with the sediment total

phosphorus concentrations, the highest HSC site water soluble
orthophosphate concentration (2.1 mg P/1) was found at Site 2,
the lowest (1.2 mg P/1) in the Site 3 (Galveston Bay) water.
As previously discussed, the site water used for the plot tests

was from Elliott Bay. 'he soluble ortho P concentration in

that water was 0.079 mg P/1l.




Table 357

Total Phosphorus Concentrations: Houston Ship

Channel Sediments

(mg P/kg dry weight)

ngple_ Total P
Designation g sD
Site 1 1968 =
Site 2 2936 -
Site 3 546 3

Mean and standard deviation calculated from duplicate analyses
of one digested sample.

Dash (-) indicates a single analysis performed.

The HSC-Site 1 elutriate tests showed uptake of
soluble orthophosphate during 5 percent oxic elutriation.

The approximately 50 percent decrease was from 1.7 mg P/l to
0.97 and 0.76 mg P/l in duplicate elutriates. Both the oxic
and anoxic 20 percent tests showed release of soluble ortho P
upon elutriation. In the oxic elutriates, the increase was
about two-fold; in the anoxic elutriates, it was greater than
five-fold.

There was a substantial decrease in the soluble
orthophosphate concentrations resulting from 5 percent oxic
elutriation with HSC-Site 2 samples. Elutriates contained
about 0.3 mg P/1 whereas the site water concentration was 2.1
mg P/1. The Site 2 20 percent oxic tests, in general, showed
little change in the soluble ortho P concentration. Four of
the five replicates had between 1.9 and 2.9 mg P.l, the fifth
was 0.63 mg P/1. Substantial release was found under anoxic

conditions; elutriate concentrations were 9 and 11 mg P/1.

The HSC-Site 3 sediment showed little soluble ortho-
phosphate release during elutriate tests. Both the § and 20
791




Table 358

Soluble Orthophosphate Concentrations:

Houston Ship Channel Elutriate and Plop Tests

(mg P/1)

Sample

Soluble Ortho P

Designation X SD
Site 1
Site Water Aot 07,0255
5% Oxic A 0.97 0.006
B Q76 0.006
20% Oxic A 20T 0
B 3.8 0.006
20% Anoxic A 9.8 5801
B 9.0 0.035
Site 2
Elutriate Tests:
Site Water 2L 0.015
5% Oxic A 0.32 0.002
B 0.28 0.001
20% Oxic A 0.63 0.007
B 1) 0.006
c 20 0.006
D 2w 0.006
E 2 T 0
20% Anoxic A 11:0
B i) 0.058
Plop Tests®*
Site Water Wik U7 0.001
¢2 1) 0,38 0,009
¢ 1) 082 0
¢8 1) 0l 26 U 010
(Continued)
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Table 358 (Concluded)

Sample Soluble Ortho P
Designation 3 ap

Site 3

Site Water 12 0.006

5% Oxic A D20 0.001

B 0 .32 0.001

20% Oxic A () gl 0.023

B 0.36 0.001

20% Anoxic A i 0.006

B 1.4 0

A and B are replicates.

Mean and standard deviation calculated from triplicate
analyses of one sample.

*Plop tests used Elliott Bay site water.

percent oxic tests showed decreases in concentration as a
result of elutriation. The duplicate anoxic tests showed no
change and a slight increase in concentration above that of

the site water.

Organic Compounds

Duplicate 20 percent elutriate tests were run on
sediment and water samples from HSC Sites 1 and 2. \sually,
in the analyses for chlorinated hydrocarbon pesticides and
PCBs, there is only enough sample to run one elutriate test
per site. The samples from these sites were collected with
the specific objective of obtaining enough sample for dupli-
cate tests to be run for organic analyses.

Results of organic analyses of the elutriate tests
are presented in Tables 359 and 360. In Site 1 sediment,
aldrin, pp'DDT, op'DDE, pp'DDE, dieldrin, lindane, and PCBs

were detected. PCB contamination was high; values of 5208
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Table 359
Data for Organic Compounds: Houston Ship Channel
Site 1 Elutriate Tests

Parameter Sediment Water Elutriate
3 A B A B A B
(ug/kg) (ng/1) (ng/1)
Chlorinated Hydrocarbons:
Aldrin Sk, 7 6.0 <0.6 <0.6 31,8 39,1
op'DDT S8.0 8.0 SBRBNS3 LA K80 s 8.0
pp'DDT 96.8 T8 N30 <300 4906 46.8
op'DDD 9.8 £2.0 <2 0420 <2.0 < 2.0 i
pp' DDD £2.0 2.0 <€2.0 2.0 <2.8 < 2.0 ‘
op'DDE 238,40 2SS s P00 <200 92500 AL9L 7
pp'DDE LT 95+ <$2.0 <20 58.7 S5
Dieldrin 88.8 4.8 S1.2%<1.2% uyy. 6 40.6
Endosulfan 1 < 0.9 SDEORSIING S TR Sl ol e LD i
Endosulfan II I S R P A R P R S LR
Endrin < 1a2 Sle2 sl b <labl < Lob
He - achlor a3 L 0.8 TO.4 <04 S04 < 0.8
Li;. .ane 2.4 SIS L i R o B SO R 230
PCBs 5208 5442 <b <6 AN e I B o)
Other Organic Compounds __ (mg/kg) (mg/1)
0il and Grease 6817 g218 <SU.E <08 738 361
Total Organic Carbon 06 % 0.6% 13 1y 374 158
Total Inorganic Carbon 0.3 % 0.2% 23 21 422 120

A and B are replicates

*Compound detected on two columns.
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Data for Organic Compounds:

Table 360
Houston Ship Channel Site 2

Duplicate 20 Percent Oxic Elutriate Tests

Parameter Sediment Water Elutriate
A B A B B
(ug/kg) (ng/1) (ng/1)
Chlorinated Hydrocarbons:

Aldrin 40.7 S 9.9 5.8 10.7 14%.5
op'DDT £3.0 <3, 00 3.0 <30 <3.0 3.0
pp'DDT 535 80.2 <3,0 - <3.0 7Sk S
op'DDD 78.8 98.8 <2.0 <2.0 23.2 3u4.7
pp'DDD 96 .80 RS 5 a2 0 $2.0 LeLE 20,1
op "BBE 142 .5 L83.8 «2.0 <2.00 H3,6 45,0
pp ' DDE 63.4 90.1 <2.0 <2.0 12.3 17.8
Dieldrin 528 T3l <120 <1.2 21,6  16.6
Endosulfan I <0.9 <09 <2 <1a2 . <12 <1.2
Endosulfan II <304 <34 <y.y <p.y <y,u <y.y
i Endrin 1.2 =2 %15 “L:6 “1.6" =16
He- achlor 43.2 5830, 652 SO 6] S R e
Li:..ane 218 Qsarte 2232 1647 T 8.6
PCBs 77612 8074 57 70 965 779

Other Organic Compounds (mg/kg) (mg/1)
0il and Grease 3881 3388 <0.5 <0.5 44,0 H9.9
Total Organic Carbon 0.5¢ 0.5% 15 18 207 173
Total Inorganic Carbon 0.3% 0.2'% 23 Z 127 130

A and B are replicates.
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and 5442 ug/kg were found in the duplicates. The oil and
grease 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
lindane was measurable above the detection limit.

In spite of the high o0il and grease content of the
sediment, 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 elutriates were 12,322 and
11,188 ng/l.

The Site 2 sediment contained the same pesticides
as the Site 1 sediment: op'DDD, pp'DDD, and heptachlor were
also detected in measurable amounts. The PCB values (7762 and
8074 ug/kg) again were among the highest concentrations found
throughout this study. The oil and grease content was high
(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, aldrin, heptachlor, lindane, and PCBs were de-
tected in measurable amounts. All compounds (except lindane)
which were detected in the sediment were released during the
elutriate test. The PCB concentrations in the elutriates were
high (965 and 779 ng/l) 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 total ammonium nitrogen content for the 20 percent sedi-
ment tests was 13 to 14 mg/l, with approximately 0.15 mg/l
present as unionized ammonia. The total ammonium nitrogen
content for the 5 percent sediment tests was 5 mg/l, with
0.11 mg/l present as unionized ammonia. The data in Table 362

show that no significant changes in the concentration
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Table 3672

Ammonium Concentrations After the 96-Hour Test Period:

Houston Ship Channel Site 2 Bioassay Elutriate

Sample Total Ammonium Unionized Ammonia

Designation pH as N (mg/1) as NHj (mg/1)

Control A 8.0 <18 < 0.0L
B 8.0 020 < 00

5% A 7.9 5.42 02
B 7.9 .71 0.10

20% A g, 2.2 B.37
B 7.6 12 80 0.14

A and B are replicates.

LR O
Temperature 21-C.

of ammonium took place over the 96-hour test period. In
addition, there were initial decreases in the D.0. concentra-
tions and increased levels of turbidity.

The D.0. decreases in the 20 percent sediment tests
after the one-hour settling period necessitated using an
additional 30-minute aeration period to raise the D.0. concen-
tration to a level where additional oxygen demand would not
lower the D.0O. concentration below 2 mg/l. Table 363 shows
that the D.0. concentrations of the biocassay elutriate waters
never decreased to below 2 mg/l over the 96-hour test period.

The results of the heavy metal analyses of these
bioassay elutriates are presented in Table 364. The data
show releases of both iron and manganese. The release of man-
ganese was relatively small: increases were 40 ug/l in the 5
percent test and 80 ug/l in the 20 percent tests. The data
show that large amounts of iron were released to the elutriate

waters with concentrations of approximately 1 mg/l and 2 mg/l
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nt sediment tests, respectively. Copper
3 P 5

in the 5 and 20 perc

(1)

1

lead, and nickel were removed from the elutriate waters. No
significant changes from the test water concentrations were
observed for chromium, cadmium, zinc, and mercury.

Table 365 presents the results of the bioassays
using P. pugio for Houston Ship Channel Site 2. Examination
of the table shows no toxicity of HSC-2 sediments to P. pugio

]

over the 96-hour test period for the 5 percent sediment tests.

sediment tests.

The chemical characteristics of the HSC-3 bioassay
test waters are presented in Table 366. The data presented
in the table show that the total ammonium nitrogen content
for the 20 percent sediment tests was approximately 7 to 8 mg/l,
with 0.08 to 0.14% mg/l present as unionized ammonia. In addi-
tion, there were initial decreases in the D.0. concentrations
and increased levels of turbidity. Again, the initial de-
creases in D.0. concentration in both of the 20 percent tests
were severe enough to warrant a ten-minute aeration of the
elutriate water. This additional aeration period after set-
tling did not significantly change the level of ammonium
present in the 20 percent elutriate waters.

Table 367 presents the 96-hour concentrations of
D.0. in the HSC-3 bioassay elutriates. The data indicate the
minimal aeration period assured an adequate concentration of
D.0. even after an initial decrease below 2.0 mg/l.

The results of the heavy metal analysis for these
bioassay elutriate waters are presented in Table 2368, The
data show large releases of both iron and manganese. Concen-
trations of the latter ranged from 9.6 mg/l in the 20
tests to over 11 mg/l in the 5 percent tests. Copper wa
removed from solution in both the 5 and 20 percent
tests as was nickel. No significant changes from t

water concentrations were observed for cadmium, ch:
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Table 365
Response of P. pugio to Varying Sediment Percent of Total

Elutriate Volume as a Function of Time: Houston

Ship Channel Site 2 Bioassay Elutriates

Time Number of P. pugio Living at Varying Sediment
(hrs) ercentages
Controls 5% 20%
A B A B A B
0 10 10 10 10 10 10
2 10 10 10 10 9 <
12 10 10 10 10 g 9
24 10 10 10 10 9 9
36 10 10 10 10 9 9
48 10 118) 10 10 9 9
60 10 10 10 10 9 9
12 10 10 10 10 9 9
84 10 10 10 10 ) 9
96 10 10 10 10 9 9

A and B are replicates.

zinc, or mercury. In addition, the data indicate that the
10-minute aeration period caused no significant differences
in heavy metal concentrations.

Table 369 presents the results of the bioassays
using P. pugio and HSC Site 3 sediments. Lxamination of the
table shows no toxicity of HSC-3 sediments to P. pugio over
the 96-hour test period.

Houston Ship Channel-Morgan's Point

Water and sediment samples for elutriate tests were
collected at Morgan's Point in the HSC. TFigure 114 shows the
sampling site as well as the locations of other HSC sampling

sites. A water sample was collected from the surface with a
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Table 369

Response of P. pugio to Varying Sediment Percent of

Total Elutriate Volume as a Function of Time:

Houston Ship Channel Site 3 Bioassay Elutriate

Ei?g) Number of P, puyioeﬁizigig;; Varying Sediment
controls k) 20%
AR - (TR T SRR e
0 10 10 10 10 10 10
X 10 L0 10 10 10 10
2 10 10 10 10 10 10
1.2 10 10 10 10 10 10
24 10 10 10 10 10 10
36 10 10 10 10 10 10
48 10 10 10 10 10 10
3o 10 10 10 10 10 10 v
48 10 10 10 10 10 10
) 10 10 10 10 10 10
72 10 10 10 18] 10 10
g4 10 10 L0 10 10 10
RIY 10 10 10 10 10 10

A and B are replicates.

rope and plastic bucket on April 11, 1975. Unfavorable
weather conditions delayed sediment sampling until April 18,
1976, A Ponar grab sampler was used. The samples were cooled
in ice in insulated boxes and transported directly to the UTD

. QO
laboratory where they were stored in the dark at 4 C.

Elutriate Test General Parameters

Single 5 percent and 20 percent oxic tests were
run; the total test volume was 3 liters. The 20 percent oxic
elutriate was centrifuged prior to measuring general parameters

and analyses of the unfiltered water. The quantity of Morgan's
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Point sediment available was insufficient for determination

of general sediment characteristics or sediment oxygen demand.
Table 370 shows that the D.0. decreased during set-
tling to a lesser extent in the 5 percent than in the 20 per-
cent elutriate. The final D.0. values were within the range
found for the TCC elutriates. The site water had a slightly
lower pH than did the TCC site waters; pH increased to 8.0
upon both 5§ and 20 percent elutriation. The Morgan's Point
site water had a fairly high turbidity (28 NTU) which in-
creased to 120 NTU in the 5 percent oxic elutriate. The 7
NTU turbidity value for the 20 percent elutriate does not
accurately represent the actual elutriate turbidity because
the elutriate was centrifuged prior to analysis. Specific
conductance in the 20 percent elutriate was greater than in v
the 5 percent. The site water (7,127 umhos/cm @ 25°C) had a

much lower specific conductance than did the TCC site waters.

Heavy Metals

Table 371 contains the results of analyses of site
water and elutriates for soluble heavy metals. There was no
significant difference in the concentrations of zinc¢, cadmium,

copper, or nickel in the site water and the elutriates. The

concentration of iron in the Morgan's Point site water was

11.6 ug/l. This dropped to 3.4 and 1.5 ug/l iron in the

5 and 20 percent elutriates, respectively. There was release
of manganese, chromium, and lead from these sediments. The
concentration of manganese in the test water was 4.1 ug/l. The
5 percent oxic test showed greater manganese release than was
seen in the 20 percent oxic tests; the concentrations were
1920 and 507 up/l, respectively. Releases of lead and chrom-
ium were slight. In the case of mercury, slight uptake was
seen in the b5 percent test and slight release was seen in the

20 percent test.
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Nitrogen Compounds

Morgan's Point sediment had a total Kjeldahl nitro-
gen concentration of 1500 mg N/kg. The elutriate test results
in Table 372 show that nitrate concentrations decreased
slightly in both elutriates. Ammonium release was again found
to be a function of the percent sediment in the total elutriate
volume. Due to the centrifugation step, the organic N data
do not represent the total concentrations.

Phosphorus Compounds

The soluble orthophosphate and total phosphorus
concentrations found in the Morgan's Point elutriates are pre-
sented in Table 373, The sediment total P concentration was
706 mg/kg dry weight. The site water contained the highest
concentrations of soluble orthophosphate and total phosphorus
of all Galveston Bay area sampling locations. Elutriate tests
showed decreases in soluble orthophosphate concentrations in
both the 5§ and 20 percent elutriates. Total phosphorus con-
centrations in both elutriates were also lower than that in
the site water.

Bioassays

Table 374 presents the physical and chemical char-
acteristics of the Morgan's Point bioassay elutriates following
the one-~hour settling period. Examination of the table reveals
that the D.0. concentrations decreased and total ammonium and
turbidity levels increased. Total ammonium increased with
increasing sediment percentages (increases of 1.3, 2.9, and
3.6 mg N/1 in the 5, 10, and 20 percent sediment tests,
respectively). Increases in turbidity ranged from 20 to 70
NTU with the highest turbidities observed in the 5 percent
sediment tests. Dissolved oxygen decreases corresponded to
increased sediment percentages with a decrease of over § mg/l
in the 20 percent sediment tests. Table 374 also presents
release data for manganese. The results show release of man-
ganese (the only heavy metal for which release was monitored)

to each bioassay elutriate with over 1 mg/l of manganese
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Table 372

Nitrogen Compound Concentrations: Morgan's Point

Elutriate Test® with One-Hour Settling
(mg N/1)

Sample Organic N Ammonium Nitrate
Designation N S N S N Sp+
Site Water 0.84 0.81 L2 0! 0.38 Bk g

5% 0538 0.686 1.86 0.06 Q.27 0.01
20% <0, 05 0. 9% .28 03 0.26 0.01

*Samples centrifuged prior to analysis. Consequently, values

do not represent totals.

-

**Standard deviation calculated from duplicate analyses.
tStandard deviation calculated from triplicate analyses.
Table 373

Soluble Orthophosphate and Total Phosphorus Concentrations:

Morgan's Point Elutriate Tests

(mg P/1)

Sample

Soluble Ortho P Total Phosphorus

Designation ' SD g SD

Site Water U857 0.004 0.86 0 0
5% Oxic U3 0 0 0. 20 0.008
20% Oxic® 0.095 0.001 @l gl Q.01

Mean and standard deviation calculated from duplicate or
triplicate analyses of one sample.

®*Llutriates were centrifuged ¢ 5000 rpm for § minutes prior to
analysis.




2 AY .

(vg/

NTU)

(

ur
?
~
o
o 1
e O
o O

$ o
o ™
L —y
{ ™) L J
Q o™~

- ~
W

o
o

™

oed

o
i

rr
TN O1

1ionized

g




released in 20 percent sediment elutriates.

The results of the acute toxicity 96-hour Morgan's
Point elutriate bioassays using P. pugio are presented in
Table 375. The data show increased toxicity to P. pugio
with increasing sediment percentages for the 96-hour test

period. The percentages of grass sh:

*imp dead after 96 hours
in the 5, 10, and 20 percent sediment elutriates were 10, 20,
and 35 percent, respectively. The toxicity associated with

sediments from Morgan's Point were so of the highest ob-

served Ior sedim

Table 3756

io to Varying Sediment Percent of Total

Elutriate Volume as a Function of Time:

Morgan's Point Bioassay Elutriates

Time Number of P. pugio Living at Varying Sediment
(hr) Percentages
Control 5% 10% 20%
A B A B A B

0 10 10 J 10 10 10
12 10 10
2h 10 10 9 9
36 10 10 9 2
48 10 140, 2 9
60 10 10 9
10 10 9
10 10 9
10 10 9 9
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Port Lavaca

A sediment sample collected in Cox Bay near Port

Lavaca was taken for elutriate test studies. The primary pur-
pose for sampling sediments in this area was a reported high
concentration of mercury in this region. The water and sedi-
ment samples were collected in Cox Bay, Texas. The sampling |
site, illustrated in Figure 114, was near the junction of two *
ship channels and approximately 50 yards from an island

formed by disposal of dredged material. Sediment samples
collected with an Ekman dredge were placed and sealed in poly-

ethylene containers. A 1l3-gallon sample of surface water was

obtained at the same site using a plastic bucket. A sample

of water was obtained six inches off the bottom (1.5 m depth)
using a horizontal, metal-free Van Dorn sampler. All samples
were kept on ice, transported to the UTD laboratory, and stored
at 49¢. They were subjected to elutriate tests.

General Sediment Characteristics and Oxygen Demand

The sediment from Port Lavaca was found to be 36.6
percent clay, 23.9 percent silt, and 39.5 percent sand. It
was analyzed in triplicate for sulfide concentration and per-
cent dry weight. The oxidation reduction potential (Eh) was
found to be ~40 mv. The mean sulfide content was found to be
116 mg/kg, with a standard deviation of 7. The mean percent
dry weight was found to be 4l4.b percent with a standard devia-
Eion ok LS.

The oxygen demand of a 5 cc sample of Port Lavaca
sediment was determined. Table A33, Appendix A, shows that

the standard deviations between runs indicated good repro-

ducibility. The uptake during the first hour for a cubic meter
of sediment was calculated to be 2.5 x 102 g 02, while the
uptake per gram dry weight was 0.42 mg O2 for the same time
period. The plot of the log of the D.0. versus time is seen
in Figure 115. The slope of the fast component was calculated
to be ~0.027 mg/1 min—l‘, the slow component slope was =-0.00U4
mg/ 1 min> T
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Figure 115
Oxygen Demand Test: Port Lavaca Sediment
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ingle & percent and 20 percent oxic elutriate test
were rut n addition to duplicate & percent anoxic/oxic and
duplicate 20 percent anoxic/oxic tests. hese anoxic
L TS ald waelre LD QT ex [ { LT € O Ooxygen=-iree nitrogel
e LEM TS tollowed Dby 1L Elill(\‘.l ol compre e % LX)
o determine effect ot ediment and waten g Le torage on

elutriate test results, a single 20 percent oxic elutriate

test on the sediment and water samples was run S4% days after
collection. During the storage period sediment and water
Samp ke we e 'rn‘, t LIy LIE dark Lt (4 L s

I'he general physical and chemical parameters data

from the Port Lavaca elutriate tests are presented in Table

¥ (10 'he patterns of D.0. concentrations during the elutriate
test indicated that the oxyvgen demand of this sediment was
5 g Vv
not high. 'he 20 percent elutriate had only a slightly lower
D.O. than the & percent. Both the § percent and 20 percent
anoxic/oxie elutriates generally had high D.0. concentrations

(af ter settling) even though they had been aerated only 10

minutes. 'he D.O: of the 20 percent anoxic/oxic replicate B
elutriate was lower than the others after air mixing and
decreased to 1.5 mg/l after settling. This inconsistency may

have been related to differences in intensities of air mixing
or in homogeneity of sediments used in replicate tests. l'he
pH values in the elutriates were generally within 0.1 units of
the site water pH. The turbidity values of the elutriates were
all greater than that of the site water and ranged from 42 to
L10 NTU. Reproducibility of this parameter in duplicate (pen-
erally a tunction of decantation technique) tests was moderately
pood.

The specific conductance increased as a result of
elutriation under all conditions tested and showed, in

general, pood replication in all duplicate tests. The increase

was less in the b percent oxic elutriate than in the others.







Salinity, being derived from the specific conductance values,

followed the same pattern.

After the bSi4-day storage period, the site water
showed a slightly lower pH and turbidity but a higher specific
conductance value. The difference in site water specific
conductance values before and after storage may have been
related to the different temperatures at which the sample had
been measured. Although both values were corrected to ZSOC,
the error involved in such a correction was probably greater
in the pre-storage site water samples (measured at 6°C) than
in the water measured (at 20°C) after storage. In the 20
percent oxic elutriate test run after storage, the D.0. after
settling was about 2 mg/l less than in the corresponding pre-
storage tests. In general, for the other parameters, values
found for the later tests were comparable to those found for

the earlier tests.

Heavy Metals

Table 377 contains the results of trace heavy metal
analysis of the Port Lavaca sediment and water samples. The
sediments of this area had been reported to contain relatively
high mercury levels, possibly stemming from leakage from
chloroalkali cells in a nearby aluminum plant. The mercury
concentration found in this sediment was 0.075 mg/kg, which
was lower than the concentrations found in Texas City Channel
(0.5 mg/kg Hg) and much lower than those seen in the San
Francisco sediments analyzed in this study (v1.4% mg/kg). The
zinc content of the Port Lavaca sediment (75 mg/kg) was equiv-
alent to the proposed criterion for determining acceptability
of dredged sediments, but concentrations of all other metals
were below the criteria.l’

Dissolved and total available trace heavy metal
concentrations were determined for the Port Lavaca Bay water

sample taken immediately overlying the sediment. These levels
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are compared to corresponding dissolved metal concentrations
in surface water in Table 377. Dissolved available metals
occurred in greater concentration near the bottom than near
the surface. Notably, nickel, zinc, and mercury concentra-
tions were several times higher near the bottom than in the
surface water. The increased concentrations at the sediment-
water interface could be the result of mobility of metal com-
ponents between these two areas.

Relatively high mercury concentrations were found
in the bottom water. Total mercury was 0.091 upg/l and dis-
solved mercury 0.062 pg/l. It has been established that
mercury concentrations equal to or exceeding 0.10 ug/l con-
stitute a hazard in the marine environment. Total available
manganese and iron in the bottom water also exceeded estab-
lished potentially harmful levels. Zinc concentrations were
below the hazardous level (100 pg/l) but substantially higher

than the level presenting minimal deleterious effects (20 ug/l)

according to NAS—NAE.‘;3

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 with 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.0. concentration found during these elutriate tests.

Very small, statistically significant increases in
lead and nickel appear to have occurred. Iron concentrations
in the elutriates showed considerable scatter around the
site water value (25 ug/l). Iron release (159 ug/l) was
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apparently significant only in 5 percent anoxic/oxic repli-
cate A. No statistically significant differences occurred
between the concentrations of mercury, zinc, chromium, and
copper 1in the various elutriates and corresponding concentra-

tions in the site water.

Nitrogen Compounds

Port Lavaca samples and elutriates were analyzed to
determine the relative release of nitrogen compounds under
oxic and anoxic/oxic conditions. The ammonium and organic N
concentrations for this sediment were 19 and 243 mg N/kg,
respectively. This Port Lavaca sediment nitrogen content was
low compared to that of other sediments studied.

Table 379 presents the results of nitrogen analyses
of Port Lavaca elutriate tests. Duplicate analyses showed a
tendency for higher release of ammonium and organic N in high-
er sediment volume tests, although reproducibility was not
good. Nitrate was released in the 5 percent elutriates with
higher release under oxic conditions. However, no clear
patterns of release could be ascribed to these variations in
the aeration procedure.

The nitrogen data for the later tests (also pre-
sented in Table 379 ) show that ammonium and organic N
concentrations increased from site water levels, though
nitrate did not show any change. Ammonium release was com-
parable to that observed in the 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
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Table 379

Nitrogen Compound Concentrations:

Port Lavaca Elutriate Tests

(mg N/1)
Sample
Designation Organic N Ammonium Nitrate
Performed X i £ e X e
(1975)
July 25:
Site Water 0.u46 0.02 <0.05 ) <0.0Y4 0
5% Oxic Q. 23 0.06 (0l 0.02 0.38 (05038
5% Anoxic/Oxic
A 0.34 0.09 Ok 78 (0} A0 0.28 B0l
B 0.67 0.07 Pe53 @..017 0.07 0.01
20% Oxic 0.98 G 3 596 2.0 <0.0u 0.01
20% Anoxic/Oxic
A 0.66 0 1.54 0 i 05 0501k
B 0.80 G603 328 0 .01 <0.04 "0
September 8:
Site Water 0.86 ORRlG @i L@ - <0.04 0k
20% Oxic .08 =0 iEegS - Ol 12 B0

A and B are replicates.

*Mean and standard deviation calculated from duplicate
analyses.

*%Mean and standard deviation calculated from triplicate
analyses.

Dash (-) indicates single analysis with no standard deviation.
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Table 380

Soluble Orthophosphate and Total Phosphorus Concentrations:

Port Lavaca Elutriate Tests

(mg P/1)
ngple‘ Soluble Ortho P Total F
Designation 3 SD < sp
July 25:
Site Water 0.023 0.001 0.06 0.01
5% Oxic 0.082 .00 0.20 0016
20% Oxic 0l. @58 0 0.38 0.028
5% Anoxic/Oxic
A 0.28 0.005 0.24 Q- QL7
B 0.10 0.002 .15 0503 \V
20% Anoxic/Oxic
A 0.086 0.003 Q.20 0
B QL2 0 Q.27 0.007
September 8:
Site Water 0.080 0 0.09 0.009
20% Oxic 0.095 0. 002 - -

A and B are replicates.

Mean and standard deviation calculated from triplicate analyses
of one sample.

Dash (-) indicates no analysis made.
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comparable tc hose found 1i: e GBEC. It contained 263 mg
mparable > those found 1in ti It nt ¥ 2k 5

P/Kg dry weight (standard deviation of 6 mg P/kg).

Table 380 shows that soluble orthophosphate con-
centrations increased as a result of elutriation under the
ions tested. In the tests run prior to storage, the
increase was greater in the 5 percent oxic than in the 20
percent oxic test. This may have been related to the dif-
ferences in settling as seen in the turbidity values, the §
percent elutriate having a greater turbidity than the 20 per-
cent elutriate (See Table 370).

The tests run under anoxic/oxic conditions tended
to show somewhat greater release than those run under oxic
conditions. The soluble ortho P concentration in one 5 per-
cent anoxic/oxic elutriate was almost three times greater than
that in the others, but reproducibility was better in the v
20 percent anoxic/oxic tests.

During the Su-day storage period the site water
soluble orthophosphate concentrations appear to have risen
nearly four-fold. The concentration in the 20 percent oxic
elutriate run after storage was more than 1.5 times that of
the corresponding test run earlier.

Total phosphorus concentrations in the Port Lavaca
elutriates are also presented in Table 380. Total P con-
centrations increased to about the same level (generally to
between 0.15 and 0.27 mg P/1) under the elutriate test con-
ditions employed. The 20 percent oxic elutriate had a slightly
higher concentration (0.38 mg P.l) than the rest. In gen-
eral, the elutriate total P concentration did not appear to be
closely related to the turbidity value of the elutriates,
although the elutriate turbidities all fell within a fairly
narrow range. The soluble orthophosphate fraction of the total
phosphorus concentrations was not a constant factor in these
elutriates. As expected, the storage of the site water did

not appear to affect its total P content.
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Biocassays

Port Lavaca bioassays were started July 28, 1975,

Table 381 shows the chemical characteristics of the Port
Lavaca bioassay elutriates following the one-hour settling
period. Examination of the table reveals that the D.0. con-
centrations decreased and total ammonium and turbidity levels
increased. Total ammonium increased with increasing sediment
percentages (increases of 0.7, 0.9, and 1.5 mg N/1 in the 5,
10, and 20 percent sediment tests, respectively). Increases
in turbidity ranged from 2° to 36 NTU in the elutriate. Dis-
solved oxygen decreases corresponded to increased sediment
percentages, with a decrease of over 5 mg/l in the 20 percent
sediment tests.

Table 382 shows the concentrations of D.0. in these
elutriates over the 96-hour test period. The data show that
the daily one-hour aeration period was sufficient to keep D.O.
above 4 mg/l throughout the 24-hour aeration period.

The results of the metal analyses for the bioassay
elutriates are presented in Table 383, Manganese, iron,
cadmium, lead, zinc, and mercury were released to the elutri-
ates. Manganese levels were 10, 20, and 30 times greater
than the control concentrations in the 5, 10, and 20 percent
sediment tests, respectively. Iron release was from 20 to 50
times that of the controls. Small amounts of cadmium, lead,
zinc, and mercury were also released to the biocassay elutriate
waters. Copper was removed from solution, and chromium and
nickel did not change.

The results of the acute toxicity 96-hour Port
Lavaca elutriate biocassays using P. pugio are presented in
Table 38u. The data show no acute lethal effects for the

Port Lavaca bioassay elutriates.
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Chlorinated Hydrocarbons in Aquatic Organisms

In order to investigate whether or not aquatic
organisms inhabiting an area that has been extensively used
for dredged material disposal accumulate excessive amounts
ot chlorinated hyvdrocarbon pesticides and PCBs, a series of
biological samples was collected in late November, 1875, by
trawling within the GBEC Disposal Site., These samples in-
cluded nine species of fish, a group of mixed fish (considered
to be predators) and a group of miscellaneous invertebrates
including squid, crabs and polvchaetes. The names, number and
ranges of total lengths of each group of organisms are listed
in Table 385. All nine species of fish were identified, and ) |

the white shrimp were tentatively identified as Penaeus
e ————— \'

setiferous. The rest of the invertebrates were not identified. "

All samples were wrapped in aluminum foil and frozen at ~2D°¢ l

shortly after sampling. ‘
Due to shorvtage of funds, only three samples have

been analyzed thus far for the chlorinated hydrocarbon pesti-

cides and PCI under investigation in the sediment and water

collected from the area. The rest of the samples are under

investigation by A, Jung, a graduate student in the Envirvon-

mental Sciences Program. The three samples analyzed include a

single spotfish, identified as Lelostomus xanthurus, with a total

length of 15.2 cm, three small fish (unidentified predators)

with total lengths of 2.5y 3.6 and 7.6 cm and two white shrimp

with total lengths of 5.1 and 7.6 c¢m. The spot fish weighed

)

57.3 g (whole organism). The three small fish all weighed 9,3 g

.
and the two white shrimp weighed 23.9 g (without the exoskeleton).
\ 11 ¢ analy Wit pertformed on the Oty & MO te of
t he e & ML te of the two whit hrimp s el
tmp Wil thoroughly gsround and mixed with anhydrou
11 1] t to ehydrate t e mple, e lehvdrated 'u”'.l!‘ll'




Table 385
List of the Biological Samples¥® Collected

from the Galveston Bay Entrance Channel

Disposal Site , November, 1975

Range of Total

Organism®* Number Lengtl Eomd

Atlantic croaker (Micropogon undulatus) 28 2.56~15

Anchovy (Anchoa mitchilli) 300+ 5 -6

Bumper (Chloroscombrus chrysurus) 100+ 5 -6 v
Pompano (Trachinotus carolinus) 100+ 5 -6

Fringed flounder (Etropus crossotus) 4 § =10

Spottish (Leiostomus xanthurus) 5 15 =16 1
Atlantic spadefish (Chaetodipterus faber) 8 8 =10 f
Silver seatrout (Cynoscion nothus) 12 5 =20

Tonguefish (Symphurus civitatus) 2 8 -10

Crab (unidentified) 20 2.5=.5

White shrimp (Leiostomus xanthurus)®s 60 5. =L§

Pink shrimp (unidentified) 20 2.5-.5

Squid (unidentified) 100 5 =10

Annelids (polychaetes) 10 S =kl

Mixed tish (predators) 100 2=

*Identified by Dr. T. Waller and A. Jung.

**Tentative identification.
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were extracted for four hours with a 50 percent ethyl ether-

hexane mixture in a Soxhlet extractor. The chlorinated
hydrocarbon pesticides and PCBs were quantified according
to procedures previously described in this report.

Electron capture gas chromatograms cf the sample
extracts indicatsd the presence of 22 to 26 characteristic
peaks of relative retention times <Rr) ranging from 0.3 to
7.8. Fourteen of these peaks were of the same Rr values as
those detected in sediment and water from the area. General-
ly the magnitudes of the peaks were higher in the spotfish
extract than in the small fish extract. Peaks of
the shrimp extract were the least in magnitude and number.
Based on two chromatographic columns detection, lindane,
aldrin, dieldrin, DDT and its analogs, 2,4-D esters and
mirex were found in all the extracts. Total PCBs determined
by chemical derivatization as decachlorobiphenyl were detected
in all the samples. Table 386 presents the quantitative
results as well as the lower detection limits and the US FDA3l+
guidelines for edible portions of fish and shellfish. The
table shows that the spot contained aldrin, pp'DDD, pp'DDE and
total PCBs at concentration levels of 1.3, 2.7, 1.9 and 95.1
ppb, respectively. The same compounds were present in the
small fish at concentration levels of 1.1, 1.9, 3.0, and 35.3
ppb, respectively. In addition, 0.4 ppb lindane was present
in the small fish. The sum of the concentrations of pp'DDD
and pp'DDE in the spotfish was 4.6 ppb which was comparable
to the 4.9 ppb found in the small fish. It was noted that
the concentration of the parent pp'DDT compound was below
the lower detection limits in both tish. The shrimp did not
contain measurable concentrations of any of the chlorinated
hydrocarbon pesticides. Total PCBs detected in the shrimp
was 6.3 ppb,which was much lower than the levels detected
in either of the fish samples. Concentrations of the compounds
found in all the samples were well below the US FDA3u guide-
line levels for edible portions of fish and shellfish. It

834
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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 human 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 analyses support ¥

those reported here, it can be concluded that there appears
to be neither short-term nor long-term significant adverse
effect on water quality from these dredging and disposal opera-

tions.
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Seattle

Characteristics of Sampling Site

A study of the factors influencing the results of
the elutriate tests and the relationships between these test
results and the actual release during an open water disposal
operation was conducted on sediments from the Duwamish River
with disposal at Elliott Bay, Puget Sound. The Duwamish
River is a highly industrialized waterway which flows through
Seattle, Washington, into Elliott Bay (Puget Sound). The
situation provided an opportunity to examine in detail elu-
triate test results for sediments from a highly industrialized
area in the Pacific Northwest. Further, since mechanical
dredging and barge disposal were employed, there was an
opportunity to examine the relationships between the conven-
tional elutriate test and the plop test for open water dis-
posal of estuarine sediments from a barge dumping operation.
Another unique characteristic of this study is that the water
depth at the disposal site was approximately 60 meters, which
was deeper than the depth af any other site investigated in
this study.

In addition, one of the most important reasons for
studying this area was the PCB spill that occurred when a
large electrical transformer fell during an unloading operation
in a boat slip adjacent to the Duwamish River water. The
transformer broke open, and large amounts of PCBs were released
to the water and sediment in the slip. Initially, most of
the spilled material was hydraulically removed with a diver-
operated dredge. However, some of the PCB materials were in-
corporated into the surrounding sediments. Due to the tidal
currents these PCBs were likely spread both upriver and down-
river into Elliott Bay. Both federal and state water pollu-
tion and other agencies had expressed concern about the
potential effect of dredging the sediments in the waterway on

the release of PCBs and water quality.
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The Corps of Engineers maintains a navigation chan-
nel 17 feet deep in the waterway. Figure 116 contains a
general map of the area as well as sampling locations. On

February 16, 1976, samples of sediments scheduled to be
dredged the next day were obtained from three sites in a por-
tion of the waterway near the Boeing Aircraft airport.
Duwamish River Site 1 was at the Corps of Engineers mark 206
+ 00, just upstream from the 16th Street bridge. Site 2 was
at mark 209 + 00, 300 meters further upstream, and Site 3

was at mark 212 + 00, another 300 meters further upstream but
just downstream from the pier of the South Park Marina. The
samples were taken with a pipe dredge. Temperature, D.0., and
salinity profiles of water samples were also taken at these
sites.

A fourth sediment sample was taken with a pipe dredge
from Duwamish River S1ip No. 1, which is several miles down-
stream from the 16th Street bridge. This was the site of the
major PCB spill the previous year. One sample of surface
water and one of water collected with the sediment were taken
to study the release of PCBs in the elutriate test.

All samples were placed in 5-gallon polyethylene
buckets and iced down. They were air shipped to UTD and
placed under refrigeration at 4°C until elutriation. Disposal
site water for the elutriate tests came from the bottom waters
of Puget Sound and from nearshore surface waters. These waters
were found to have identical salinities and were treated as the
Ssame water.

Sediment from Duwamish River mark 206 + 00 to 212 +
00 was dredged on February 17 and disposed of at Buoy D in
Elliott Bay (see Figure 116). The dredge was a clam shell dredge
with a bucket of 11 cubic yards. The dredged material was
placed in barges with capacities of 400 to 600 cubic yards.

Two of these barges were filled during each run and taken to

the dump site. On February 16, two water sample profiles

Q1 Q
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(seven individual samples) and D.0. and temperature profiles
were taken above and below the dredge operating in the
Duwamish River Turning Basin.

On February 17, there were three disposal operations
involving release of material contained in two barges at
Buoy D The first was not monitored except for D.0O. data.

The other two disposals were labeled Elliott Bay Dumps Nos.
1A, 1B and 2A, 2B in accord with the time sequence in which
the barges emptied their holds.

A total of 142 water samples was collected. Sampling
lasted from about 30 minutes before the first dump (1lA) until
4lminutes after the last dump (2B); the total monitoring time
wds approximately 4.5 hours. Samples were collected from

depths of 1, 30, and 60 meters with Little Giant submersible

pumps on plastic hose line. The sampling vessel was a Corps

of Engineers 130 foot snag barge named The Puget.

Elutriate and Plop Tests

General Sediment Characteristics and Oxygen Demand

The sediments were analyzed for oxidation-reduction
potential (Eh), sulfide concentrations, and percent dry
weight. The sample from Site 1 (-54 mv) differed greatly
from Sites 2 (-91 mv) and 3 (-111 mv) samples. There was
a marked difference noted between Site 1 mean sulfide (13
mg/kg) and Sites 2 and 3 mean sulfide (254 and 247 mg/kg,
respectively). The mean percent dry weights also showed
a similar trend, 80 percent for Site 1, 57 percent for Site
2, and 60 percent for Site 3 sediments with standard devia-
tions of 0.8, 0.3 and 0.5, respectively. Site 2 sediment
contained 9.5 percent clay, 49 percent silt, and 41.5 per-
cent sand. Particle size analyses for Sites 1 and 3 were
not done but should have a similar composition as they were T
taken fairly near Site 2.

The oxygen demand test was performed on all three
Duwamish sediment samples. Table A34, Appendix A shows the
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results of the Site 1 sediment triplicate runs. The standard
deviation ranged between 0.1 and 0.3, indicating good
reproducibility. Figure 117 presents the plot of the data.

was -0.001 mg/l min — for the

L

The slope of the line formec

e
first hour. The sample from Sit

o

1l showed a low uptake over
a one-hour period. The uptake for the first hour per cubic
a

: 3
ted to be 42 O, m  and 0.03 mg O0,/dry
g £

meter was calcul
weight.

The samples from Duwamish Sites 2 and 3 showed
similarities, as can be seen in Tables A35 and A36. The

uptake for a cubic meter in the first hour was 5.2 x 10°
)

< )l

)
for Site 2 sediment and 5.7 x 10° g 0, for Site
2

(o}

g 0

>

sediment. The uptake for the same time period p

weight was 0.64 mg O, for Site 2 and 0.62 mg 0, for Site 3
y 4

sediment. The slapes of the fast and slow components from

the plots of the samples from Sites 2 and 3 were also similar,

as can be seen in Figures 118 and 119. The slope of the fast
components for one hour were -0.030 mg/l min_l for Site 2 and
-0.033 mg/l min-l for Site 3. 1In the first hour, the slopes

for the slow components were -0.006 mg/l min—l for Site 2 and

-0.007 mg/1 min~! for Site 3.

Elutriate Test General Parameters

Duplicate 5 percent oxic, 20 percent oxic, and 20
percent anoxic elutriate tests were run on Sites 1 and 2
sediments and disposal site water. Site 1 elutriate tests
used site water 1 and Site 2 tests used site waters 1 and 2
(taken at the same place at the same time). In addition to
the single 5 percent oxic, 20 percent oxic, and 20 percent
anoxic elutriate tests run on Site 3 sediment, a 20 percent
plop test (12 liter total volume) was alsc run. All Site 3
elutriate tests used site water 2.

Duplicate elutriate tests run on Duwamish River
Site 1 sediment showed good reproducibility for the general

physical and chemical parameters measured (Table 387). The
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D.0. concentrations did not appear to change more than
0.6 mg/l during the 5 percent tests. A greater D.0O. con-
centration was found in the 20 percent elutriate after
mixing than in the 5 percent tests. After settling, the
20 percent oxic elutriates still had higher D.O. levels
than the two 5 percent elutriates. Dissolved oxygen,
during settling of the anoxic duplicate tests, rose from
below 0.5 to 1.4 and 0.6 mg/1.

The pH decreased during all six Site 1 tests but
decreased to a lesser extent in the 5 percent tests. The
greatest pH decrease was found in the 20 percent anoxic
tests. Specific conductance decreased to the same level in
the 20 percent oxic and anoxic tests. Virtually no change
in specific conductance was found after 5 percent elutria-
tion. Turbidity values were about the same in all elutriates
with an indication that the turbidity in the 5 percent elu-
triate may have been slightly less than in the 20 percent
elutriates.

Table 388 shows good reproducibility among general
physical and chemical parameters measured during elutriate
tests on Duwamish River Site 2 sediment. This sediment was
collected upriver from Site 1 and appeared to have a greater
oxygen demand than Site 1 sediment. This is consistent with
the D.0. uptake results in this study. Dissolved oxygen
concentrations after settling were greater in the § per-
cent than in the 20 percent oxic tests. They remained
below the detection limit during settling of the two anoxic
tests. The fact that Site 2 D.0. concentrations after
settling were lower than those for Site 1 may be related to
the relatively lower D.0O. in the site water used. The pH
decreased to varying degrees as a result of elutriation,
with the 5 percent test showing the least change, the anoxic
showing the greatest decrease (1.1 units). The specific con-
ductance decreased to the same level in both oxic and anoxic

20 percent elutriates. It decreased by a greater amount
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during 5 percent elutriatianj; but, because the specific
conductance of the site water for 5 percent tests was greater
than that of the water used for 20 percent tests, the specific
conductance values in the 5 percent elutriates were greater
than those in the other elutriates. Salinity decreased to
about the same level in all elutriates. The exception was in
the 5 percent elutriates, where there was a 1.7 ©/0o difference
between elutriate values. Although not much difference in
turbidity was found in the elutriates, it appeared that generally
values were lowest in the 20 percent oxic elutriate and highest
in the anoxic elutriate.

Values for the general physical and chemical para-
meters measured during elutriate tests on Site 3 sediment are
presented in Table 389. The oxygen demand of this sediment
appears to have been the same or slightly greater than that of
Site 2 sediment. The D.Q. after settling of the 5 percent
oxic test was the lowest of the three Duwamish River sediments,
4.8 mg/l. The 20 percent oxic elutriate D.0. was about the
same as that of Duwamish River Site 2. The patterns and values
of pH were comparable to those found in the corresponding elu-
triates for the other Duwamish River sites.

A decrease in specific conductance was found after
5 percent elutriation. The 20 percent oxic and anoxic elu-
triates showed an increase, which was not seen in the other
area elutriates. As was generally found in the Site 2 elutriates,
the highest turbidity was seen in the anoxic elutriates. Tur-
bidity values in the 5 and 20 percent oxic elutriates were
comparable.

The D.0. found during the plop test was low, with
values falling midway between those in the 20 percent oxic and
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anoxic tests. The concentration after mixing was 1.9 mg/1l
and after settling was 1.7 mg/l. 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 elutriate tests. The D.O.
concentrations measured after settling indicate that
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 § per-
cent oxic tests, the least. Turbidity was generally highest
in the 20 percent anoxic elutriate. This can be explained
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.

Heavy Metals

Total metal compositions of three sediment samples
collected from the dredging sites in the Duwamish River are
presented in Table 390. 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 16,079 mg/kg,
respectively. The nickel (15.0 to 17.5 mg/kg) and zinc
(68.6 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/kg. Mercury concen=
trations in all three samples were below 0.1 mg/kg.

The metal composition of these Duwamish River
samples was comparable to that of Puget Sound sediments re-

y 35 ;
ported by Crecelius et al. However, the metal concentrations,
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particularly the mercury levels, in these Duwamish River sedi-
ments were significantly lower than those found at the mouth
of the Duwamish River, indicating that the sediments in the
Duwamish River appear to be less contaminated with mercury
than those in Puget Sound.

The results of soluble heavy metal analysis of stan-
dard elutriate tests and plop tests run on these sediments
are presented in Tables 391 through 393. Table 391 shows
that iron was released from Duwamish River Site 1 sediment
in both the oxic and anoxic 20 percent elutriate tests. As
indicated by the data in the three tables, anoxic conditions
favored the release of iron, which increased from 12 ug/l in
the initial site water to 5,770 ug/l in anoxic elutriate A,
and 10,400 Mg/l in anoxic elutriate B. The release of man-
ganese from this sediment was not significant; only one of
six elutriates (5 percent sediment-oxic) showed any readily v
discernible manganese increase. Sorption of zinc was ob-

served in five of six tests.

The elutriate tests using Duwamish River Site 2
sediment (Table 392) also showed iron release. Reducing
conditions in the two 20 percent sediment anoxic flasks
caused an increase in soluble iron from an initial 12 ug/1l to
13,910 and 14,050 ug/l. No manganese release was detected in
the 5 percent oxic tests, but some was observed in the 20

percent oxic tests, indicating the influence of the sediment-

to-water ratio on release seen in the elutriate. Zinc, and
to a lesser degree, manganese were apparently sorbed in the 7

anoxic elutriate tests.

Elutriate tests on Duwamish River Site 3 sediment
yielded similar results. Table 393 shows that soluble iron
increased in the anoxic test from 12 to 22,660 ug/l. Only
slight release of manganese was observed under oxic con- J

ditions. Reducing conditions showed sorption of zinc. The

table also shows that for this sediment, results of the




"pIuTUIEIap 30U BIIPTIPUT (-) HsSE]
*sushieur »3e071dnp Woldj paiR[NOTEY UCTIRTASP pPJBpURIS PUER ueay

*s93ec11daa sd¥ § puR y

0200 - 0LL's w0 AR 0°T 1°0 g°8 00 B - z> 0 £°0 0 92 9

020°'0 - 00R*0T 9°0 L A g0 n'0 g5g = = Z> 10 8°0 o LL ¥ o1¥ouy §0Z

090°06 o ng 0 'z Ao 6°0 L°Z S$°L %0 S°TX - Z, 10 11 " 311 4

020°0 o L6 0 8°T 2°0 L0 5°0 5°8 O £l = z> 0 4 ¢ 3L z5 ¥ 9TEG w02

096°0 3 /5 S 0"z 2'0 Z°T E°D LY¢ @6 @re - 2> E6  ET %1 Tl @ mN
020°0 ¢ nl 0 T A T @ 8- 9% Bz - z> o 01 81 LT A ¢ LIl ¥ s
$s0°0 2 It 90 s'q O S°T ¢£°0 99 0°T €°6Z = ¢ t0 8% ER €nl  J83em 8318

uot e
as ¢ as ¢ as ¥ as ¥ as % Suprdens

N
=
0\
>~

(1/31)

§389L a3e[Jan(d [ 2315 JBAlq YSTuemng :SUCTIeJIUIUC) [Bisy Aneal 1GnTog

16¢ @a1qel




‘paUTWIS3Bp 30U SBIEDTPUT (-) YSeq
*gashAyeue 23eor(dnp wWOlJ polPINOTEO UOTIBTAIP pPIEPUPIS pue UEasy

*sazeoy(daa sae g pue y

- z T10°0 890°0 - 050°nT 0 §*z 2Z°0 (5 AR A S ¢ = > T°o 0°1 62 It €

- z> 020°0 S$S0°0 - OUB‘ET O Tz o ST 0 VAR R ¢ = z> o 6°0 Hl 00T Y OTXAN %02
- z> 0Z0°0 S§S0°0 €T 903 0 e | /A 6L EB"T ©rSY - z> 0 [T 11z 4

- z> L0D'0 S60°0 M LT o+ (R 0 6'¢ t°0 1°8 w0 h'gl = z> 0 g°1 8¢ 1§ v OoI%G 462
- z> 820°0 SS0°0 Z CRA S T 0 €T 0 n'S  $'0 6'El > z> 0 6°0 O 4 |

- > o 060°0 2 7§ €70 8T 20 6°C 5°0 1°Ss s h'SI = z> 0 6°0 O TET V OTX0 45§
- z> 820°0 SS0°0 ¢ ¢t 0 §%% 0 s'tT €°0 9°9 0°T 6°02 - > g g°T 91 EnT  JS3eM 9315
as % as % as % as b4 as b4 as ¢ as ¥ as b4 as % as % UoTieudissg
- ey —3H EXl ™y ad TN 'Y .5||| R N atduesg

(1/31)

93591 231BTJIN[F ¢ 33TS JIATY ystuwemnq 1 SUOT3IPJAIUBDUCY TRIBN faeay 21qnios
26t 2I9e]




*sashleue a3eolTdnp woay

*paUTWIZ33p 30U S33BITPUT (-) Yseq
P21BTNOTED UOT3BTA3D pJBPUBIS DUEB UBS)

502
08

161
51T

Enl

"

(1/2n)

1sa] dold pue s3sa] a3ieTJINTG

1SUOT3PIIUIOUOT Te3d) AAB3H a[gqnlog

£6E B1q®RY

-

w
wn
@




elutriate and plop tests were fairly comparable. The release
of iron and manganese was detected along with sorption of
zinc. Manganese release was greater in the plop test (205
ug/1l) than in the two oxic elutriate tests (151 and 191 ug/l).
The results for the metals other than iron, manganese, and zinc
were similar to those found in the elutriates using Duwamish

River Site 3 sediment.
Nit I‘<ig‘_k‘n_ri'f)llu\illvndj‘.

The results of the nitrogen compound analysis of
the Duwamish sediments are presented in Table 394. In
Duwamish River Sites 2 and 3 sediment samples, total Kjeldahl
nitrogen concentrations (organic N plus ammonium) exceeded
the US EPA proposed bulk sediment criteria of November, 1871
for open water disposal of dredged Im—l‘l.erial‘% . However,
Duwamish River Site 1 sediment had a lower concentration of
organic nitrogen than samples from the other two sites, and
its ammonium levels were also lower.

Results of nitrogen compound analyses for Duwamish
River Site 1 elutriate tests are presented in Table 3995.
Relatively moderate amounts of ammonium were released in both
oxic and anoxic tests. Higher ammonium and organic N release
was observed in the 20 percent elutriates. Organic N release
in the 20 percent anoxic elutridates was twice that in the 20
percent oxic elutriates. There was no apparent change in
nitrate as a result of elutriation. However, a slight nitrate
decrease was observed under anoxic conditions. The lack of
analytical reproducibility in the 5 percent oxic tests hindered
formulation of a conclusive assessment of the relationship
between nitrate release and the sediment volume in the elutriate.
5

Nitrogen data for Site elutriate tests appear in

Table 396. Lxamination of the table reveals that ammonium

\
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Table J39h

Organic Nitrogen and Ammonium Concentrations:

Duwamish River Sediment Samples
(mg. N/Kkg)

sampling Total Kjeldahl Organic N Ammonium
. Nitrogen i
Location =S — I
N SDh A sh X SD
Site 1 RIVA W 268 Ol 33 9
Site 2 1162 57 1031 oz 131 LS
Site 3 1493 L 1403 25 90 30

Mean and standard deviation calculated from duplicate analy

Table 390
Nitrogen Compound Concentrations: Duwamish River
Site 1 EFlutrjate Tests
(mg N/1)

Ses.

Sample Organic N Ammonium Nitrate
Designation S SD b SD 3 SD
Site Water Ui 17 0.03 < 0.08% A0 0.39 0.01

5% Oxic A 0.58 0.09 0,50 Ol Bl 0.46 0.01
B 0. 18 (3 o L5 0.68 0.01 U 87 0l 02

20% Oxic A 1.58 0.1k 2.70 0.03 037 001
B K 22 U 29 1.90 0.06 0.4l 00l

20% Anoxic A 2.40 0.14 2.38 0.06 0.36 0.01
B 2.56 Q.22 24286 0.06 e 8 Q.Q1

A and B are replicates.

Mean and standard deviation calculated from duplicate analyses.
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Table 396

Nitrogen Compound Concentrations:

Duwamish River Site 2 Flutriate Tests

(mg N/1)

Sample Organic N Ammonium Nitrate
Designation X SD X SD X SD
Site Water 0517 0.03 < 0.05 0 0.39 001

5% Oxic A 1.86 0.06 1.54 0 0.33 0.01
B 0,20 0,13 T.54 0,01 0237 0.01

20% Oxic A 1.26 0.32 .74 0,15 0.33 @01
B 2032 0.56 5.82 0.08 0.31 0..01

20% Anoxic A a7l 0. 25 K.15 0.71% 0.32 0.0l
B 1.02 0519 3.92 0.311 0.3% 0.01

A and B are replicates.
Mean and standard deviation calculated from duplicate analyses

except for nitrate (calculated from triplicate analyses).

release was higher with the higher percentage elutriates
and under oxic conditions. It was higher than that observed
with the Duwamish River Site 1 elutriates. Nitrate was
essentially unaffected by experimental manipulations 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 sampling of the suspension.
Nitrogen compound data from Duwamish River Site 3
elutriate tests and the plop test are listed in Table 397.
Ammonium release was similar under oxic and anoxic conditions,
with concentrations falling between those released in elu-
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 apparently
enhanced by anoxic conditions. The nitrate increase in the

anoxic elutriate was unexpected. Nitrate concentrations
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Table 347

Al s . 1 ‘.v;\
Nitrogen Compound Concentrations: Duwamish River

Site 3 Elutriate Tests and Plop Test

(mg N/1)

Sample Organic N Ammonium Nitrate
Designation X SD X SD X SD
Site Water el Q.08 < 0,05 M0 0.39 0.01
Elutriate Tests:

5% Oxic 0536 0.18 188 001 0.u42 @01
20% Oxic 1.96 036 3.86 0.05 0,36 Q.01
20% Anoxic 319 0.338 S Danle 0.u48 0.038
Plop Test Q.38 0. 01 Q.86 Q.01 0.45 0.02

Mean and standard deviations calculated from duplicate analyses, i
except for nitrate (calculated from triplicate analyses).

customarily decrease in anoxic elutriate tests. This may
be due to the problems of release of interferences in the
nitrate analyses.

The plop test was devised to simulate as closely
as possible the conditions in the water column during disposal
operations at Puget Sound. Results of nitrogen compound
analysis (found in Table 397) showed that organic N release
was comparable to that found in the 5 percent oxic elutriate
tests using the same sediment. Ammonium concentrations were
lower, and nitrate concentrations were essentially the same as
those observed in the corresponding 5 percent oxic elutriate
tests.

Some generalizations can be derived from the series
of tests on Duwamish River sediments. There was no consistent
pattern for either release or removal of nitrate. Ammonium
release was generally moderate and was higher for Duwamish
River Site 2 sediments, even though Duwamish River Site 3

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.

Phosphorus 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 confidence
level. Those total P concentrations were greater than the
concentration found at Site 1, the most seaward sampling site.

An apparent iron precipitate formed in the samples
between the time the anoxic elutriates were filtered and the
soluble ortho P analyses were made. Each of these elutriates
was, therefore, refiltered. To estimate the quantity of phos-
phorus removed with the precipitate, an attempt was made to
calculate the total phosphorus concentrations of the original
filtrate. However, the large quantity of iron interfered in
the analysis and total P cqQuld 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. 1In each case, one replicate
showed an increase in soluble orthophosphate and the other
showed a decrease (Table 399). Differences in the ortho 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 400 presents soluble orthophosphate data
for Duwamish Site 2 elutriate tests. Although the replicate
elutriates showed 1.8 to 3.6-fold differences in soluble ortho
P concentrations, the direction of concentration changes
relative to thesite water was the same in the replicates.

Both the 20 percent oxic and 20 percent anoxic elutriates

860
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Table 398

Total Phosphorus Concentrations:

Duwamish River Sediment Samples

(mg P/kg dry weight)

Sampling Site Total Phosphorus
X SD
1 508 76
2 82 2 j
3 925 21

Mean and standard deviation calculated from duplicate
disestions of one sample.

Table 399 ¥

Soluble Orthophosphate Concentrations: Duwamish River Site 1

Oxic and Anoxic Elutriate Tests

(mg P/1) i
Sample Soluble Ortho P Total Phosphorus !
Designation X SD X SD
Site Water 0. 079 0.001 sl 0.006
5% Oxic A 0.054 0 - -
B 0.13 0 - -
20% Oxic A 0.19 0 - -
B 0.050 0.001 - -
20% Anoxic A* 0.29 0.001 - -
B* 0.042 0.001 - -

A and B are replicates.
Dash (-) indicates not applicable.

Mean and standard deviation calculated from triplicate analyses
of one sample.

*Samples refiltered prior to analysis to remove material in
suspension.
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Table 400

Soluble Orthophosphate Concentrations: Duwamish River

Site 2 Oxic and Anoxic Elutriate Tests

(mg P/1)
Sample Soluble Ortho P Total Phosphorus
Designation X SD X SD
Site Water 0.079 0.001 0«11 0.005
% Oxic A 0.072 0.001 ~ =
B 0.039 0 - =
20% Oxic A 011 0.002 - =
B 0.40 0 ~ =
20% Anoxic A* 0.23 0.001 - -
B¥* 0.42 @003 - =

A and B are replicates. . : 5
Mean and standard deviation calculated from triplicate analyses

of one sample.
Dash (-) indicates not applicable.

*Samples refiltered prior to analysis to remove suspended
material.

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.0O. 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 (which had been refiltered) showed an in-
crease in soluble ortho P resulting from elutriation. The

reported concentration is likely lower than that present
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Table 401

Soluble Orthophosphate Concentrations: Duwamish River

Site 3 Elutriate Tests and Plop Test

(mg P/1)
Sample Designation Soluble Ortho P
N SD )
Site Water 0.079 0.001
Elutriate Tests:
5% Oxic 0. 032 0.002
20% Oxic 0.020 0.001
20% Anoxic ¥ 0.41 0.003
Plop Test (12 0.030 0.001
v
Mean and standard deviation calculated from triplicate analyses.
*Sample refiltered prior to analysis to remove a precipitate.

immediately following the elutriate test. Soluble ortho P
concentrations in the oxic elutriates and in the plop test
elutriate were lower than those in the site water.

These soluble ortho P concentrations can be re-
lated to the D.0. content of the elutriate after settling.
The 5 and 20 percent elutriates had D.0O. concentrations of
4.8 and 3.6 mg/l, respectively, whereas the anoxic elutriates
had less than 0.5 mg/1l D.0O. Although the plop test solution
contained only 1.7 mg/l D.0., its soluble ortho P concentra-
tion was about the same as that of the 5 percent oxic
elutriate.
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From these tests it would appear that when dealing

with the water and/or sediment with a high iron content, if
the oxygen conditions resulting from dredged material dis-
posal could be estimated, the direction of change in soluble
orthophosphate concentration might be predicted. 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.

Organic Compounds

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 402 lists the peaks and relative retention
times for these samples and is derived from Figure 120B.

It can be seen that only a small amount of release of chlorinated
hydrocarbons occurred.

Table 403 lists the concentrations of chlorinated
hycrocarbons and related parameters found in these samples.

In the sediment pp'DDT (25.9 pg/kg), pp'DDE (4.5 ug/kg),

PCBs (406 ug/kg),and heptachlor (1.8 ug/kg) were detected.
The o0il and grease content was 702 mg/kg and total organic
carbon was 3.6 percent. Heptachlor (2.8 ng/l) and PCBs (11.5
ng/1l) were detected in the site water. Release of pp'DDE
(2.8 ng/1), heptachlor (4.0 ng/l),and PCBs (33.4 ng/l) could
be seen in the elutriate,

The fine silt sediment was collected at Duwamish
River Slip 1l(site of the PCB spill described earlier) with a
pipe dredge. Water 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
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Table 402

Relative Retention Correlation Data:

Duwamish River

Site 2 Elutriate Test
Peak Organic
Number Compound Xmm Rr Sediment Water Elutriate
1 29 0.46 v / v
2 33 0.52 v v Y
3 37 0.57 v v v
4 40 0.63 v " v
5 45 0.71 v i v
6 48 0L76 vV v v
7 Heptachlor 51 0.81 24 VY v
8 57 0.90 vV vV %
9 g4 1..02 vV v vV
10 69 1.10 v v v
11 75 1,18 v i /
12 85 1.35 v v
13 Heptachlor 91 1.44 v 4 Y
Epoxide

1y 98  1.56 v Y
15 136 1.7 ¥ ’ Y

16  pp'DDE 121 1.92 v % v

17 128 2.03 v Y Y

18  Dieldrin 138 2.19 v Y Y

19 148 2.35 v

20 154 2.4y v Y
21 176 2,79 v r
22 192 3.05 %

23 pp'DDT 213 3.38 2% j
24 236 3.75 v

25 256 4.06 v

(Continued)
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Table 402 (Concluded)

Peak Organic
Number Compound Xmm Rr Sediment Water Elutriate
26 278 B4 4
2 298 4.73 Vv v v
28 332 a2 %
29 335 532 vV
30 4oy 6.41 vV
31 440  6.98 v
2 544  8.63 v
Y = Compound was indicated on one column.

vV

= Compound was indicated on two columns.

the sediment bucket was poured off and mixed with the other
water taken with the pipe dredge. These waters are referred
to as sediment-associated water.

Table 404 presents the results for PCB, oil and
grease, and carbon analyses of these samples. The sediment
contained 3,222 ug/kg PCBs and 1.7 percent TOC. In the
sediment-associated water, the PCB concentration was 175 ng/l
and TOC was 80 mg/l. The concentrations of PCBs and TOC in
the surface water were 70 ng/l and 60.3 mg/l, respectively.
The sediment was compared to several Aroclor standards and

most closely resembled Aroclor 1248.
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Data for Organic Compounds and Related Parameters:

Table 403

Duwamish River Site 2 Elutriate Test

Sediment Water Elutriate
Parameter
Chlorinated Hydrocarbons: (ug/ke) (ng/1) (ng/1)
Aldrin < 0.4 < @.5 < 0l.6
op'DDT < 1.6 < 3,0 < 3.0
pp'DDT 25.9 < 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 < 0
PP 'DDE 4.5 = A8 208
| Dieldrin < 0.8 ol < 2
E Endosulfan I < 0.9 £ 1.2 < 1.2 v
! Endosulfan II < 3.4 < Lo < 4.4
Endrin < 1D < %6 < 1.6
Heptachlor 1.8 2.8 4.0
Lindane < D2 <o 3 < Dwid
g PCBs 406 11.5 33.14
Other Organic Compounds (mg/1) (mg/1)
0il and Grease 702 mg/kg < 0.5 < D5
TOC 3.6% NT 257
Total Inorganic Carbon 0.2% NT 10.5

868




Table 40Ou

Data for Selected Organic Compounds:
Duwamish River Slip 1

Sediment-Associated Surface
Parameter Sediment Water Water
(mg/1)* (mg/1)*
PCBs 3222 ug/kg 175 70
0il and Grease NT < 0.5 < 0.5
Total Organic
Carbon 1.7% 90 60.3
Total Inorganic
Carbon 0.1% 54.0 2295

*PCB concentrations in ng/1l.
NT = Not tested.

Biocassays

The Duwamish River sediment toxicity data were
collected for bioassays with P. pugio in elutriates using
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 U4
to 5 mg/l, with approximately 0.02 mg/l present as unionized
ammonia. In addition, the elutriates showed decreased D.O.
concentrations and increased levels of turbidity.

Total ammonium and D.0. concentrations were
measured at the end of the 96-hour test period. The data
presented in Table 406 show that the ammonium concentration
increased slightly in each bioassay elutriate. Table 407
indicates that the one-hour aeration period following the
one-hour settling period was sufficient to raise the D.O.

to above 4 mg/l. No further aeration was used.
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Table 406
Total Ammonium Content: Duwamish River Site 3 Elutriate

Bioassays at Completion of 96-Hour Test Period

Total Unionized
Dei?mﬁiiion pH Ammonium Ammonia
& (mg N/1) (mg N/1)
Control A il 010 <500
B g0 0,10 < 0.0k
5% A i i) 2.14 < 0.01
B 750 2 b < 0010
20% A 70 5.84 0.02
B a2 51023 0,02
A and B are replicates.
Table 407

Dissolved Oxygen Concentrations: Duwamish River Site 3

Sediment Elutriate Bioassays over Test Period
(mg/1 @ 20-21°C)

Time Control 5% 20%
(hr) A B A B A B
0 Tel0 70 4.3 38 250 L.
1% e b2 63 6.0 6.0 5.9
24 6 2 6+95 3.9 3.9 355 3.4
48 58 bk 39 3.8 [ 32
i Sow b 60 3Vt il 3.2 Z o8
96 5.4 5+6 3.6 s 340 2

%

A and B are replicates.

Measurements taken after first hour of aeration.
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The results of the metal analyses of the bioassay
elutriates are presented in Table 408. The data show large
releases of both iron and manganese. Manganese concentra-
tions ranged from 29 ug/l in the 5 percent tests to over
6900 pg/l in the 20 percent sediment tests. Copper release
in the 20 percent elutriates was approximately two to five
times that of the controls. Mercury was removed in the §
percent sediment tests and released in the 20 percent tests.
A ten-fold increase in cadmium was observed in one 5 percent
replicate; the other showed no significant change. Lead was
removed in both the 5 and 20 percent sediment tests. No
significant changes from the test water concentrations were
observed for chromium, nickel, and zinc.

Table 409 presents the results of the bioassays
using Site 3 sediments. Only one organism died over the en-

tire 96-hour test period.

Field Studies

Characteristics of Study Site

The mechanically dredged Duwamish River sediments

were loaded onto a barge and disposed of in Elliott Bay

(Puget Sound). The water column at Buoy D, the disposal site,

was monitored for approximately 4.5 hours, a period which
included pre-disposal conditions and two disposal operations.
The disposal operations were monitored while the
sampling ship was anchored at Buoy D in Elliott Bay. Two
split-bottom barges at a time, hooked up in sequence, were
brought out to Buoy D from the dredging. LEach barge dumped
its material when adjacent to the sampling ship. When the
first barge was empty, the second one was moved into place
and the procedure repeated. The barges were either upcurrent

from the sampling vessel or parallel to it in the current.




*s231eoTTdaa 2ar g pue v

gl BEOEZ £ hE 0" 4T 6°ET 90T 0°z> 3 hSeg d

360°0 LLECE 9 TL 3°¢e 5° 12 88T 0°z> iE i Z969 ¥ 3usdasd gz
o
~

T100° 0> clle | 86T 6°¢CT LRI A 0" Z> 9°Z LLTZ 4E @

T00° 0> 9068 £°1¢ 6°¢L RN SEL he 0°Z> g ¢€e 0thz V¥ 3usouasd g

090°0 Sl 8°hT £°6h 6°€T Th 0°Z> £ 62 g

090°0 EE S 8 Lt 6°TT 9L 0°¢> 1 € Bh v T043u0)

34 33 no qd IN uz a9 |2}9) UW uotieudrsaq

a1dweg

(T/31)
sAesSseoTg 93PTJIINTI IUSWTPSS

€ 931TS JIATY YSTwemng :STPI3 AARDY JO 2SEBIT9Y
80h 3TqeL




sz3eoITdaa 3Jae g pur vy

0T 0T 0T £ 0T 0T 96
0T 0T 0T 6 0T 0T f18
0T 0T 0T 6 0T 0T ZL
0T 0T 0T 6 0T 0T 089
0T 0T 0T 6 0T 0T g8t
0T 0T 0T 6 0T 0T gt
0T 0T 0T 6 0T 0T he
0T 0T 01 3 0T 0T 2T
0T 0T 0T 0T 0T 0T 0
g v d 4 g Y (39)

mmmWmeuhmw 1UDUTPaS mdﬁmwmm 3e 3utaTy 0oT3nd ‘g mmuwwwmww aumT]

S23BTJINTI JUBWIDPAS £ 93T

ISATY YsTuwemng

60t S19BL

iawt] JO UOTIOUN] P Se SUWNTOA 23RTJINTI [BIOL
JO jusdJasg uswIpes Burhkaep o3 otand d Jo asucdsay

874

-




The time between the two dumps varied from 5 to 10
minutes. Each barge dump took 1 to 2 minutes. The barge
was very close and sometimes touching the sampling vessel
during the dumps. The distance between the barge and the
pumps used to take water samples during the dumps and between
the barge and the other monitoring equipment varied between
15 and 100 feet.

Current measurements were made at varying depths
in the water column. Table 410 shows a profile of the
currents at Buoy D several hours before the first disposal
operation. From surface to one meter off of the bottom the
current speed varied from 0.05 to 0.175 cm/sec. The faster
currents were found at mid-depth, between 23 and 43 meters,
and the slower currents were found in the upper and lower
thirds of the water column. The measured direction of the
current was quite variable. Throughout the water column it
ranged from 50° to 245°, 1In the upper half of the water
column, the range was 50° to 325°., In the lower half it was
85° to 280°, Table 411 shows current direction readings
over time at a constant 30 m depth. The direction was quite
variable, ranging from 55° to 360°,

During the disposal operations the current meter
was maintained at 60 meters. The direction of the current
during this period generally ranged from 285 to 290° and was
considerably steadier than the current at 30 meters. The
current speed ranged from 0.1 to 0.5 cm/sec.

The climatic conditions during the Elliott Bay
disposal operation varied. Initially the sky was overcast with
light rain and very light winds. During the day the winds
grew quite heavy, gusting to 30 mph. The seas became heavy
with white caps. There were intermittent heavy showers

during the day. The temperature was approximately 45°C.
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Table 410 .
Pre-Disposal Current Profile at Buoy D in Elliott Bay

February 17, 1976

! Time Depth Direction Speed
i (hr:min:sec) (m) (° magnetic) (cm/sec)
,‘ 9= 5100 3 270 0.05-0.075
9:53 30 8 50=270 Q.1
9:56:00 1LE) 310-325 002
9:57:30 13 80 QA0
9:58:00 18 2u5-260 .10
10:00:00 2.3 275-280 D175
10:02:00 28 10-25 0.5
10:03:00 83 350-25 0.10
10:05:00 38 360-35 g.15%
10:06:00 %3 80-90 0.11 v
16 :07:3 48 360-10 0.18
10:08:15 53 325-360 0.10
10:09:15 53 40-65 0.075 1
10:10:00 58 310-315 0.05 !
10211 530 61 (1 m off bottom)280-320 0.08-0.10

Optical Properties

Changes in turbidity at the Elliott Bay disposal
site were monitored with a transmissometer. The data were
collected using a 10 cm light path, Figure 121 presents the
pre-disposal data collected at the Elliott Bay disposal site
at 9:30 on the day of the disposal operations. The percent
transmission steadily decreased with depth through the water

column. The surface waters had a 47 percent transmission

while the bottom waters showed a 24 percent transmission.
These values were much lower than those found during disposal.

The data collected at 12:23:20 and 12:27:15
(during disposal) are presented in Figure 122. They show
a much higher percent transmission than noted earlier in the

surface waters. Readings were taken at depths of 1, 3,and 5
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Table 411

Current Direction at 30 Meters at Buoy D in Elliott Bay

Time Direction®
(hr:min:sec) (° magnetic)
192030 55-75
10:21 00 80-95
18:22 200 300-315
3222 L5 90-95
1023 :45 310-315
10:24:15 345
10 2% : 45 270=381L5
10:27 245 5-315
10:28:45 80 ¥
1G:29:185 3.1L5 ]
101229 :50 60
1023030 360

*Speed was 0.075-0.1 cm/sec.

meters. The data showed little fluctuation at 3 meters
five minutes after the dump.

Data were collected with two 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 likely due to a turbid surface water
cloud arising from sediments which washed out of the barge

after it left the disposal area.
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The data collected during the first disposal opera-

tion at a depth of 60 meters are presented in Figure 124.
The readings decreased sharply just after disposal. Within a
ten-minute period, the percent transmission returned to the
pre-disposal levels. During that ten-minute period, however,
the percent transmission decreased to zero upon three separate
observations. Transmission at 60 meters did not show the
decrease 30 minutes after disposal that was seen at 5 meters.
This difference indicates that the cause for decreased percent
transmission was localized in the upper waters.

Data were collected during the second disposal
operation at depths of 30 and 60 meters. Figures 125
and 126 present these data. At 30 meters a smaller decrease
than that seen earlier was noted approximately 10 minutes
after disposal. The readings returned to the pre-disposal
levels within 20 minutes of disposal. The plot of the data
collected from a depth of 60 meters shows extreme variability
after disposal. The effects of the disposal were seen more
quickly at this depth than at 30 meters. There was not the
quick return to pre-disposal condition seen at 30 meters;
instead the system exhibited large fluctuations in values.
The condition at the bottom appeared to stabilize by 50
minutes after disposal.

The disposal operations caused detectable changes
in the turbidity of the water column. In most cases, within
60 minutes or less (a relatively short period of time) the
turbidity conditions adjacent to the disposal site returned

to the pre-disposal levels.

In Situ Measurements

The water column was measured for D.0. and tem-
perature at 5 meter intervals to a depth of 60 meters,
which was 1 to 2 meters off the bottom. The first disposal
operation took place at 1ll:44 on February 17. Circumstances

(loss of anchorage) prevented the taking of samples during
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the actual disposal, so only pre- and post-disposal data

are available. The pre-disposal data (Table 412) were
taken from 11:25 to 11:43. The temperature ranged from
7.0°C near the surface to 8.5°C at 60 meters. Dissolved
oxygen concentrations ranged from 1l4.4 mg/l near the surface
to 9.8 mg/l at 60 meters. Figure 127 shows the D.0. pro-
files of the water column before and after disposal. There
was a small increase in temperature and decrease in D.O.
The temperature ranged from 8.0 to 8.SOC, and the D. Qs
ranged from 10.4% to 9.7 mg/l. The decrease in D.0O.was less
than 1.0 mg/l throughout the water column, except for the
top 5 meters. The reason for the marked difference in D.O.
in the surface waters is uncertain because D.0. was not
monitored during disposal.

Pre- and post-disposal water column profile data
for the first disposal operation (Elliott Bay Dump No. 1) are
presented in Table 413. Pre-disposal measurement was com-
menced at 1l4:06. The temperature ranged from 8.0 to 8.50C,
while D.0. ranged from 10.7 mg/l at the surface to 9.2 mg/l
at 60 meters. The post-disposal profile (15:20) showed the
same temperature range. Dissolved oxygen, however, ranged
from 9.3 to 8.7 mg/l, decreases of 1.4 and 0.5 mg/l from
corresponding pre-disposal values. Figure 128 is a plot of
the pre- and post-disposal D.0O. reading. The D.0O. was rela-
tively uniformly decreased by 0.5 mg/l, except at the surface
where the decrease was 1.4 mg/l.

Temperature and D.0. were continuously monitored
at a depth of 60 meters. Table 414 shows that the temperature
remained at 8.0°C. However, there were fluctuations in D.O.
concentrations (more clearly seen in Figure 129). Neverthe-
less, these changes were very small, 0.1 and 0.2 mg/1l 02.
Post-disposal D.0O. changes were so slight that one cannot

attribute them to the disposal.
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Table 412

Pre- and Post-Disposal Water Column Measurements:

Ellictt Bay Unmonitored* Disposal Operation

Time Depth Temp D0
(hr:imin) (m) °c) (mg/1)
11:25:00 5 7.0 4.4
13:30:00 10 8.0 11.4
13:32 200 15 8.0 11.1
11:34%:00 20 8.0 10.8
11:35:00 25 8.0 10.5
11:36:00 30 8.0 10.4
11537200 38 8.0 10. 4
13:37 00 _ 40 8.0 103
11:39:00 45 8.0 16: 1 Y
11:41:00 50 8.5 102
Els42:00 55 855 1050
11:43:00 60 8.5 9.8 !
Unmonitored Dump Occurred ‘

L3s L8000 1 8.0 10.4
13517400 9 8. 5 102
13518500 10 Bl 10.4
13219200 £S5 8.0 10.4
LI 5ES 30 20 8.0 102
A3t 20400 25 8.0 10.2
L3ie 221500 30 8.0 101
13:Z2Ut30 35 8.0 10.0
13522700 40 8.0 9.9
131422200 ) 8.0 9.9
E3%23500 50 845 9.8
132400 55 85 g8
Las 2% ¥ 00 60 85 Lo O
¥Circumstance prevented sampling boat from being present
during actual disposal operation.
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Table 413

Pre- and Post-Disposal Water Column Measurements:

Elliott Bay Dump No. 1

Depth D. 0, Salinity
(m) (mg/1) (°/00)

i 8.0 10.7 23.0

5 8.0 10.0 258
10 8.0 10.0 2555
L5 8.0 9.8 25,5
20 8.0 9.8 25,5
25 8.0 G 2157
30 8.0 956 25.8
35 8.0 2ho 16) 259
40 8.0 9.4 26.0
43 8@ g3 26..0
45 8.0 9.5 -
50 8ie S g.u -
55 815 9.3 =
60 8.0 9,2 =

- Dump Occurred

1! 8 5 g -

5 8.5 s 2 -
10 Bieh 9,2 =
15 8.5 9.2 =
20 85 93 -
25 8 b 9, 2 -
30 85 ] -
39 8D 9l =
40 8.8 0] =
45 8.8 8 -
50 8.0 8.8 =
Gb 8.0 87 -
60 8.0 8.7 -

available.
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Table 414

Changes in Dissolved Oxygen and Temperature at 60 Meters:

Elliott Bay Dump No. 1

Time

Temp

BD. 0. Time

Temp D.O

(hr:min: (9C)  (mg/1) Gpamin (90 (mg/1)
sec) sec)
14:28:00 8.0 9.2 14:42:00 .
14:29:00 8.0 9.0 14:42:30
14:31:00 8.0 9s 1 14:43:00
14:32:08 8.0 2 14:43:30
14:33:00 8.0 9 14:44:00 : 5
14:36:06 8.0 G 1 14:44:30 814
14:35:00 8.0 9.3 14:45:00 8. "
14:36:00 8.0 Gl 14:46:00 8 8
14:36:30 - Dump No. 1A
14:37:00 8.0 9ot 14:47:00 8y
14 237:30 8.0 8.9 14:48:00 8
14:38:00 8.0 8.9 14:49:00
14:38:30 8.0 9.0 14:50:00 .
14:39:00 8.0 9.0 1451700 g
14:39:30 - Dump No. 1B
14:39:30 8.0 8.9 14:55:00 S
14:40:00 8. 9.0 15:00:00
14:40:30 8.9 L5540 00 .
148130 9,0
890
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Pre- and post-disposal data for Elliott 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/l at the surface to
9.0 mg/l at the bottom. The post-disposal profile (17:30)
showed a temperature range from 8.0 to 8.5°C. The D.O.
range (9.2 to 8.8 mg/l) was definitely lower than the pre-
disposal range. Figure 130 presents the profiles of D.O.
data. The post-disposal plot shows a slight (approximately
1.0 to 0.2 mg/1l) decrease in oxygen concentration. Consider-
ing the high initial D.0O. levels, the decrease is not sig-
nigicant to water quality. Figure 131 presents changes in
D.0. at 60 meters during Elliott 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-
tions were consistently below 100 ug/l. The cadmium and
copper concentrations, which varied little, were never above
4 pg/l; nickel and lead concentrations were consistently
below 7 ug/l. Zinc levels fluctuated somewhat, ranging from
2.9 to 12.9 pg/l. Mercury levels were below detection limits
(0.005 pg/1l) for most samples, although concentrations as
high as 0.04 ug/l were found.

The first dump (lA) occurred at 14:36:30 and the
second dump (1B) occurred at 14:39:30. Samples collected
during this disposal operation (Elliott Bay Dumps 1A and 1B)
showed no changes in the concentrations of chromium, cadmium,

nickel, lead, copper, and arsenic. Soluble iron increased




Table 415

Pre- and Post-Disposal Water Column Measurements:

Elliott Bay Dump No. 2

Depth ire—Disposal (16:50) Post-Disposal (17:30)
) emp D0 Temp Do

(ec) (mg/1) (°e) (mg/1)
il 8.0 10.2 8.0 9e 1l
5 8.0 8.9 8i.:5 9.0
10 8.0 9.8 8.5 932
k5 8.0 9.6 8.5 e 2
20 8.0 9.6 Bilerdy el
25 8.0 9.8 8i.'5 9.0
30 8.0 gees 8.5 8.9
35 840 LU 8.0 8.9
40 8.0 9.3 8.5 819
45 8.0 Shrerd 8.0 8.8
50 8.0 G2 8.0 8.8
55 8.0 -2 819’8 8.8
60 8.0 «0 8.0 8.8

as a result of disposal; concentrations as high as 328 ug/l

were observed at 1 meter and as high as 438 and 911 ug/l at

30 and €0 meters, respectively. The release of manganese

was also indicated, with concentrations in the water column

increasing 20 to 40 ug/l (to near 100 wg/l). As with iron,

the manganese release was more pronounced at the lower depths.
Concentrations of soluble iron and manganese re-

turned to pre-disposal levels within minutes of Dumps 1A and

1B. Higher levels did not persist in the sampling area for

893
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Figure 130

pPre- and Post-Disposal Dissolved Oxyge
(February 17, 19
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over seven minutes, although about eight minutes after the

dumps there was a slight increase (to 0.055 pg/l) in soluble
mercury at 30 and 60 meters. Elevated mercury concentrations
dissipated after about 30 minutes.

Elliott Bay Dumps Nos. 2A and 2B occurred at
16:47:55 and 16:50:20, respectively. No changes in the con-
centrations of cadmium, chromium, nickel, lead, copper, mer-
cury, and arsenic were observed for the samples collected
during these disposal operations. Only five samples at
various depths showed concentrations of these metals that
were above the pre-disposal levels. Manganese release was
more pronounced in these dumps than in Dumps 1A and 1B; con-
centrations increased at all three depths, with the maximum
139 ug/l. Both manganese and iron levels returned to pre-
disposal concentrations by seven minutes after disposal ceased.

The delayed release of mercury observed in the
samples from the first disposal operation was also detected
for the second disposal. Concentrations as high as 0.235
ug/l were observed in the 60 m samples collected about 8
minutes after Dump No. 2B. The elevated mercury levels per-
sisted for only three minutes,

The 4.5 hours of continuous monitoring in connec-
tion with the two Elliott Bay disposal operations allowed
a thorough examination of the resultant changes in heavy metal
concentrations in the water column. Increases in soluble
manganese, iron and mercury (delayed) were observed in both
disposal operations. Increases in iron and mercury are
readily apparent from the data in Table 416. The manganese
increases, not quite as dramatic, are more clearly discerned
in Figures 132 through 134,

As has been seen, elutriate tests on dredged
Duwamish River sediments and water predicted the observed re-

lease of manganese and iron, as well as the observed sorption
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of zine. They did not, however, show the mercury release seen

from the samples collected during actual disposal of Duwamish
B p

River sediment,

. S
1ty 1

SO T
e e R

Yo

itrogen
Results of ammonium and nitrate analyses of the
vater s les collected before, during and after disposal,
ippear in Table 417, Prior to disposal, ammonium concen-
trations were below 0.05 mg N/1 at all times and depths.
Nitrate concentrations, however, were extremely variable,

ranging from 0.31 to 0.49 mg N/1 at the three depths monitored.
No discernible pattern with respect to depth could be observed.
Elliott Bay Dump No. 1A did not affect ammonium
concentrations, although nitrate concentrations increased in
the bottom water for 15 seconds after the dump. Following
Elliott Bay Dump No. 1B, ammonium was released in the bottom
water, but nitrate decreased. However, the concentrations
of both returned to pre-disposal levels within one minute of

the increase,

v

During the nearly two-hour period between the first

4]

£

nd second dumps, ammonium concentrations in the bottom water
occasionally rose above 0.05 mg N/1. Nitrate concentrations
during this period ranged between 0.33 and 0.49 mg N/1.

Within one minute of Elliott Bay Dump No. 2A
ammonium increased and nitrate decreased in the bottom water.
From Table 417 it appears that the bottom turbid plume
took more than 30 seconds to reach the sampling point. A
significantly high ammonium concentration was observed in the
surface water immediately following Dump No. 2B, and nitrate
was again found to decrease. However, concentrations of both
shortly returned to ambient levels.

The only ammonium concentrations higher than 0.05
mg N/1 in the post-disposal water samples were in two bottom
water samples. Nitrate concentrations during this period
ranged between 0.23 and 0.44 mg N/1; there was no observable

pattern with respect to depth.
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Table 417
Ammonium and Nitrate Concentrations:; Elliott Bay Disposal

Operations, Material Dredged from Duwamish River

Time Depth Ammonium Nitrate
(hr:min:sec) (m) (mg N/1) (mg N/1)
13:07:30 1 <O 08 0.36
330800 30 <0.05 0.34 |
13:08:30 60 <0.05 0.41
13:54:00 1 <0.05 0.49 |
13:55:.00 30 < 0.05 0. 37
1.3 455250 60 <0.05 08
14:06:00 ik <0.05 ORi36
14:07:00 30 < 0.05 0.39
14:07:45 60 < 0.05 037 v
14:20:30 1 < 0.05 0L 37
14:21:00 30 <0.05 0.37
1421 :30 60 < 0.05 0.34
14:25:00 i <0.05 035
14:25:30 30 <0.05 0.40
T :25:50 60 <0.05 0.u48
14:30:00 L < 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 0.34 H
14:36:00 4l <0.05 0.49
14:36:30 B0 <0.05 0.41
14:36:30 - Dump No. 1A occurred.
14:36:45 60 <0.05 0.64
14:37:15 L < 0.05 0.48 _‘
(Continued)
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Table 417

(Continued)

Time Depth Ammon ium
(hr:min:sec) (m) _(mg N/1)
14:37:30 30 < 0.05
14:37:45 60 < 0,05
14:38:15 1 < 0.0b
14:38:30 30 <0.0%
LW :38:45 60 o0 17
14:39:30 1 <0.05
L4 :39:30 - Dump No. 1B occurred.
14:39:u8 30 <0.08
L4 :40:00 60 QX7
Ly :40:18 1 < 0,05
LW H0 040 30 < 0. 05
Lh:h%1:00 60 < QL U%
Lh:ul:15 1 <) 0%
L4 :41:30 30 < 0,08
Ll ub [ < 0.08%
L4 :42:30 \ LAl
L4245 (4 0.08
LW :43:00 30 < 0.08
TW 345 30 < 0.08%
LWl 00 b0 008
MUY REE 0 < 0.08
LWl ) 0.0
Lhubh 08 A < 0.0%
L s85:20 [ 0,09
Thaub i ho RIN < 0,08
L :hb 00 b0 0.08
L :46:20 0 < 0.085
Lh:ug: 30 b < 0,05
LW :47:00 RIN < 0.08%
TR S vl < 0.05
Ly:47:30 0 < 0.08
Lh:u8:00 6 < 0.08
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lable 41/ (Continued)

Time Depth Ammonium ‘Nitra

(hr:min:sec) (m) (mg N/1) (mg, N&?)
14:48:00 60 <0.05 0.40
L4 :48:30 11a < 0.05 039
14 :48:50 30 < 0,05 0.36
14:49:05 60 < 0.0% 0.40
14:50:00 1 < 0.0% 0.49
14 :50:30 30 < 0.05 0.42
Lh:50:46 60 < 0.05 0.36
14:55:00 1 < 0.05 0.38
Ly :855:2 30 < 0.05 0.38
14:55:45 60 0.07 0239
15 :60:00 1 <SRS0 0.35
L5 2002 30 < 0.05 @83
15:00:40 60 < 0.05 0.38
15:14:45 1 <0.05 0.40 v
3 5 0 RS 30 < 0.05 0.u42
L8 s15:30 60 < 0.05 0.34
15:30:00 1 <HQ0S 033
15 :+30 :15 30 < 0.05 0316
15:30:50 60 < 0.05 0.34
15:50:20 60 < 0.0% 0.34
16:02:00 i < (0. 05 0.36
16:02:45 30 < 0.05 0.37
16:03:15 60 < 0.05 0.36
16:15:30 1 <0.05 0.36
16:16 :45 30 < 0.05 0.40
16:18:30 60 < 0.05 0.39
16:30:00 60 <0.05 0.41
16:35:45 1 < 0.08 0.49
16:36:15 30 <0.05 0.46
l 16:36:40 60 < 0.05 0.40
16:40:00 1 < 0.05 0.4y
16:40:15 30 < 0.05 0.4l
(Continued)
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(hr:min:sec) (mg, N
16 :40:40 < 0,08 0.41
16 :hb: < 0.05 0.39
16 :45: < 0.08 0.43
L6 s h8s < Q.08 0.42
16 :45 < 0.05 0.42
16:4b6 < 0.08 0.35
16:46: < 008 0.34
16:406 < 0.05 0.37
L6 :47: < 0.05 0.34
26 T ¢ < 0.0 0.34
16 :47: < 0.05 0.36
L6 :u7 < 0.05 0.3%

16:47:55 - Dump No. 2A occurred.
16:48: <0.05 0.34
16:48: < 0.05 0.40
16 :48: < Q.08 0.36
L6 :49: 0.20 0.28
L6 a9 0.05 0.36
L6650 0.08 0.30

16:50:20 - Dump No. occurred.
16:50: 2.64 0.23
16:50¢ < 0.05 0.36
LG 2ol 53 < 0.05 0.36
26551 < 0.08 0.33
KGieH2'e < 0.05 0.36
16252 < 0.05 0.40
G652 < 0.05 0.33
1653 <0.05 0.u2
16:53¢ < 0.05 0.43
16:53¢ < 0.05 0.44
16:54 < 0.05 0.39
16 :54: <0.05 0.4l
16:54: < 0.05 0.43

(Continued)
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Table 417 (Concluded)

Time Depth Ammonium Nitrate
(hr:min:sec) (m) (mg N/1) (mg N/1)
16:55:00 60 <0.05 0.23
16:55:20 1 <0.05 0.34
16:55:40 30 <0.05 0.44
16:56:00 60 0.09 0.u42
16:56:15 1 <0.05 0.31
16:56:30 30 <0.05 0.34 |
16:57:00 60 0.06 0.38
16:57:20 ) < 0.05 Q.38
16257 :35 30 <0.05 0.43
16:58:10 60 < Q.08 0.4l
l 16:58:15 1 <0.05 0.33
16:58:30 1 < 0.05 0.43
16:58:30 30 <0.05 6,33 ¥ .
17:00:30 60 SN S e ans
17:00:30 Il <0.05 0.29
17:00:30 30 <0.05 0.33
17:03:00 60 <0005 0.33
17:10:00 1 <0.05 Qlail
17:10:00 30 <. 008 Q1S
17:10:00 60 < U U5 Wil
17:20:00 1 < 008 0.32
17:20:00 60 < UL0S 0,38
17:21:00 30 < 0,08 0. 31
17:31:30 1 < 05,08 0.41

‘ 27:83% 30 30 < 0,05 U &2
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In order to minimize sample processing time for

organic N analysis composite disposal operation samples were

prepared by mixing equal volumes from two different water
samples. Every sampling depth and every sampling period
(i.e., before, during and after disposal) was represented by
at least one composite sample. To calculate organic N con-
centrations of the composite samples, individual sample
ammonium concentrations below 0.05 mg N/1 were considered.
In the two samples with the ammonium concentration higher
than 0.05 mg N/1, ammonium was determined separately in the
composite samples,

Organic N data are presented in Table 418, from
which it can be observed that organic N concentrations were
much higher in the water samples collected prior to dis-
posal than in those collected during and after disposal. Con-
centrations in the bottom water were a little higher than v :
those in the overlying water. It appears that overall,
organic nitrogen decreased as a result of disposal opera-

tions. 1

Phosphorus Compounds

The mean soluble orthophosphate concentrations
during the 4.5-hour monitoring of the Elliott Bay disposal
operations can be found in Table 418. In general, it
appeared that the ambient water had similar soluble ortho-
phosphate concentrations at all three depths monitored.
Pre-disposal concentrations were generally between 0.085 and
0.097 mg P/1. There appeared to be an increase in concentra-
tion near the bottom immediately following Elliott Bay Dump
No. 1A, after which the concentration there began to decrease.
This decline appears to have continued until the second barge
dumped its load (Dump No. 1B), at which time the concentra-
tion rose and fluctuated between 0.040 and 0.066 mg P/1.
Within 55 minutes of Dump No. 1A, soluble ortho P near the

bottom appears to have returned to, and stabilized at, pre-
disposal levels.
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Table 418
Organic Nitrogen Concentrations: Composite Water Samples

Collected During Elliott Bay Disposal Operations

Composites Depth Organic N (mg N/1)
Times -
(hr:min:sec) (m) X SD

Pre-Disposal:

13:08:00
13:55:00 30 0.25 0.08
13:08:30
13:55:50 60 0.29 0.08
Dump No. 1:
14:42:30
14:48:30 i < 0.05 0.06
144415
14 :45:40 30 0.13 0.03
v
14:44:00 3
14 :45:20 60 0.20 0.06 |
16:15:30
16 : 4L : 45 1 0.07 0
16:30:00
16:40:40 60 0.07 0 |
Dump No. 2:
16:57:20
16:58:15 1 0.05 0.03
16:55:40
16:57:35 30 < 0.05 )
16:55:00
16:56:00 60 0.09 0.03
Post-Disposal:
17:10:00 30 0.05 0.03
17:00:00 60 0.17 a.is

17:03:30

Mean and standard deviation calculated from duplicate analyses.
*Water samples collected at designated times were combined 1:1
by volume and analyzed for organic N,
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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/1)
(hr:min:sec) (m) b4 SD
13:07:30 1 0.094 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 ik 0.097 0.001
14:07:00 30 0.097 0.001
14:07:45 60 0.090 0.001
14:20:30 1 0.090 0.002
14121100 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
14:25:50 60 0.090 0
14:30:00 1 0.088 0.001
14:30:30 30 0.096 0
14:31:00 60 0.094 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

(Continyed)
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Table 419 (Continued)

Time Depth ggluhlg_Qthg_E_Lmz_ELll
(hr:min:sec) (m) SD

14:36:30 - Dump No. 1A occurred.

14:36:45 60 0.k2 0
14:37:15 1 0.091 0
14:37:30 30 0.091 0
14:37:45 60 0.092 0
I4:38:15 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
14:39:30 - Dump No. 1B occurred.
14:39:45 30 0.076 0 ¢
14:40:00 60 0.028 0
14:40:15 B | 0.084 0
14:40:40 30 0.088 0
14:41:00 60 0.059 0
INIR1 1S g | 0.10 0
14:41:30 30 0.080 0.001
14:41:45 60 0.066 0
14:42:30 1 0.10 0
14:42:45 60 0.059 0
14:43:00 30 0.094 0
14:43:45 30 0.090 0
14:44:00 60 0.03%8% 0.002
I4:44:15 30 0.094 0.001
14:44:45 60 0.0u42 0.001
14:45:05 30 0.078 0.001
14:45:20 60 0.039 0 1
(Continued)
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Table 419 (Continued)
Time Depth Soluble Ortho P (mg P/1)
(hr:min:sec) (m) X SD
14:45:40 30 0.078 0.001
14:46:00 60 0.042 0
14:46:20 30 0.098 0
14:46:30 60 0.063 0
14:47:00 30 0..069 0
14:47:15 60 0.047 0.001
14:47:30 30 0075 0
14:48:00 60 0.053 0.001
14:48:30 i 0.078 0.001
14:48:50 30 0.076 0
14:49:05 60 0.042 0
14:50:00 1 0..072 0001
1%:50:30 30 0.078 0.001
14:50:45 60 0.04Y 0.001
18:55:00 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
15:14:45 1 0.082 0
d9215:15 30 0.085 0
15:15:30 60 0.064 0.001
15:30:00 X 0.096 0.001
15:30:15 30 0.093 0.001
15:30:50 60 0.088 0
(Continued)
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Table 419 (Bontinued)

Time Depth Soluble Ortho P (mg P/1)
(hr:min:sec) (m) pd SD
15:50:20 60 0.0%4 0.001
16:02:00 1 0.098 0
16:02:45 30 0.099 0
16:03:15 60 0.095 0
36:185:30 i 2 0.080 0.001
16:16:45 36 0.080 0
16718:30 60 0.080 0
16:30:00 60 0.080 0.001
16335585 i 0.080 0.001
16:36:15 30 0.084 0.001 v
16:36:40 60 0.081 0.001
16:40:00 3 0.083 0
16:40:15 30 0.080 .0.001
16:40:40 60 0.089 0.003
16:44:45 i 0.083 0
16:45:00 30 0.082 0.001
16:45:15 60 0.10 0
16:45:45 34 0.084 0.001
16:46:00 30 0.087 0
16:46:20 60 0.083 0
16:46:45 che 0.091 0
16:47:00 30 0.043 0
160710 60 0.082 s 00
16:47:40 i 0.072 0.001
16:47:55 30 (05 01 0.001

16:47:55 - Dump No. 2A occurred.

(Continued)
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Table 41y (continued)
Time Depth )i B
(hr:min:sec) (m) X SD

16:48:15 60 0.086 0.001
16:48:30 30 0.087 0.001
16:48:45 30 0.074 0.002

l 16:49:00 60 0.028 0
16:49:45 1 0075 0

| 16:50:18 60 0.030 0

! 5:50:20 - Dump No. 2B occurred
16:50:30 1 0.020 0
16:50:45 60 0.041 0
16:51:30 1 0.071 0
16:51:45 30 0.084 0.001 v
16:52:05 60 0.064 0.001
LB 5212 1 Bic0isty 0.001
16:572:50 30 0.088 @ 06d
16:53:10 60 0.074 0.001
EG 393830 1 0.073 0
16:53:45 30 05095 0.001
16:54:00 60 00938 0
16:54%:2 i 0.084 0
16:54:40 30 050195 0003
16555200 60 0.028 WSO
16:55:20 i 0.096 0.001
16:55:40 30 010 0.001
16:56: 00 60 0.040 0
16:56:15 | U 09S 0
16:56:36 30 0.092 0.001
16:57:00 60 0.040 0

(Continued)
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Table 419 (Concluded)

Time Depth Soluble Ortho P (mg P/1)
(hr:min:sec) (m) R SD

16387220 1 0.092 0.001
16357235 30 0.094 0.001
16:58:10 60 0.083 0
26:58:18 1 0.094 0
16:58:30 [E 0.084 0.001
16:58:30 30 0.086 0
17:00:30 60 0.040 0510104l
17:00:30 i 0.081 0
17500:30 30 0.081 0
270030 60 0.064 0. 002
1710300 1 0.081 0.001
27:20:Q0 30 0.094 0.001
LF:Y0s500 60 0.076 0.00X
127:20:00 X 0.20 0.001
17:20:00 60 0.061 0
1152190 30 0.089 0
2731530 1 0.085 0001
17:31:30 30 0.081 0

Mean and standard deviation calculated from duplicate analyses
of one sample.
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| Concentratlions il L 1€ 1IN ace and mid-de pLil

1150 appeared to have stabilized at ambient levels within
about 55 minutes of the first set of dumps.

In the bottom waters, decreased orthophosphate
concentrations were found following D Nos. 1A anc B.
About 25 1 ute iften 15poO concentratio at 11 three
lepths appear to have returned to ambient levels (0,084 to
J.086 mg 1) . he concentration 1t all depths measured
dec i &d <45 § ed to 1P DI ‘l‘l'.' ) 18 24 0 ‘ifl\i remalined 1t 1bout
that level until the secon erjes 9 mps began.

Soluble orthophosphate concentrations appeared to
fluctuate somewhat (most noticeablv at mid-depth)
just prior to the second set of dumps. This decrease may
have been caused by leakage of dredged material from the
barges as they were preparing to dump their load. [he sur-
face concentrations of soluble ortho P decre: to 0,072
mg P/1 at about the time of Elliott Bay Dump No. 2A and
decreased to 0.02 mg P/1 immediately following Dump 2B.

They then rose steadily to ambient (0.096 mg P/1) and fluctu-

ited between 0.08 and 0.10 mg P/1 for the duration of the

monitoring period.

Concentrations at mid-depth fluctuated generally
between 0.08 mg P/l and 0.10 mg P/l during the second set of
dumps. Following Dump 2A, until the end of monitoring, the
soluble ortho P near the bottom showed three pulses of de-
creased concentration, the first two to 0.028 mg P/1, the
third to 0.040 mg P/1, rising to ambient levels in between.

Only the soluble crtho P concentrations near the bottom had

not returned to ambient levels by the time monitoring ceased.




There appear to have been some correlations between
soluble orthophosphate concentration and percent light trans-
mission (Figures 122 through 126), during the first set of
Elliott Bay dumps. As the percent light transmission at the
surface decreased following Dump No. 1B, 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
light transmission near the bottom had returned to ambient
levels within 10 minutes of Dump No. 1B, the soluble ortho P
concentrations remained below ambient levels until nearly
one hour after the dump. During Dumps 2A and 2B, the concen-
trations of soluble ortho P increased at mid-depth as the
percent light transmission decreased. 1In the near bottom
waters, there was a decrease in soluble ortho P before any
decrease in percent light transmission, but the second and g
third pulses of decreased concentrations coincided with de-
creases in percent light transmission.

Data from Elliott Bay disposal operations show that
the two sets of dumps had some different effects on soluble
orthophosphate concentrations in the water column. After
Dumps No. 1A and 1B, surface soluble ortho P fluctuated and
decreased to 0.072 mg P/1, although it generally stayed
within 0.01 mg P/1 of the ambient concentrations. By con-
trast, after the second set of dumps, the concentration de-
crease was more immediate and more pronounced (to 0.02 mg P/1).
Moreover, the soluble ortho P in the bottom water following
Dumps 1A and 1B appears to have remained at a depressed
level for ne<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>