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GBEC Disposal Operations

Lee et al. 31 monitored the results of seven disposal,
- - !_j~.\ .:

operations involving sediment dredged from the GBEC. 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

Lee et al. 31
--

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

lson 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 monito~ing site was 16 to 19 meters. In general, sam

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

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

water interface) waters. For parameters such as percent trans

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

submersible transducers. Generally the transducers were

maintained at a 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 14:30 on August 28, 1975. The surface turbid plume arrived
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at the sampling ship at 14:34 and passed at 14:36. 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 surface

current was 77 em/sec. Near the bottom it was on the order

of 21 em/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,

.following the disposal. As shown ln 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.O., 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.O. 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. Zinc, 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 Galveston Dump No.3 (Table 269)~ it in

creased four to five-fold near the bottom when the plume
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Figure 86
Percent Transmission: Galveston Dump No.3

near Buoy D, Dredged Material from
Galveston Bay Entrance Channel

Buoys 6-8, August 28, 1975
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Table 268
Ileavy /-Ietal Concentrations: Galveston Dump No. 3 Near Buoy_DJ

Dredged r·laterials from Galveston Bay Entrance

Channel Buoys 6 through

(August 28, 1975)
Tlm,,·of

Hn Cd Cr Zn Ni Pb Cu Fe ~Col! "ction Depth Hg

~..I~!,:,"in: sec) (m) SOL TOT SOL TOT SOL TOT SOL TOT SOL 1'01' SOL TOT SOL TOT SOL TOT SOL TOT SOL TOT

1": 07: 00 1 186 - 1.5 - <2 <2 6.9 l 1L 6 10.0 - 8.0 - 6.1 10.3 26 65 0.003 0.003 <2 <2

11': 0": 00 9 158 150 1.7 - <2 <2 6 .1 - 11. 3 - 12.7 - 7.8 - 17 - 0.003 0.003 <2 <2

)Io:ns:oo 18 129 11111 1.3 - <2 <2 3.6 6.11 7.5 - 9.3 - 5.0 - 21 I~ 5 <0.001 0.003 <2 <2

1": 30 - Dump occurred.
lh:~7:30 1 186 - 1.3 - <2 <2 1.0 29.8 10.0 - 11. 3 - 3.9 - 11 - <0.001 0.003 <2 <2

'1";.11:00 9 201 - 1.5 - <2 <2 8.5 2'-1.0 10.0 - 12.0 - 5.6 - 16 - 0.003 0.003 <2 <2

Iii: 311 - Surface turbid plume arrived at sampling location.
II, : .~Ii : 30 18 158 - 1.5 - <2 <2 11. '-I - 10.0 - 8.0 - 5.0 - 131 - <0.001 0.013 <2 <2

1":35:00 1 2113 - 1.7 - <2 <2 11.0 - 12.5 - 16.0 - 5.6 - 1i3 - <0.001 0.006 <2 <2
0)

110 : 35: 30 9 201 - 2.0 - <2 <2 15.7 - 12.5 - 1!l.0 - 10.5 - 69 281 0.003 0.003 <2 <2
~ 1.3 <2 <2 9.0 - 11. 3 - 9.3 5.0 92 0.003 0.016 <2 <2
0) 1I,: 3(,: 00 18 143 - - - - -

111:36 - Surface turbid plume passed sampling location.

t": 17: 00 1 186 - 1.3 - <2 <2 3.8 9.0 10.0 - 10.7 - '-1.11 4.7 21l - 0.003 0.003 <2 <2

1": 311: 00 9 201 - 1.3 - <2 <2 8.6 13.5 10.0 - 1'~. 0 - 6.1 - 28 - 0.003 0.003 <2 <2

J" :~9: 00 18 172 - 1.9 - <2 <2 11. 8 - 10.0 - 39.3 - 8.9 - '-17 - <0.001 0.006 <2 <2
-_._-

0{)L and TOT represent soluble fraction and total particulate concentration, respectivelY.
Pash (-) indi~ates no data available.



Table 269

Nitrogen Compound Data: Galveston Dump No. 3 near Buoy D

Dredged Materials from Galveston Bay Entrance

Channel Buoys 6 through 8

(August 28, 1975)

Time of Depth Organic N Ammonium Nitrate
Collection (m) (mg Nil) (mg Nil) (mg Nil)
(hr:min:sec)

14:02:00 1 0.35 0.01 o•06

14:04:00 9 0.30 0.02 1.50~t:

14:05:00 18 0.31 <0.01 o. 06

14:30:00 - Disposal occurred.

14:32:30 1 0.35 0.01 0.05

14:33:00 9 0.39 0.01 0.04

14:34:00 - Surface turbid plume arrived at
sampling location.

14:34:30 18 0.36 0.04 ~':

14:35:00 1 0.35 0.01 0.05

14:35:30 9 0.19 0.01 0.06

14:36:00 - Surface turbid plume passed
sampling location.

14:36:00 18 1.99 0.05 0.05

14:37:00 1 0.35 0.01 0.06

14:38:00 9 0.38 0.02 0.06

14:39:00 18 1.19 0.01 0.05

*These samples appear to have '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 0~3l mg

Nil before disposal to as high as 1.99 mg Nil after the sur

face turbid plume passed the sampling site. As expected,

disposal apparently had no effect on nitrate concentrations.

Phosphorus compounds. Table 270 pr~sents 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

lnverse 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 14:35, which is when the turbidity pattern would

have indicated an increase in soluble ortho P concentration~,

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 nlne minutes after the dump, it

is not possible to determine the extent or duration of this

lncrease.

Organic compounds. Concentrations of soluble TOe

In composite samples collected before, during,and after
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Table 270

Soluble Orthophosphate Concentrations: Galveston Dump No.3

near Buoy D Dredged Materials from Galveston Bay

Entrance Channel Buoys 6 through 8

(August 28, 1975)

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

14:02:00 1 <0.01 'VO.OOI

14:04:00 9 <0.01 'VO.OOI

14:05:00 18 0.016 0.002

14:30 - Dump occurred.

14:32:30 1 <0.01 'V 0

14:33:00 9 0.154 0.001

14:34 - Surface turbid plume arrived at
sampling location.

14:34:30 18 0.024 0.001

14 ': 35 : 00 1 <0.01 'V 0

14:35:30 9 0.531 0.008

14:36 - Surface turbid plume passed
sampling location.

14:36:00 18 0.076 0.001

14:37:00 1 <0.01 'V0.002

14:38:00 9 <0.01 'V 0

14:39:00 18 0.171 0.002

Standard deviation calculated from triplicate analyses of
one s amp Le , The approximate standard deviations indicate
that one or more of the replicates showed a concentration
below the detection limit.
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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

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 em/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 N,o. 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.O., salinity (specific conductance), and

pH data for Galveston Dump No.4. Figure 89 shows that just

after the turbid plume arrived, there was a drop of 1.7 mg/l

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

levels ten minutes after the dump occurred. Table 271 shows

that there was no significant change either in pH values or

salinity during the disposal operations.
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Table 271
Hydrolab Data: Galveston Dump No. 4*, Dredged Materials

from Galveston Bay Entrance Channel Buoys 1 through 3

(August 29, 1975)

Time of
Collection

(hr:min:sec) pH

Dissolved
Oxygen

(mg/l@29°C)

Specific
Conductance

(fJmhos/cm)
Salinity

(°/00)

12:47:30

12:54:30

12:55:00

12:57:00

8.3

8.2

8.2

8.2

6.5

6.6

6.5

6.5

43,000

48,000

48,000

48,000

28

31

31

31

31

30

30

30

30

30

30

30

47,000

47,000

47,000

47,000

47,000

47,000

6.3

6.3

6.4

6. 5

6.6

8.2

8.2

8.2

8.2

8.2

8.2

13:03:00

13:04:00

13:04:30

13:05:00

13:05:30

13:06:30

13:07:30

13:08:30

13:09:30

13:10:30

12:58 - Dump occurred.

8.2 6.5 48,000 31

8.2 6.6 48,000 31

8.2 6.5 48,000 31

8.2 6.5 48,000 31

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

13:000:00 8.2 6.5 48,000 31

13:00:30 8.1 4.8 47,000 30

13:01:00 8.1 5.5 47,000 30

13:01:30 8.2 6.0 47,000 30

13:03:00 8.2 6.4 48,000 31

13:02 - Surface turbid plume passed sampling location.

8.2 6.3 48,000

6.5 47,000

6.4

6.4

12:58:00

12:58:15

12:58:45

12:59:15

:':Depth - 14 m.

Dash (-) indicates no reading taken.
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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.4; In fact, 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 from 14

meters, showed increased mercury concentrations. These values

ranged from 0.010 to 0.048 yg/l (0.003 yg/l was observed prior

to disposal). These higher concentrations occurred about two

minutes after the surface 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.

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 for 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

Nil) was observed in the surface water at 13:02:30. However,

by 5 minutes after the surface 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 after the surface piume

passed, concentrations apparently returned to ambient

levels. Table 273 sho0s a tim~ lag between ths 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.
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Tahl~ 272
Heavy 11eta1{' Concentrations: Galveston Dump No. " Near Buoy D

Dredged Materi~ls from Galveston Bay Entrance

Channel Buoys.l through

(August 29, 1975)

(l1g/1)

--lInH~ of
tlll __Cd__ Cr Zn Wi Pb Cu Fe Hg ~(n\l'?ction Depth

(llr_: IlJjJI: sec) (rn) SOL TOT SOL TOT SOL TOT SOL TOT SOL TOT SOL TOT SOL TOT SOl. TOT SOL TOT SOL TOT
17: :,1, :00 14 186 - 1.7 <2 <2 1'1.8 - 11. 3 - 9.3 - 7.2 - 58 ~31 0.003 0.003 < 2 <2

12:58 - Dump occurred.

1;>:.5 q ;10 14 201 - 1.5 - <2 <2 13.8 ~ 12.5 - 14.7 . - 5.6 - 35 344 <0.001 0.003 < 2 <2

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

13;0[):30 1 172 - 1.5 - <2 <2 12.8 - 10.0 - 12.7 - 8.3 - 18 46 <0.001 <0.001 < 2 -:2

1.1:01:30 8 186 - 1.7 - <2 <2 7.2 - 10.0 - 10.0 - ~." - 13 103 0.003 0.003 < 2 <2

13: 02 - Sur-f'ac e turbid plume passed sampling location.

[1;(17:10 1 123 160 2.1 - <2 <2 13.2 92.1 - - 3.6 59.8 6.1 28.1 37 1100 0.003 0.039 < 2 < 2

1 1 : I)]: 00 B 105 - <0.5 - <2 <2 7.3 - - - 3.1 - 2.6 - 9 - <0.001 0.023 < 2 < 2

OJ 1:J: OJ: ]0 8 - - <0.5 <2 <2 - - - 2.4 - - - 7.2 - IIao <0.001 0.003 < 2 < 2
tV [ 1 : 0"1 : :,0 14 105 182 <0.5 <0.5 <2 <2 8.5 59.9 0.7 16.8 3.1 37.9 3.5 21.2 25 1700 0.003 0.016 < 2 < 2
CJ1

] 3; 0'1 : J 5 B BB III <0.5 <0.5 <2 <2 9.6 30.9 6.6 - 2.0 88.0 3.5 12.7 13 900 0.016 - < 2 < 2

11: 0'1 : 30 14 - 1117 <0.5 2.2 <2 <2 7.0 22.0 3.3 5.9 11.0 lli.6 2.6 6.7 227 900 0.010 - < 2 < 2

1 j: 05: 30 Il 35 200 <0.5 <0.5 <2 <2 7.9 24.7 2.7 11.5 1.7 13.1 5.7 8.2 155 900 o.Oqa - < 2 < 2

j):OG:OO 1'1 18 200 <0.5 <0.5 <2 <2 2.5 4'1.2 11.1 12.9 <1 26.3 2.8 15.2 <5 1100 0.023 0.023 < 2 < 2

11: or, : ,0 1 1" 126 0.7 - <2 <2' 2.4 10.8 3.6 - <1 7.3 4.0 IL2 <5 - 0.006 0.010 < 2 < 2

11: I) 7; 15 II, 25 200 0.6 - <2 <2 1.11 54.3 2.8 l't .0 <1 30.6 2.8 18.7 8 1100 0.006 0.016 < 2 < 2

1.1: Og : '15 1'1 56 165 0.7 - <2 <2 2.3 18.B 3.6 7.7 <1 14.6 3.6 7.2 15 1000 0.006 0.006 < 2 < 2

1.': 11: 30 B 29 lOB <0.5 <0.5 <2 <2 2.0 5.4 2.8 - <1 5.8 2.8 - <5 22 0.006 0.026 < 2 e 2

11: 17: 15 1 IrO 133 <0.5 <0.5 <2 <2 1.6 ,3.7 11.1 - <1 5.8 2.3 3.7 <5 55 0.003 0.023 < 2 < 2
---.- ---~_._-----

''/"'''' ~xpl"",,li()n of ;;01. and TOT s<:!~ Table 20U.

1'·,,'11 (-) iwli~at~s 110 datn i1vai1'lblf'!.



Table 273

Nitrogen Compound Data: Galveston Dump No. 4 near Buoy D,

Dredged Materials from Galveston Bay Entrance

Channel Buoys 1 through 3

(August 29, 1975)

Time of Depth Organic N Ammonium Nitrate
Collection (m) (mg Nil) (mg Nil) (mg Nil)
(hr:min: sec)

12:52:00 1 0.01

12:53:00 8 0.01

12:54:00 14 0.30 0.02 0.05

12': 58 - Disposal occurred.

12:58:30 1 0.01

12:58:45 8 0.02

12:59:30 14 0.35 0.01 0.10

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

13:00:30 1 0.87 0.01 0.06

13:01:30 8 0.30 0.06 0.05

13:02 - Surface turbid plume passed
sampling location.

13:02:30 1 7.24 0.36 0.09

13:03:00 8 0.15 0.06

13:03:30 8 0.27 0.01 0.05

13:03:45 1 0.01

13:03:50 14 1. 31 0.01 0.05

13:04:00 1 0.01

13:04:15 8 0.66 0.02 0.07

13:04:30 14 0.65 0.03 0.08

13:05:30 8 0.63 0.01 0.08

13:06:00 14 2.05 0.01 0.05

13:06:30 1 0.39 0.01 0.13
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Table 273 (Concluded)

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

13:06:45 8 0.01

13:07:15 14 2.07 0.01

13:08:30 1 0.02

13:09:00 8 0.01

13:09:4t; 14 1.02 0.02

13:11:00 14 0.01

13:11:30 8 0.26 0.02

13:12:15 1 0.43 <0.01

Nitrate
(mg Nil)

0.10

0.07

0.07

0.05

Dash (-) indicates no analysis made.

In the bottom water, organic N concentrations showed

at least two maXlma. There was a sharp increase (to 1.31 mg

Nil) five minutes after the disposal, followed by a decrease.

Eight minutes after the disposal, a second increase (to 2.07

mg Nil) was observed. Nitrate concentrations started in

creasing 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, nitrate

concentrations did not show any clear pattern of variation,

although concentrations at both depths exhibited several

maxima.

Phosphorus compounds. Data in Table 274 show that

the soluble ortho P concentrations during Dump No. 4 appeared

to increase at all three depths during this disposal opera

tion. Concentrations increased 25 to 55 fold but returned

to ambient levels within a 6 to 8 minute period. These in

creases occurred shortly after a rapid decrease in light

transmission (Figure 88). It appears that the smallest
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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
Collection
(hr:min:sec)

Depth
(m)

Soluble
Orthophosphate

(mg F!l)

12:54:00

12:59:30

13:00:30

13:01:30

13:02:30

13:03:00

13:03:30

13:03:50

13:04:15

13:04:30

13:05:30

13:06:00

13:06:30

13:07:15

13:09:45

13:11:30

13:12:15

14 0.447

12:58 - Dump occurred.

14 <0.01

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

1 0.289

8 <0.01

13:02 - Surface turbid plume passed
sampling location.

1 0.547

8 0.018

8 <0.01

14 0.254

8 0.077

14 0.186

8 0.261

14 0.013

1 <0.01

14 0.012

14 <0.01

8 <0.01

1 <0.01

Concentration based on one analysis of one sample.
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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 Pill 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 TOe 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 oil and grease content for these composite

samples was < 0.5 mg/l.

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 8C1 meters from the dump site. The dredge passed be

tween the sampling boat and the buoy, disposing of 1115

cubic yards of the material dr,edged between Buoy~ 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 me-ters (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
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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.O. taken at 14 meters. The figure shows

that five minutes after the dump occurred, the D.O. con

centrations decreased 1.5 mg/l. Several minutes later

another depression in D.O. 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.

This 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

i~dication of manganese release (about 90 ~g/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 Nil. The

ammonium concentrations in the bottom waters and the nitrate

concentrations at all three depths are plotted in Figures 92

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 275

Heavy Metd1 Concentrations: Galveston Dump no. 5 Near Buoy D.

Dredged Materials from Galveston Bay Entrance Channel

Buoys 1 through 3

(August 29. 1975)

(\1g/1)

Time of Mn Cd Cr Zn Ni Pb Cu Fe Hg As
Collection Dcpth --
(hr:min:sec) (m) SOL • TOT SOL TOT SOL TOT SOL TOT SOL TOT SOL TOT SOL TOT SOL TOT SOL TOT SOL TOT

111:26: 30 2 96 - 1.1 - <2 <2 1.5 7.9 8.1 - 7.5 - 4.1 - <5 72 0.016 - <2 <2

111:27:00 - Dump occurred.

1'1:27:00 8 69 - 1.1 - <2 <2 3.5 5.2 9.0 - 10.0 - . 3.2 - <5 19 0.006 0.006 <2 <2

111: 28: 00 - Surface turbid plume arrived at sampling location.

14:28:00 16 118 - 0.9 0.9 <2 <2 1.2 6.8 9.0 - 8.B - 3.6 - <5 54 0.006 0.023 <2 <2

1'1: 28 : 30 2 89 - 0.9 0.8 <2 <2 <0.5 5.4 8.1 - 7.5 - 3.6 - 6 66 0.003 0.006 <2 <2

111:29:00 - Turbid plume passed sampling location.

11j:29:1j5 8 1110 - 1.1 1.7 2 2 3.3 17.9 0.0 12.2 17.7 - 6.2 7.11 17 17 0.006 0.023 <2 <2

14:30:30 16 82 - 1.4 - <2 <2 4.8 17.5 6.7 7.1 7.5 - 4.5 - <5 920 0.003 0.. 010 <2 <2

0'> 1'1: 30: 115 2 115 123 1.0 1.2 <2 <2 3.3 18.4 2.3 12.4 7.3 23.3 3.0 8.0 11 63 0.003 0.006 <2 <2
W 111:31:15 16 1110 - 1.5 - <2 <2 2.2 4.0 7.3 8.3 16.4 16.1j 8.2 - 9 390 0.003 0.006 <2 <2
W

11j: 31: 30 8 81 - 0.9 - <2 <2 12.5 - 3.6 4.9 13.3 - 3.1 - 11 27 0.003 0.006 <2 <2

14:32:00 16 55 89 1.2 1.3 <2 <2 11.5 42.1 9.5 28.5 6.3 12.4 5.0 10.0 <5 1200 0.006 0.010 <2 <2

14:37:30 8 156 210 1.4 1.8 <2 <2 4.0 16.5 7.3 11. 9 15.0 - 6.5 7.4 <5 21 0.006 0.006 <2 <2

JII: 37: 115 16 29 280 1.7 - <2 <2 3.4 33.9 2.5 23.8 13.3 38.9 l.8 26.8 <5 16.300 0.006 0.030 <2 <2

II, : 33: 00 2 89 - 1.1 - <2 <2 2.7 6.3 8.1 - 56.9 - 11.5 4.0 <5 85 0.006 0.006 <2 <2

]1': 33: 30 16 IJl 123 1.1 - <2 <2 4.1 62.3 9.5 12.8 10.0 44.3 5.0 22.8 <5 1500 0.003 0.023 <2 <2

14:33: 115 16 135 - 0.7 - <2 <2 5. J 49.8 5.2 22.8 12.4 52.6 2.8 19.8 35 10.700 0.006 0.020 <2 <2

.( Continued)



Table 275 (Continued)

Time of Hn Cd Cr Zn Ni Pb Cu Fe Jig As
Cullcction Depth --
(hr:min:sec) (m ) SOL TOT SOL TOT SOL TOT SOL TOT SOL TOT SOL TOT SOL TOT SOL TOT SOL TOT SOL TOT

Ll: 3'1: 30 16 123 144 1.1 1.5 <2 <2 2.0 40.1 9.5 14.0 11. 3 35.2 3.6 111.1 <5 6800 0.006 0.016 <2 <2

.1'1: 35: 15 16 175 263 1.5 1.6 <2 <2 4.9 33.1 9.0 17.8 11.1 24.7 7.5 15.3 30 10200 0.003 0.049 <2 <2

111 : 3:' : 10 16 171 - 0.6 1.7 <2 <2 10.8 36.1 12.4 14.8 12.4 33.4 6.9 13.1 639 6900 0.003 0.023 <2 <2

]LI:36:15 16 55 171 1.1 - <2 <2 4.7 30.7 7.1 21. 2 10.0 29.7 1i.1 11.1 17 6600 0.003 0.010 <2 <2

111 : 36: 30 16 69 - 0.9 - <2 <2 2.4 39.6 10.5 19.6 8.8 32.5 11.1 13.1 <5 6800 0.003 0.010 <2 <2

14:3"/:00 16 - 211 5 - 1.2 - <2 - 22.7 - 18.6 - 37.5 - 18.3 - 10200 <0.001 O. 0113 <2 <2

111:37:30 8 140 162 1.5 1.8 <2 <2 5.6 10.5 9.7 - 13.7 16.9 6.2 - 9 2700 0.006 - <2 <2

(J) II, : 37: 115 16 189 - 0.9 - ·<2 <2 13.3 27 .5 17.2 - 16.9 21. 5 6.7 8.1 2300 11900 0.006 0.023 <2 <2
W 1":39: '15 8 123 2115 1.4 1.6 <2 <2 2.9 17.7 8.0 12 -.7 15.0 16.3 7.5 8.3 10 noo 0.003 0.016 <2 <2
+" 15.1 15.0 20.5 6 0.003 <2 <2Ill: 110:20 16 140 103 1.5 1.7 <2 <2 1.6 15.4 8.7 5.5 10.7 6200 0.030

Ill: 112: 00 16 129 210 1.6 - <2 <2 1], 7 22.6 1.0 14.6 8.0 29.0 2.9 10.1 32 11200 0.023 - <2 <2

111 : 4:3: II5 16 123 103 1.7 - <2 <2 2.0 17.2 8.0 13.5 20.3 111.8 6.2 9.8 9 1J700 0.006 0.006 <2 <2

14: "5: 115 16 105 158 1.7 - <2 <2 7.9 31. 3 8.7 111.1 19.0 21. 9 5.9 10.7 9 11100 0.010 0.010 <2 <2

111 : II (i: 30 2 100 158 1.11 1.6 <2 <2 4.5 ]4.8 2.1 13.0 8.7 19.1 2.2 8.3 <5 53 0.006 0.010 <2 <2

\11 : I, '1: 15 8 123 210 1.'1 - <2 <2 7.0 36.6 6.7 11.9 19.0 21. 9 6.5 6.9 12 19 0.016 0.006 <2 <2

(Continued)



Table 275 (Concluded)

--
Time of" Mn Cd Cr Zn Hi Pb Cu FE! Hg As

Colf.e c t Lon Depth --
(hr:min:sec) (m) SOL TOT SOl, TOT SOL TOT SOL TOT SOL TOT SOL TOT SOL TOT SOL TOT TOT SOL SOL TOT

I', : 117: 115 16 1 110 175 1.4 - < 2 < 2 ·4.0 20.9 7.7 16.5 15.0 30./1 7.2 13.5 161 7700 0.003 0.016 <2 <2
(J')

/1/: 50: 15 16 156 1511 1.2 1.3 <2 <2 11. 6 18.6 8.3 13.8 12.4 19.1 6.5 8.3 13 3700 0.016 0.016 <2 <2
W
01 ]." : 5 3: 15 16 - 228 - 1.7 - < 2 - 12.6 - 12.2 - 16.3 - 7.11 - 2700 0.006 0.006 <2 <2

15:02:12 16 193 210. 1. 11 1.5 <? < 2 9.6 12.6 8.0 12.2 15.0 - 6.2 7.4 58 3200 0.006 0.010 <2 <2

[5: 11 : 'IS 16 29 158 I.3 - <2 < 2 3.3 17.6 1.4 13.5 8.0 26.2 1.2 7.7 <5 2700 0.006 0.006 <2 <2

15:16:
'15

2 14 140 lo3 1.8 <2 < 2 2.1 16.9 lo6 i i .» 8.0 10.6 2.8 8.3 10 60 0.010 - <2 <2

[5:17:30 8 71 175 1.1 - <2 <2 7.7 - lo9 8.0 8.7 19.0 1.6 5.8 175 - 0.006 0.010 <2 <2

] 5: 18: 30 16 175 193 1.5 - < ? < 2 5.2 16.0 9.0 13.0 15.0 17.7 6.5 8.0 6 3200 0.006 0.006 <2 <'1

For explanation of SOL and TOT see Table 200.

[lash (-) indicates no data available.



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 Nil)

Time of Depth Organic N Ammon i urn~': Nitrate
Collection (m)
(hr:min:sec)

14:26:30 2 0.34 <0.05

14:27:00 - Dump occurred.

14:27:00 8 0.25 <0.05

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

14:28:00 16 0.36 <0.05 0.05

14:28:30 2 0.40 <0.05 0.06

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

14:29:30 2

14:29:4-5 16

14:29:45 8

14:30:45 2

14:31:15 16

14:31:30 8

14:32:00 16

14:32:30 8

14:32:45 16

14:33:00 2

14:33:30 16

14:33:45 16

14:34:30 16

14:34-:45 2

14:35:15 16

14:35:30 16

0.27

0.27

0.31

0.38

2.67

0.42

1.25

2 • 32

0.87

(Continued)
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<0.05

<0.05

<0.05 0.09

<0.05 0.08

<0.05 0.08

<0.05

<0.05 0.22

<0.05 0.09

<0.05 <0.04

<0.05 0.09

0.11 0.10

0.16 0.04

<0.05 <0.04

<0.05

<0.05 <0.04

<0.05



Table 276 (Continued)

Time of Depth Organic N Ammoni.um« Nitrate
Collection (m)
(hr:min:sec)

14:36:15 16 1.35 <0.05 0.09

14:36:30 16 0.38 0.12

14:36:45 - 2 <0.05

14:37:00 16 <0.05 0.71

14:37:30 8 0.42 <0.05 <0.04

14:37:45 16 0.74 0.10 0.12

14:39:45 8 0.35 <0.05 0.12

14:40:20 16 0.50 <0.05

14:41:00 2 <0.05

14:42:00 16 0.47 <0.05 0.12

14:42:45 2 <0.05

14:43:30 8 <0.05

14:43:45 16 0.47 <0.05 0.13

14:44:30 2 <0.05

14:45:15 8 <0.05

14:45:45 16 0.42 <0.05 <0.04

14:46:30 2 <0.05 0.11

14:47:15 8 0.35 <0.05 0.14

14:47:45 16 0.90 <0.05 0.12

14:48:30 2 <0.05

14:49:30 8 <0.05

14:50:15 16 0.32 <0.05 0.09

14:51:45 2 <0.05

14:53:15 8 0.09 <0.05 0.11

14:55:30 16 <0.05

15:00:30 2 <0.05

15:01:15 8 <0.05

15:02:15 16 0.31 <0.05 0.09

(Continued)
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Table 276 (Concluded)

Time of
Collection
Chr:min:sec)

Depth
(m)

Organic N Ammonium~': Nitrate

15:10:30

15:11:00

15:11:45

15:16:45

15:17:30

15:18:30

15:23:00

15:23:30

15:24:30

15:28:45

15:29:30

15:30~15

15:36:30

15:37:45

2

8

16

2

8

16

2

8

16

2

8

16

2

8

<0.05

<0.05

0.27 <0.05 0.08

0.47 <0.05

0.43 <0.05 0.11

0.74 <0.05 0.09

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

*For this and subsequent disposal operations, the analytical
detection limit for ammonium was adjusted to <0.05 mg Nil.
For further discussion~ see Part II.

Dash C-) indicates no analysis made.

are seen. Ammonium concentrations in the surface and mid

depth waters remained below the <0.05 mg Nil 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 surface and mid-depth waters. However, organic N concentra

tions in the bottom waters increased sharply (to 2.67 mg Nil)
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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.

Organic compounds. In the fifth dump, soluble TOe

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 Toe in the fifth dump were 19.8, 32.6, and

16.2 mg/l, respectively. Soluble oil and grease were below

the detection limit of 0.5 mg/l.

Galveston Dump No.6

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 em/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
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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!l)

14:26:30 2 <0.01

14:27 - Dump occurred.

14:27:00 8 <0.01

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

14:28:00

14:28:30

16

2

0.018

<0.01

14:29 - Surface turbid plume passed
sampling location.

14:29:45

14:30:30

14:30:45

14:31:15

14:31:30

14:32:00

14:32:30

14:32:45

14:33:00

14:33:30

14:33:45

14:34:30

14:35:15

14:35:30

14:36:15

8

16

2

16

8

16

8

16

2

16

16

16

16

16

16

(Continued)
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<0.01

0.024

<0.01

<0.01

<0.01

<0.01

0.012

<0.01

<0.01

0.010

0.010

<0.01

<0.01

0.018

0.014



Time of
Collection
(hr:min:sec)

14:36:30

14:37:00

14:37:30

14:37:45

14:39:45

14:40:20

14:42:00

14:43:45

14:45:45

14:46:30

14:47:15

14:47:45

14:50:15

14:53:15

15:02:15

15:11:45

15:16:45

15:17:30

15:18:30

Table 277 (Concluded)

Depth
(m)

16

16

8

16

8

16

16

16

16

2

8

16

16

16

16

16

2

8

16

Soluble
Orthophosphate

(mg P/l)

<0.01

0.128

0.020

<0.01

0.015

0.018

0.038

<0.01

<0.01

<0.01

0.013

0.056

0.017

0.018

<0.01

0.017

0.011

0.011

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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Dissolved oxygen. Dissolved oxygen concentrations

for Dump No. 6 are presented in Figure 95. The D.O. 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.O. 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

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 ~g!l at 1 m and 0.016 ~g/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 Nil.
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/l (detection limit) and 0.012 mg P/l.

During the passage of the surface turbid plume, the concen

trations did not rise above this level. The sample taken 11
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Table 278

Soluble Heavy Metal Concentrations: Galveston Dump No. 6 near

Buoy D, Dredged Materials from Galveston Bay

Entrance Channel, Buoys 3 through 7A

(September 9, 1975)

( gIl)

Time of Depth Mn Cd Cr Zn Ni Pb Cu Fe Hg As
Collection (m)
(hr:min:sec)

11:41:00 1 5 <0.5 ~2 4.4 2.7 3. 6 5.0 40 0.016 <2

11:42:00 9 42 0.8 <2 5. 7 5. 8 4.8 2.4 22 0.013 <2

11:42:30 15 <5 <0.5 <2 1.6 2. 3 3.6 30.0~': 29 0.015 <2
0"> 12:38:30 1 12 0.5 <2 1.6 2 • 7 3.6 25.0~': 35 0.015 <2
+="
""-J 12:39:00 9 5 <0.5 <2 2.9 2. 0 1.8 4.1 16 0.005 <2

12:39:30 15 5 0.5 <2 14.7 3. 0 4.3 2.2 50 0.013 <2

12:50 - Dump occurred.

-12: 50: 15 1 <5 <0.5 <2 11.3 3.0 3.6 3.7 18 0.016 <2

12:50:30 9 18 <0.5 <2 5.6 3. 7 4.5 4.1 51 0.013 <2

12:50:45 15 18 <0.5 <2 5.8 3.0 4.5 5.0 38 0.016 <2

12:55:45 15 5 <0.5 <2 1.3 2.7 6.3 3.6 46 0.013 <2

12:59:50 9 <5 <0.5 <2 13.8 2.6 4.j 2.4 40 0.013 <2

13:00:15 15 <5 <0.5 <2 9.3 3.4 3.6 5.0 151~': 0.016 <2

13:00:30 1 5 0.5 <2 1.8 2.0 2.7 4.8 46 0.019 <2

(Continued)



Table 278 (Continued)

Time of Depth Mn Cd Cr Zn Ni Pb Cu Fe Hg As
Collection (m)
(hr:min:sec)

13:00:45 9 <5 <0.5 <2 9.0 1.8 4.6 4.0 22 0.017 <2

13:01:15 15 <5 <0.5 <2 15.6 5.4 2.9 3.0 77 0.014 <2

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

13:02:00 1 12 <0.5 <2 4.6 3. 3 4.5 5.5 11 0.017 <2

13:02:15 9 <5 <0.5 <2 7 . 0 3. 0 2. 9 5.0 25 0.021 <2

13:02:45 1 <5 <0.5 <2 6. 5 2.2 2.1 1.2 21 0.014 <2

13:03:30 1 <5 <0.5 <2 6.3 2.6 3.6 2.5 17 0.021 <2

en 13:03:45 9 5 <0.5 <2 5.6 3. 3 4.5 4.7 29 0.012 <2
+=
(X) 13:04 - Surface turbid plume passed sampling location.

13:04:00 15 12 <0.5 <2 20.7 4.7 1.8 5.0 22 0.010 <2

13:04:30 1 <5 <0.5 <2 14.3 3.0 3. 6 2.0 18 0.017 <2

13:05:15 9 42 1.2 <2 5.5 5.8 4.1 2.7 19 0.001 <2

13:05:55 1 33 1.1 <2 6.5 5. 5 4.8 2.6 22 0.001 <2

13:06:50 15 15 0 ~t: O. 8 <2 5.4 6.5 3. 3 2.2 22 0.001 <2

13:08:10 9 42 1.1 <2 9 . 7 6. 5 4.1 2.4 17 0.001 <2

13:10:00 9 42 1.0 <2 11.4 4.8 4.1 2.3 16 0.001 <2

13:10:45 1 42 2.4 <2 9.8 10.2 4.8 68.1~t: 21 0.007 <2

13:13:45 9 33 1.2 <2 8.2 6.5 3.3 2.6 . 282~t: 0.001 <2

(Continued)



Table 278 (Concluded)

--
Time of Depth Mn Cd Cr Zn Ni Pb Cu Fe Hg As

Collection (m)
(hr:min:sec)

13:15:00 1 50 1.2 <2 4.4 5.5 3. 3 2.4 11 0.003 <2

13:15:20 9 25 1.0 <2 10.7 5.8 2. 6 2.8 14 0.003 <2

13:15:35 15 33 1.0 <2 7.9 6.8 2.6 2.7 27 0.024 <2

13:21:15 15 58 0.8 <2 5.7 4.8 2.6 2.4 26 0.003 <2

13:30:30 1 50 1.1 <2 5.3 5.8 2.6 2.3 11 0.006 <2

13:31:00 9 25 1.1 <2 4.8 6.2 3. 3 2.2 22 0.018 <2

m 13:31:35 15 50 1.0 <2 4.3 6.2 2.6 2.2 22 0.003 <2
+" 14:16:15 1 58 1.1 <2 5.9 4.5 4.1 6.4 42 0.003 <2to

14:16:30 9 33 0.9 <2 8.6 4.5 2.6 2. 7 57 0.003 <2

14:16:45 15 50 0.5 <2 6.4 5.8 2.6 2.2 36 0.012 <2
-
*There were unusually high values of copper encountered at 11:42:30, 12:38:30 and 13:10:45,
ranging from 25 to 68 ~g/l. Two high values of iron, 151 ~g/l at 13:00:15 and 282 ~g/l at
13:13:45 were seen. One manganese value of 150 ~g/l at 13:06:50 was also quite high. These
high values do not correlate with depth (i.e., they are not all bottom samples), and it is
thought that they are probably due to analytical error or sample contamination.



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
Collection
(hr:min:sec)

11:41:00

11:42:00

11:42:30

12:38:30

12:39:00

12:39:30

12:50:15

12:50:30

12:50:45

12:55:45

12:59:50

13:00:15

13:00:30

13:00:45

13:01:15

13:02:00

13:02:15

13:02:45

13:03:30

13:03:45

13:04:00

Depth Ammonium
(m) (mg Nil)

1 <0.05

9 <0.05

15 <0.05

1 <0.05

9

15 <0.05

12:50 - Dump occurred.

.1 <0.05

9

15 <0.05

15 <0.05

9 <0.05

15 <0.05

1 <0.05

9 <0.05

15 <0.05

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

1 <0.05

9 <0.05

1 <0.05

1 <0.05

9 <0.05

15 <0.05

(Continued)
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Table 279 (Concluded}.

Time of Depth Ammonium
Collection (m) (mg Nil)
(hr:min:sec)

13:04:30 1 <0.05

13:05:15 9 <0.05

13:05:55 1 <0.05

13:06:50 15 <0.05

13:08:10 9 <0.05

13:10:00 9 <0.05

13:10:15 1 <0.05

13:13:45 9 <0.05

13:13:45 15 <0.05

13:15:00 1 <0.05

13:15:20 9 <0.05

13:15:35 15 <0.05

13:21:15 15 <0.05

13:30:30 1 <0.05

13:31:00 9 <0.05

13:31:35 15 <0.05

13:40:00 9 <0.05

13:40:35 15 <0.05

14:16:15 1 <0.05

14:16:30 9 <0.05

14:16:45 15 <0.05
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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)

Time of
Collection
(hr:min:sec)

11:41:00

11:42:00

11:42:30

12:38:30

12:39:00

12:39:30

12:50:15

12:50:30

12:50:45

12:55:45

12:59:50

13:00:15

13:00:30

13:00:45

13:01:15

13:02:00

13:02:15

13:02:45

13:03:30

13:03:45

Depth Soluble
Orthophosphate(m) _(mg P/l)

X SD

1 <0.01 'Vo

9 0.015 0

15 <0.01 evO

1 0.012 0.001

9 0.018 0.001

15 0.013 0

12:50 - Dump occurred.

1 0.01 0.001

9 <0.01 'VO

15 <0.01 'V0.003

15 <0.01 'VO.OOI

9 <0.01 'V 0

15 0.023 0

1 0.013 0.001

9 <0.01 'V 0

15 0.019 0.001

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

1 <0.01 0.001

9 0.012 0

1 0.011 0.002

1 <0.01 0.001

9 <0.01 'VO.OOI

13:04 - Surface turbid plume passed
sampling location.

(Continued)
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Table 280' (Concluded)

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

X SD

13:04:00 15 <0.01 ruO.OOl

13:04:30 1 <0.01 ruO.OOl

13:05:15 9 <0.01 ruO

13:05:55 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 ruO

13:13:45 9 0.022 0

13:13:45 15 0.024 0.002

13:15:00 1 0.022 0

13 : 15 : '40 9 0.015 0.001

13:15:35 15 <0.01 ruO

13:21:15 15 0.020 0.001

13:30:30 1 0.014 0

13:31:00 9 0.018 0.001

13:31:35 15 0.023 0.001

13:40:00 9 <0.01 ru 0

13:40:35 15 0.02 0

14:16:15 1 0.016 0.001

14:16:30 9 <0.01 ruO.001

14:16:45 15 0.011 0

Mean and standard deviations calculated from duplicate analyses
of one sample.
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minutes after 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/l. 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/l (detection limit) and 0.019 mg

P/l 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/l (detection limit). It

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.

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/l. It dropped back to

ambient levels about 4 minutes later, and fluctuated between

< 0.01 and 0.024 mg P/l for the duration of the sampling

period.

Texas City Channel Sediment Elutriate 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.

654



The first set of Texas City samples was collected

on March 28, 1975, at sites designated as TCC-l, 2, and 3.

Their locations are shown in Figure 96. The second set

of three site? (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 281. The first two sites (TCC-l

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, 44,and 40 percent, respectively. However,

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 ~ites except Site 3. Tables A24 and A25

of Appendix !~ present the data from the tests of 5 cc samples

of sediment from TCC-l 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 2811 in the first

hour for a cubic meter and one gram dry weight of TCC-l sedi

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

lar uptakes were measured in the first hour for TCC-2, 4.8 x

10 2 g 02 for a cubic meter and 0.64 mg 02 for one gram dry

weight of sediment.

The data from the oxygen demand test of TCC-l and

TCC-2 sediment are plotted in Figures 97 and 98. The
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Table 281

General Sediment Characteristics: Texas City Sediments

Sampling
Sulfide---- Percent Oxygen Uptake First Hour

Locat ion~'~ Eh
(mg/kg) Dry Weight Per Cubic Meter Per Gram Dry Wt.

(TCe Site) (mv) X -SD X SD (g °2) (mg 02)

1 1205 108 53 . o. 7 2 0.66- 38 5.0 x 10

2 1251 95 51 2.1 2 0.64- 20 4.8 x 10

4 -100 2519 10 38 O. 3 2
1.216.0 x 10

5 -136 237 10 44 0.9
2

1.174.5 x 10

6 -124 1557 140 40 0.1 2 0.766.1 x 10
en
U1
.....,J

Mean and standard deviation calculated from triplicate analysis.

*Site 3 sediment was not available for sediment analysis.
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/
.....1

slope was .... 0.020 mg 1 02m~n for TCC-l sediment. The slope

of the fast component of the TCC-2 plot was .... 0.026 mg/l 02

min- l the slow component slope was .... 0.017 mg/l 02 min- l

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 10 2

2 2g 02 (TCC-4), 4.5 x 10 g 02 (TCC-S), and 6.1 x 10 g 02 (TCC-6).

Again, TCC-4 and 6 had similar results (for uptake per gram

dry weight), with 1.21 mg 02 and 1.17 mg 02' respectively.

The TCC-5 samples had an uptake of 0.76 mg 02.

The data from these tests were plotted; Figures 99,

100, and 101present 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 02

min- l and -0.024 mg/l 02 min-I, respectively), while the
. .-1

TCC-6 fast component had a slope of -0.064 mg/l 02 mln .

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

/
. -1components; these slopes were -0.011 mg 1 02 mln and -0.010

mg/l 02 min-I, respectively. The TCC-5 sample had a slope of

/
. -1

-0.004 mg 1 02 mln

Elutriate Test General Parameters

On April 8, 1975, two 5 percent oxic and two 20 per

cent oxic elutriate tests were run on the TeC-l samples; one

of each pair was allowed to settle for one hour, the other

for 24 hours. The unused sediment and site water were stored

in the dark at 40C 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 5 percent
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and 20 percent OXlC elutriate tests were run on the TCC-l

sediment and water on June 17, 70 days after the first tests.

Elutriates were centrifuged prior to analysis for general

parameters and total constituents.

On June 19, 1975, variations of the anoxic/oxic

elutriate tests were run on TCC-l, 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 lin air. The.

elutriates were centrifuged (5 min. @ 9000 rpm) prior to

filtration.

Sediment and water samples collected from Texas

City Sites 4, 5,and 6 on September 20 were subjected 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 40C

until October 31 (40 days after collection). On that date,

duplicate 20 percent oxic tests were run on the TCC-4

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 282 presents the values for the g~neral

physical and chemical parameters measured during tests on

Texas City Channel Sites 1, 2,and 3 samples. In general,

site water D.O., turbidity,and specific conductance values

were greatest at the most seaward sampling site; pH showed

an opposite pattern.

Two 5 percent oxic and two 20 percent oxic elu

triate tests were run on TCC-l samples; one of each set was

allowed to settle for one hour, the other for 24 hours

(Table 282). The 20 percentt~sts consist~ntly'had' 16w~r·
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Table 282

General Physical and Chemical Parameters: Texas City

Sites 1, 2 and 3 Oxic £1 utriate Tes:ts

(mg/l @ °C)
Specific

Sample Dissolved Oxygen Turbidity Conductance Salinity
Designation Inltlal After Mlxlng After Settling pH (NTU) (~mhos/cm @ 25°C) (%0)

TCC-l:
7.9@23.5°Site Water - - 8.3 1 27,300 16.8

5% ( 1. hr'f* - 9.8@16.00 8.7@17.00 8.2 49 22 ,700 13.5

(24 hr ) - 9.5@14.00 4.7@24.00 8.1 8 25,300 15.5
m

8.3@17.00 6.3@21.00m 20% ( 1 hr) - 8.4 28 26,000 15.8
(11

(24 hr) - 7.1@14.00 4.2@24.00 8.1 1 26,700 16.5

TCC-2:
Site Water 7.8@10.5° - - 7 .8 5 27 ,500 16.8

5% ( 1 hr) - 9.8@16.00 8.7@19.00 8.2 5·2 26,500 16.5

20% ( 1 hr-) - 6.2@17.00 2.5@19.00 8.5 55 24,500 14.8

TCC-3
Site Water 11.4@10.5° - - 8.0 10 30,000 18.5

5% ( 1 h.r) - 9.7@15.00 8.5@18.5° 8.0 66 30,500 19.0

20% ( 1 hr) - 8.6@17.00 7.3@17.00 8.0 69 30,000 18.5

Dash (-) indicates not applicable.

;ITime in parentheses indicates duration of settling period.



D.O. than the 5 percent tests. The D.O. after the 24-hour

settling period was lower than it had been after one hour's

settling. In addition, the difference in D.O. between the

5 and 20 percent (24 hour) tests was less after the extended

settling periods. The pH showed little change upon elutria

tion. The turbidity was greater in the 5 percent elutriates

than in the 20 percent elutriates; turbidities were consider

ably lower after the additional settling time. Specific

conductance and salinity appear to have decreased after

standard elutriation. The decrease was less after the ex

tended settling period.

General parameter results from TCC-2 elutpiate

tests (Table 282,) showed the D. 0.'- coricen t r-at.Lons in the

5 percent test after settling to have been the same as in

the TCC-l elutriate. The D.O. after settling of the TCC-2

20 percent test, however, was considerably lower than it had

been in the corresponding TCC-l test. The pH increased

slightly upon elutriation. The values were about the same

as they had been in corresponding TCC-l elutriates. Turbidity

increased from 5 NTU in the site water to about 55 NTU. The

specific conductance decreased upon elutriation. It decreased

to a greater degree in the 20 percent test than in the 5 percent

one; this pattern was opposite that of the TCC-l elutriates.

The values of D.O. during elutriation with Tee Site 3

samples was about the same as it had been during TCC-I tests.

The final D.O. of the TCe-3 5 percent elutriate was slightly

higher than in the co~responding Site 1 elutriate, however.

The pH did not change as a result of elutriation. Turbidity

increased from 10 NTU in the site water to about 70 NTU in

both 5 and 20 percent oxic elutriates. The specific conduct

ance rose slightly after the 5 percent test, but remained at

30,000 ~mhos/cm @ 2Soe irithe 20'percent oxic elutriate. (All

sp~cifid conductance values are corrected to and reported at

25°C). The salinities of the TCC-3 sample site water and elutri

ates were greater than those of the other Tee locations.
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After the TCC-l sediment and water were stored in

,the dark 'at 40C 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.O. 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.O. 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

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 5 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, n.o~ rose to about

6 mg/l in both the 20 and 25 pe~cent tests. Following settling,

D.O. 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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Table 283

General Physical and Chemical Parameters: Texas City Site 1

Elutriate Tests Performed June 17, 1975*

Specific
Sample Dissolved Oxygen (mg/l @ 14-17°C) Turbidity Conductance Salinity

Designation rnl t .ia L After Mlxlng After Settling pH (NTU) (~mhos/cm @ 2SoC) (%0)

en Site Water 9.6 - - 7 .9 1 27,200 16.6
en

5% OxicOJ - 9.8 8.5 8.3 81 27,600 16.8

20% Oxic - 8.2 3.6 8.5 28 28,200 17.3

Dash (-) indicates not applicable.
*Samples collected March 28, 1975. A one-hour settling period was used.



Table 284

General Physical and Chemical Parameters: . Texas City Site 1 Anoxic/Oxic *

Elutriate Tests Performed June 19, 1975**

Dissolved Oxygen (mg/l @ °C)
After N2 ATt-er- Air ----After

Initial Mixing Mixing Settling

10.6@14.So

7.S@12.So <O.S@13.00

en
en
<D

Sample
Designation

Site Water

20% Anoxic/
Oxic

25% Anoxic/
Oxic

7.0@13.SO O.7@lS.00

6.2@13.00 1.O@16.00

5.9@lS.So 4.7@20.00

pH

7. 7

8. S

8.4

Specific
Turbidity Conductance Salinity

(NTU) (~mhos/cm @ 2SoC) (%0)

-
6 27,600 16.8

46 28,800 17.8

ISO 27,400 16.9

Dash (-) indicates not applicable.

*20 min. N2 mixing followed by 10 min. air mixing.

**Samples were· collected March 28, 1975.



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.O. 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.O. 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 oxygen

demand of the sediments appeared to be greater after storage,

as was found in the TCC-l storage tests. The D.O. 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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Table 285

General Physical and Chemical Parameters: Texas City Sites 4, 5 and 6

Elutriate Tests

Dissolved Oxygen (mg/l@ 17.5-20.9°C)
Specific

Sample Turbidity Conductance Sa6inity
Designation Inltial After Mixlng After Settllng pH (NTU) (~mhos/cm @ 25 0C) ( loa)

TCC-4 :
Site Water 7.7 - - 8.3 4 27,800 17.0

5% Oxic - 8.9 8.1 7 . 8 110 28,000 17.2

en 20% Oxic - 8.7 7.2 8.1 125 28,500 17.5
....,J...., TCC -5 :

Site Water 7.3 - - 8.2 4 27,700 17.0

5% Oxic - 8.8 7.7 8.2 150 28,500 17.5

20% Oxic - 8.8 7 . 9 8.1 150 27,000 16.5

TCC-6:
Site Water 5.7 - - 8.2 5 28,000 17.2

5% Oxic 4.3 6.6 5.8 8.2 61 28,000 17.2

20% Oxic < 0.5 4.6 1.3 8.3 46 27,000 16.5

Dash (-) indicates not applicable or not measured.



Table 286

General Physical and Chemical Parameters: Texas City Sites 4, 5 and 6

Elutriate Tests Performed October 31, 1975*

Specific
Sample Dissolved Oxygen ( rng/ 1 @ 220 C ) Turbidity Conductance Salinity

Designation Inltial After Mlxlng After Settllng pH (NTU) (~rnhos/cm @ 25 0C) (%0)

TCC-4:
Site Water 7 . 8 - - 7 .6 1 28,000 17.2

20% Oxic A 4.6 6.1 4.8 8 .2 78 27,600 17.0
en

B 4.1 5.1 2.6 8.3 25 25,500 15.5-....J
I'V

TCC-5:
Site Water 7.2 - - 8.1 3 28,000 17.2

20% Oxic 3.0 5.6 4.0 8 .2 47 25,000 15.0

TCC-6:
Site Water 7 .2 - - 8.0 2 26,800 16.5

20% Oxic 1.8 4.8 2.1 8.0 32 27,700 17.0

A and B are replicates.

Dash (-)indicates not applicable.

*Samples were collected September 20, 1975.



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-l, 2, and 3

samples exceeded the US EPA criterion1 0 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 criterion10for 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 &ets of sediment samples was considerable.
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Table 287

Total Heavy Metal Concentrations: Texas'City Channel
and 'l'urll~ng Ba s Ln Sed~ment Samples.' --

(mg/kg)•
S~mplillg Location I1n Cd Cr Zn Hi

..
co~~~ci:~e(l975) X

Ph ell Fe -.lie....- --A:i.-
SO X SO ~ SO X XSD SO X SO X SD X SD X SD ~ 51>

Murch 28: .*
TCC-l 8110 110 11.3 0.6 650 20 2ltO 60 720 20 50 30 If 0 1 23.2 0.3 0.68 0.0"

TCC-2 IlIlO 20 1f.5 1.3 3ltO 18'0 80 10 10 1 60 20 30 10 17." 1f.7 0.68 0.04 .*
'l'CC-3 11680 150 3.3 0.3 170 90 50 10 20 1 90 20 10 1 33.3 2.3 0."0 0.07 .*

September 20:

TCC-Ii 556 8 <0.5 - 77 5 160 3 21t .. < 1 - 83 1 26.3 0.3 0.0111 0.002 12.8 0.

'l'CC-5 557 21 <O.S - 58 II 11 It 6 21 2 < 1 - 1t3 1 26.0 0.3 0.031 0.002 11.8 0

TCC-6 671 13 <O.S - 90 3 1 ..1 2 25 1 < 1 - 60 1 25.8 0.5 O!O32 0 13.0 0.2

'D~sh (-) indicates single analysis.

Mean and standard deviation calculated from triplicate analyses.

*Iron concentrations in g/kg.
0/:,',

1\1IAlyses not performed.



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 'I'CC-l, 2, and 3 elutriate tests.

In the 20 percent tests of' TCC~l-,aIid~3 . sediment, .la:r'ge

amounts of manganese (1063 and 5760 ~g/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-l

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

the Sites 1 and 3 tests (approximately 50 and 20 percent,

respectively) and what appeared to be slight release (14.3

~g/l over 8.7 ~g/l found in the test water) in tests with

the TCC-2 sediment. There was small release of iron, 27

~g/l, in the tests on Site 1 sediment. The iron concentra

tion of the TCC-l site water was 5 ~g/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-l

elutriates. The site water contained 5.4 ~g/l, and the

elutriates contained 1.8 to 4.6 ~g/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-I elutriates settled for 24 hours than in the ones
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Tabte 288

Soluble lIeavy Metal Concentrations: Texas City

Sites 1, 2 and. 3 E1utriate Tests

(lIg/11

Sample ~ln Cd Cr Zn Hi Pb Cu Fe --.!!L_----- ----
Des i.gna t i.on X SO X SD X SO X SD X SO X S£J :'I SO j{ SD X SD.\

TCC-l:

Site Water 52 8 1.8 0.1 11.1 2.S 13.3 0.6 11.1 loS 3.6 1.2 S.II 0 S 3 -0.21 0.01

5% (1 hr) 262 52 S.5 1.9 108.11 8.1 11.8 3.9 11.11 3.1 3.9 2.11 11.6 1i.0 18 1 0.08 0.01

(211 hp) 551 13 3.8 0.6 111.11 S.6 5.1 0.9 9.5 1.9 11.1 0.1 11,2 1.6 15 8 .0.01 0.01

20% (1 hr) .626 118 5.9 1.1 159 10 11.7 2.:6 111.1 0.6 11.5 1.9 2.2 0.2 20 5 0.22 0.01

(2'1 h'r» 1063 35 3.9 1.2 1311.9 H 3.2 1.0 9.5 1.9 5.2 2.9 1.8 0.1i 27 S 0.10 0.01

en
-....J TCC-2:
en

Site Water 5 - <0.3 - <2.0 - 8.7 - 7.8 - <1.0 - <1.0 - < 1 - ;0.028

5% 296 11 <0.3 "'0 10.3 1.0 111.3 0.6 17.9 0.3 2.0 0 <1.0 "'0 2 1 ;0.0118

10% 1172 53 <0.3 "'0 3.7 2.3 10.7 0.8 9.8 o 2.0 0 <1.0 ",0 2 0 ;0.0111

TCC-3:

Site Water 12 - <0.3 - <2.0 - 19.3 - 11.6 - 1.0 - 1.1 - < 1 - ·0.099

5% 3970 17 <0.3 ",0 <2.0 ",0 15.7 0.11 6.9 1.1 3.2 2.3 <1.0 ",0 < 1 '" 0 0.0311

20% 5760 170 <0.3 ",0 1i.0 0 17.0 2.7 8.1 0 1.6 0 1.2 0.8 < 1 '" 0 0.0314

Mean and standard deviation calculated from duplicate analyses.

DilSh (-) indicates that standard deviation could not be computed.



settled for one hour. Chromium was also released by all three

sediments. The TCC-l site water contained 11 ~g/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

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-l elutriate

were small, but there appeared to be an increase over the

site water concentration (1.8 pg/l). Concentrations in all

samples with TCC-2 and 3 sediment were below the detection

limit (0.3 ~g/l).

There appeared to be removal of mercury from site

waters by all three sediments. Removal of mercury from the

TCC-l site water was highest (0.27 pg/l) in the 5 percent

test with 24 hour settling and lowest in the 20 percent test

with I-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 co~centrations, which were discussed in Part II.

Table 289 shows the results of metal~ analyses

of the site water and elutriates from tests performed with

the TCC-I 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 ln the copper, cadmium, chromium, and

lead concentrations were observed in the June test. In the
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Table 289

Soluble Heavy Metal Concentrations: Texas City Site 1 Elutriate Test

Performed June 17, 1975*

(Vg/l)

Sample Mn Cd Cr Zn Wi Pb Cu Fe --.!!.&----
De"ir,nation X SO X SO R SO R SO R SD R SO X SO X SO R SO
--

Site Water <2 "'0 0.9 0.0 2.9 0.3 8.2 4.7 5.3 0.2 <1. 0 "'0 3.0 3.1 8.5 2.3 0.009 0.004

en 5% 269 26 1.1 0.1 2.6 0.2 9.5 5.0 6.3 1.1 <1. 0 "'0 3.3 0.2 3ft .6 1.1 0.026 0.001l

~ 20% 539 26 1.0 0.0 3.7 0.1 10.9 0.1l 9.5 2.5 <1.0 "'0 3.5 0.1l 20.2 0.7 0.035 O.OOft
(X)

Mean and standard deviation calculated from duplicate analyses.

*Samples were collected March 28, 1975.



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 ~g/l. In the June test

chromium concentrations remained below 4 ~g/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. In 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-l

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

~g/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 ~g/l

in the 20 percent sediment test, which was four times the

amount found in the 5 percent elutriate. A very small
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Table 290

Soluble Heavy Metal Concentrations: Texas City Site 1
if

Anoxic/Oxic Elutriate Tests

(llg/l)

Sample Mn Cd Cr Zn Hi Pb Cu Fe----
Designation X SD X SD X SD X SD X SD X SO X SD X SD

Site Water 209 22 1.8 0.1 <I' "'0 13.5 '1. a 4.3 0.0 8.3 1.2 2.5 0.2 6.1 0.0

20% 1551 42 2.3 0.2 <1 "'0 9.1 - 18.6 3.4 '11.2 2.1 2.6 0.8 14.7 1.1

25% 475 ' - 2.1 - <1 "'0 14.0 2.8 18.5 - 9.8 - 1.7 - 19.2

Mean and standard deviation calculated from duplicate analyses.

Dash (-) indicates single determination.

*Samples were stirred with nitrogen gas 20 minutes, then with air 10 minutes.



'fable 291

Soluble HeE-.Y:LMeta1 Concentrations: Texas City Sites ~. 5 and 6

Oxic E1utriate Tests
(Ug!l)

Sample I1n Cd Cr Zn Ni Pb ---fu-_---- ---_.- e" _IIlL- ----.6s__~

rer:;ignat ion X SD X SO ~ SO R SD R SO X so X SD X SD X SD ~ SD

Tee-I! :

Site Water 7 l j 7.8 1.1 0 <2 - 1.3 - !J.9 0.7 7.2 1.1 5.7 0.2 5 1.0 0.007 0 <2

5% 315 79 1.5 0.1 <2 - 1.!J - 6.8 0.9 8.6 1,0 ~.2 0.1 ,12 0.9 '0.009 0.002 <2

20% 1200 200 1.5 0.1 <2 - < 1 - 5.~ 0.1i 8.6 1.0 3.8 O.~ .10 1.3 0.007 0 '<2

TCC-5 :

Site Water 68 0 0.8 0.2 <2 - 1.3 0.3 5.1 O.!J 15.0 1.0 5.7 0.5 .10 2.9 0.003 0 <2

5% 2750 !J95 0.6 0.1 <2. - < 1 - 8.2 0.3 13.9 0.6 3.6 0.3 :10 0.2 0.003 0 <2

m 20% 1200 2828 0.6 0.1 <2 - < 1 - 7.1 0.5 16.1i 1.0 6.4 2.3 .16 1.3 0.009 0.002 <2

CO
f-,-I

1'CC-6:

Site \vater' 51 7.8 1.11 0.1 <2 - 3.0 0.6 ".8 0 9.7 0.5 5." 0.3 . 5 1.0 0.007 - <2

5't 905 134 0.7 0.1 <2 - < 1 - 5.3 1.2 10.7 1.0 ".1 0.5 8 1.6 0.007 - <2

20% 1600 - 0.5 - <2 - < 1 - 5.7 - 12.1 - 3.7 - 20 - 0.007 - <2

Hean and standard deviation calculated from duplicate an~lyses.
flash (-) indicates stClndarcl deviation could not be calculated.



increase in iron, from 5 ~g/l to about 10 ~g/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 ~g/l in the 5

percent test. Nickel was observed to increase from 5 to 8

~g/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 ~g/l) and 20 percent concentra

tion (1600 ~g/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 ~g/l to less than 1 ~g/l.

Also, small increases in iron concentrations, from 5 ~g/l to

20 ~g/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 smne. 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 4
o C) , it 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
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Table 29?
Soluble Heavy tleta1 Concentrations: Texas City Sites ~. 5 and 6

'"
El~triate Tests Performed October 31, 1975

(lJg/l>

Sample,
Des Lgna't ion

Mn
X so ~

Cd

SO

Cr

5? SO

Zn
5? SO

Ni
5? SO

fib

x SO

CII

X SO

__re _
X SD

_1Ic......__
X SI)

_--As-
~ SD

TCC-tl:

Site Water 67 1.0 o <2 21.1 1l.1 43.0 3.1I 5.6 0.4 9.5 0.2 1." 0.010 O. 001l <2

7.1 35.0 11J.1 7.1 0.010 0.001l <2
en
co
w

20'1 Oxi.c A 1650

B 3000

350

42 11

1.3

<0.5

0.2 <2

<2

16.8

20.6 n.5 1I5.0 7.0

5.6

6.2

0."

0.1I

6.6

7.1

0.2

0.9

15

17 2.1 0.015 o <2

TCC-5 :

Site Water 50 o 1.0 0.1 <2 20.1 3.6 40.0 o 20.0 0.8 9.3 0.4 0.7 0.013 o <2

20% Oxic 1950 71 0.7 o <2 22.8 3.1 37.5 3.5 5.9 0.8 8.1 1.7 10 2.1 0.025 o <2

'l'CC-6:

Site Water 50 LO 0.1 <2 19.9 2.8 40.0 5.0 0.11 12.6 0.6 0.7': 0.007 0.002<2

20% Oxic 6100 990 1.3 0.1 <2 17.0 30.0 o 5.9 0.8 7.1 1.3 63 6.~ 0.018 o <2

A and B are replicates. =---
Mean and standard dcv La t Lon calculated from duplicate ana.l ynes •
f)""h (-) indicates not applicable.

t. Samples collected on September 20, 1975.



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-l 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. Arrunonium 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
Designation

Total Kjeldahl
Nitrogen

X SD

Organic N

X SD

Ammonium

X SD

TCC-l 1670 47

TCC-2 643 12

TCC-3 1820 432

TCC-4 1670 47 1376 159 294 112

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 NIl)

Sample Organic N Ammonium Nitrate
Designation X SD1~ X SD1~ X 3D"': ~'~

Site Water 5 . 0 1.0 0.59 0.04 0.08 0.01

5% (1 h r-) 3. 2 1.3 3.06 0.18 0.05 0.01

(24 hr) 2.2 0.7 3.84 o. 2 0.06 0.02

20% (1 hr) o. 2 1.5 7.5 0.1 0.05 0

(24 hr) o. 6 o. 6 10.3 0.07 0.02

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:
Oxic Elutriate Tests with

(mg N/l)

Texas City Sites 2 and 3
One-Hour Settling

Sample
Designation

Organic N
~+:

X SD

Ammonium Nitrate
~T: ~;

X SD

TCC-2:

Site Water

5%

20%

TCC-3:

Site Water

5%

20%

0.25

<0.05

<0.05

0.30

<0.05

<0.05

0.02

0.08

0.68

0.21

0.21

0.23

0.15

1.59

6.02

0.22

2.98

4-.66

0.01

o
0.08

0.01

0.01

0.23

0.11 0.01

0.11 0.01

0.09 0.01

0.11 0.01

0.09 0.01

0.11 0.01

Samples centrifuged prior to analysis.

*Mean and standard deviation calculated from duplicate analyses.

**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-l 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.

6~6



Table 296

Nitrogen Compound Concentrations: Texas City Channel Site 1

Oxic Elutriate Tests Performed June 17, 1975

(mg Nil)

Sample Organic N Ammonium Nitrate
Designation X SD~'~ X SD~: X SD~'d:

Site Water 0.23 0.02 <0.05 0 0.08 0.01

5% < 0.05 0.06 2.42 0.02 0.10 0.01

20% < 0.05 0.53 8.34 0.17 0.43 0.02

Samples centrifuged prior to analysis.

*Mean and standard deviation calculated from duplicate analyses.

**Mean and standard deviation calculated from triplicate
analyses.

Table 297

Nitrogen Compound Concentrations: Texas City Channel Site 1

AnoxiclOxic Elutriate Tests Performed June 19, 1975

(mg Nil)

Sample Organic N Ammonium Nitrate
Designation X SD~'~ X SD~': X SD~tc';~

Site Water o. 27 0.04 <0.05 0 0.10 0.01

20% 0.05 o. 5 12.3 0.1 0.12 0.01

25% 1.01 0.29 12.8 0.07 0.50 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 sample's, 'showed' O.,~2 mg"N/l

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 organic N release.

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.

Additional 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

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

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

tests, organic N release in TCC-5 elutriates was higher than

that in the September TCC-6 elutriates. Ammonium concentra

tions of site water showed a two-fold increase with storage.

Again there was considerable ammonium release from the TCC-4

and 6 sediments. Nitrate concentrations decreased in all the

elutriates in the later tests, although only the TCC-5

elutriate had shown a nitrate decrease previously.
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Table 298

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

Oxic Elutriate Tests

(mg Nil)

Sample
Designation

Organic N

X SD~':

Ammonium

X SD1~

Nitrate

TCC-4:

Site Water

5%

20%

TCC- 5:

Site Water

5%

20%

0.84

<0.05

<0 .05

0.79

0.93

<0.05

0.30

'Vo

'VO

0.22

0.16

'Vo

0.12

4.50

10.25

0.12

1.63

2 . 95

o
0.09

0.25

o
0.01

0.02

0.10

0.42

0.74

0.11

0.05

o. 09

0.01

0.01

0.02

0.01

0.01

0.01

TCC-6:

Site Water 0.15 0.09 0.12 0.01 0.04 0.01

5% 0.91 0.01 4.41 0.01 0.50 0.01

20% 2.65 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-l, 2,and 3), the greatest

concentration was found at TCC-l (farthest up the turning

basin), the lowest at TCC-2, and an intermediate value at

TCC-3 (the most seaward site). Concentrations at TCC-4, 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
Oxic Elutriate Tests Performed October 31, 1975

(mg Nil)

Sample Organic N Arrunoniu¥l Nitrate
Designation X SD~'( X X 3D ~t~ ~'~

TCC-4:

Site Water 1.89 O. 30 0.24 0.19 0.01

20% Oxic A <0.05 'Vo 9.38 0.10 0.02

B 0.32 0 15.1 <0.04 'Vo
TCC-5:

Site Water 0.31 0 0.22 0.09 0.01

20% Oxic 1.17 0.52 4.31 0.05 0.01

TCC-6:

Site Water 0.85 0 0.21 0.08 0.01

20% Oxic <0.05 'Vo 11.3 0.07 0.01

A and B are replicates.

*Mean and standard deviation calculated from duplicate analyses.

**Mean and standard deviation calculated from triplicate analyses.

Table 300

Total Phosphorus Concentrations: Texas City
Channel ..Sedim~tit

(mg P/kg dry weight)

Sample Total Phosphorus
Designation X 3D(TCC Site)

1 750 70

2 473 59

3 644 23

l+ 1468 34

5 937 7

6 1232 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-l 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

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

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

tration to 0.048 mg P/l. The 20 percent elutriate had the

same concentration as the site water. The total P/concentra

tion of the 5 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

P/l.

The TCC-3 five and 20 percent elutriates showed re

ductions in soluble orthophosphate concentration to 0.054 and

0.074 mg P/l, respectively,from the 0.10 mg P/l concentration

in the site water. The total P content remained virtually un

affected by oxic elutriation. Table 301 also presents phos

phorus concentrations in TCC-l 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

(mg P/l)

Sample
Designation

(1975)

Soluble Ortho P

X SD

Total P

X 3D

0.10 0

0.27 0.01

0.30 0.01

0.24 0.01

TCC-l (April 8):

Site Water

5% (1 hr)

(24 hr)

20% (1 hr)

(24 hr)

TCC-l (June 17):

Site Water

5% (1 hr)

20% (1 hr )

TCC-2 (April 8):

Site Water

5% (1 hr)

20% (1 hr)

TCC- 3 (April 8):

Site Water

5% (1 hr)

20% (1 hr)

0.095

0.24

0.30

0.22

1.3

0.082

0.15

0.36

0.11

0.048

0.11

0.10

0.054

0.074

0.021

0.005

0.008

0.008

0.03

0.003

0.004

0.003

0.006

0.002

o

0.003

0.005

0.003

>1.01c

0.12

0.09

0.24

0.13

0.13

0.15

0.01

0.01

0.01

0.01

0.01

0.01

Dash (-) indicates no analysis made.

Mean and standard deviation calculated from duplicate or
triplicate analyses of one 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-l

anoxic/oxic elutriates (Table 30.2) were nearly six times

greater than the concentration found in the 20 percent oxic

stored elutriate CTable 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.O. concentrations

after settling; the 5 percent elutriate had 5.8 mg/l D.O.,

whereas the 20 percent elutriate D.O. 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/l)

Sample Soluble Ortho P Total P

Designation X SD X SD

Site Water 0.11 0.002 0.11 0

20% 2.1 0 1.6 0.03

25% 2.1 0 1.8 0.03

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

Elutriates 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/l)

Sample Soluble Ortho P
Designation X SD

TCC-4:

Site Water 0.17 0

5% 0.28 0.018

20% 0.26 0.001

TCC-5:

Site Water 0.18 0.003

5% 0.13 0.003

20% 0.15 0.001

TCC-6:

Site Water 0.20 0.002

5% 0.12 0.001

20% 0.22 0

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



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 wate~ soluble ortho P wa~ 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
Sites 4, 5 and 6 Oxic Elutriate Tests

Performed October 31, 1975*

(mg P/l)

Sample
Designation

TCC-4:

Site Water

20% Oxic A

B

TCC-5:

Site Water

20% Oxic

TCC-6:

Site Water

20% Oxic

Soluble Ortho P

X SD

0.23 0.001

0.17 0.002

0.10 0.001

0.21 0

0.27 0

0.18 0

0.042 0.002

A and B are replicates.

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

*Samples collected September 20.
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Organic Compounds

A 5 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-l sediment. Aldrin, pp'DDT,

dieldrin, lindane, and PCBs were detected in the sediment.

The PCB value of 7426 ~g/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 residves on the

EC chromatograms of the sediment and water showed essentially

the same fingerprints detected in the TCC-l 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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A. 5 ul Sedime~t Extract,
Sulfur Removed

Total Volume: 1.0 ml - 10 9

II

27 28

31

.,
u
c
o
0-.,a:

B. 5 ~1 Raw Water Extract
Sulfur Removed

2\ 12 Tot a1 Vol ume: 1. 0 m1
6 7 91011 13'4 1516 18

C. 5]11 Elutriate Extract
Sulfur Removed

Total Volume: 1.0 ml

4

2

3 L

3 L

18 19 ZO

---------........- Retention Time (min)

Fi gure 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 'City Site TE1u'triate Test

Peak Organic X R
Compound mrn r Sediment Water E1utriateNumber

1 Lindane 18 0.22 II II II
2 23 0.28 I I I3 25 0.30 I I4 28 0.33 I I I5 32 0.39 I I I6 36 0.43 I I I7 39 0.47 I I I8 41 0.49 I I I9 46 0.55 I I I10 5·1 0.61 I I I11 56 0.67 I I I12 60 0.72 I I 'I13 66 0.78 I I I14 73 0.87 I I I15 Aldrin 83 1.00 II II II16 86 1.04 I I I17 95 1.14 I

18 103 1.27 I I I19 120 1.45 I I20 134 1.61 I I21 152 1.83 I I22 Dieldrin 169 2.04 II
23 177 2.13 I
24 197 2.37 I .;
25 209 2.52 I
26 pp'DDT 234 2.81 II II .1./
27 255 3.07 I
28 280 3.37 I
29 295 3.55 I
30 311 3.75 I
31 356 4.29 I

I = Compound indicated on one column.
II = 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

Chlorinated Hydrocarbons:

Aldrin

op'DDT

pp'DDT

op'DDD

pp'DDD

op'DDE

pp'DDE

Dieldrin

Endosulfan I

Endosulfan II

Endrin

Heptachlor

Lindane

PCBs

Sediment Water Elutriate

(lJg/kg) eng/I) (ng/l)

3.4 1.4 3.6

<1.6 <3.0 <3.0

8.4 <3.0~'~ <3.0~'~

<2.0 <2.0 <2.0

<2.0 <2.0 <2.0

<1.4 <2.0 <2.0

<1.4 <2.0 <2.0

2. 7 <1.2 1c <1.2 1c

<0.9 <1.2 <1.2

<3.4 <4.4 <4.4

<1.2 <1.6 <1.6

<0.3 <0.4 <0.4

1.0 <0.3~'c 1.5

7426 130 150

Other Organic Compounds

Oil and Grease

Total Organic Carbon

Total Inorganic Carbon

304 mg/kg

NT

1. 8%

NT

NT

NT

NT

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 ef 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-l 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 ~g/kg) was less than half of the value reported

for the TCC-l sample.

The water contained aldrin, lindane, and PCBs at

concentrations of 1.4 and 1.0 and 52 ng/l, respectively.

Release was 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 Water 22 were used in a series

of bioassays. Table 308, which presents the characteristics

of the bioassay elutriates of Texas City Site 1 sediments,

shows that the total ammonium nitrogen content for the 20

percent sediment test was approximately 7 mg Nil, of which

approximately 0.47 mg/l was unionized ammonia. In addition,

there were decreases in the D.O. and specific conductance
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Table 307

Data for Organic Compounds: Texas City

Site 4 E1utriate Tests

Parameter Sediment Water Elutriate

(}jg/kg) (ng/l) (ng/I)

Chlorinated Hydrocarbons:

Aldrin 2.6 1.4- 8.9

op'DDT <1.6 <3.0 <3.0

pp'DDT 6.2 <3.0 12.0

op'DDD <1.4 <2.0 <2.0

pp'DDD <1.4- <2.0 <2.0

op'DDE <1.4 <2.0 <2.0

pp'DDE 3.3 <2.0 5.6

Dieldrin <0.8 <1.2 <1.2

Endosulfan I <0.9 <1.2 <1.2

Endosulfan II <3.4 <4.4- <4-.4-

Endrin <1.2 <1.6 <1.6

H6prachlor <0.3 <0.4 <0.4

Lindane 0.4 1.0 1.6

PCBs 3010' 52 9619

Other Organic Compounds

Oil and Grease 533 mg/kg 0.92 mg/l 14-7 mg/l

Total Organic Carbon 0.8 % NT NT

Total Inorganic Carbon 1.5 % NT NT

NT - not tested
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Table 308

Chemical and Physical Characteristics: Texas City Site 1

Bioassay Elutriates*

-
Sample pH D.O. Specific Total Un i.oni.z e d e e Turbidity

Designation (mg/l @ Conductance Ammonium Ammonia (NTU)
2l-23.50C) (llmhos/cm @ (mg Nil) (mg Nil)

2l-23.5 0C)

Control A 8.1 7.0 46,100 0.03 <0.01 2

B 8.1 7 . 0 46,000 0.05 <0.01 2

-..,J 5% A 8.1 3 . 9 30,800 4.03 0.22 33
o.
N B 8.1 3 .9 30,700 4.00 0.22 33

10% A 8.2 2.6 24,800 5.46 0.37 30

B 8.2 2.6 24,900 5.60 0.38 29

20% A 8.2 2.2 21+,200 7.31 0.46 26

B 8.2 2 . 2 24,200 7.71 0.49 27

A and B are replicates.

*Measurements taken after the one-hour settling period.

**For all bioassay elutriates, unionized ammonia calculated from Skarheim's9 tables
for fractions of ammonia in the undissociated form.



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

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

data shows that no toxicity to ~. 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

bioassay elutriates. Site 2 sediments showed limited toxicity

(10 to 20 percent mortality) to ~. 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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Table 309

Release of Heavy Metals: Texas City Site 1

Bioassay Elutriates

(llg/l)

Sample
Designation Mn* Cd Cr Zn Ni Pb Cu Fe Hg

t:ontrol A 1.1 0.9 O. 6 11.6 7 . 5 6. 3 5. 8 1 2.1

B 1.1 0.9 O. 6 11.6 7. 5 6.3 5. 8 1 2.1

-J 5% A 107 O. 2 <0.1 13.4 4.5 7 . 3 4.6 27 0.4
0
+" B 100 0.3 <0.1 12.6 5. 3 7.9 4.1 5 0.4

10% A 22 0.5 <0.1 12.7 <0.1 6.5 4.1 4 0.4

B 23 0.3 <0.1 12.3 1.5 6.8 3. 8 4 0.4

20% A 37 0.7 <0.1 8. 9 8.3 5 . 5 3.5 4 0.6

B 48 0.6 <0.1 9.1 3. 8 6 . 3 4.1 5 0.6

A and B are replicates.

*Manganese concentrations in mg/l.
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Table 311

Chemical and Physical Characteristics: Texas City Site 2

Bioassay Elutriates*

Sample pH D.O. Specific Total Unionized Turbidity
Designation (mg/l @ 21.6- Conductance Ammonium Ammonia (NTU)

23.5 0C) (l1mhos/cm @ (mg Nil)
21.6-23.5 0C)

Control A 8.1 7 . 0 46,100 0.03 < 0.01 2

B 8.1 7 . 0 46,000 0.05 < 0.01 2

5% A 8.2 3.7 24,200 2.25 0.15 48

B 8. 2 3.66 24,200 2.25 0.15 48
-.,J

0
en 10% A 8.3 2.0 24,000 3.12 0.21 26

B 8.3 2.0 24,000 3.20 0.22 26

5% A 8.3 1.8 29,000 3.74 0.25 23

B 8.3 1.7 29,000 3.65 0.25 22

A and B are replicates.

*Measurements taken after the one-hour settling period.



Table 312

Release of Heavy Metals: Texas City Site 2

Bioassay Elutriates

(].lg/l)

Sample
Mn* Cd Cr Zn Ni Pb Cu Fe Hg

Designation

Control A 1.1 0.9 0.6 11.6 7. 5 6. 3 5. 8 1 2.1

B 1.1 0.9 0.6 11.6 7.5 6. 3 5.8 1 2.1

-....J 5% A 79 0.8 0.3 9.5 <0.1 5.2 0.9 9 0.4
0
-....J B 82 0.4 <0.1 9.2 <0.1 5.7 0.9 8 0.4

10% A 94 0.8 O. 3 9.7 <0.1 6.8 2.9 3 0.5

B 86 0.4 0.1 8.9 O. 8 6. 5 2.9 4 0.5

20% A 19 0.7 <0.1 18.5 6. 0 3.0 2.9 10 0.5

B 22 0.7 O. 3 7.8 6.0 4.6 2.6 8 0.5

A and B are replicates.

*Manganese concentrations in mg/l.



Table 313

Response of P. pugio to Varying Sediment Percent of

Total Elutriate Volume as a Function, of Time:

Texas City Site 2 Bioassay Elutriates

Time Number of P. pugio Living at Varying Sediment Percentages-
.Chr-) Control 5% 10% 20%

A B A B A B A B

0 10 10 10 10 10 10 10 10

.....:J 12 10 10 10 10 10 10 10 10
0
co 24 10 10 10 10 9 10 10 9

36 10 10 10 10 9 10 9 9

48 10 10 9 10 9 9 9 8

60 10 10 9 10 9 9 8 8

72 10 10 9 9 9 9 8 8

84 10 10 9 9 9 9 8 8

96 10 10 9 9 9 9 8 8

A and B are replicates.



Table 314

Chemical and Physical Characteristics: Texas City Site 3

Bioassay Elutriates*

Specific Total Unionized
Sample D.O. Conductance 0 Ammonium Ammonia- Turbidity

Designation pH (mg/l @ 20°C) (~mhos/cm @ 20 C) (mg NIl) (mg NIl) (NTU)

Control A 8.1 6.5 39,000 0.04 <0.01 <0.1

'-l B 8.1 6.5 39,000 0.04 <0.01 <0.1
C>
<.D

5% A 8.0 4.2 31,800 2.64 0.12 53

B 8.0 4.2 36,500 2 .64 0.12 53

10% A 7.8 1.6 37,800 4.12 0.12 58

B 7.8 1.5 33,000 4.10 0.12 58

20% A 7.8 1.3 30,800 6.06 0.18 52

B 7.8 1.3 38,500 6.10 0.18 52

A and B are replicates.

*Measurements taken after the one-hour settling period.



Table 31S

Release of Heavy Metals: Texas City Site 3

Bioassay Elutriates

(llg/ 1)

Sample
Designation Mn* Cd Cr Zn Ni Pb Cu Fe

Control A 0.4 <0.1 4.7 l7.9 16.5 <1.0 3.8 5
~

B 0.4 <0.1 4.7 l8.0 l6.5 <1.0 3.7...., 5
b

5% A 2 .. 4- <O.l 6.1 5.9 8.4 <l.O 2.16 29

B 2 .5 <0.1 7.4 5.7 8.4 <1.0 2~16 56

10% A 6 .2 <0.1 7.4 5.6 10.5 <1.0 2.7 33

B 6.2 <0.1 8.8 4.6 10.5 <l.O 2,7 45

20% A 8 .6 <O.l 8.8 5.6 ll.5 <l.O 3.2 75

B 8.3 <0.1 8.8 4.6 12.5 <1.0 3 .. 7 91
!

A and 13 d,re repli.catep ..

*Manganese concentrations in mg/l.



Table 316

Response of P. pugio to Varying Sediment Percent of

Total Elutriate Volume as a Function of Time:

Texas City Site 3 Bioassay Elutriates

Time Number of P. pugio Living at Varying Sediment Percentages
(hr) -

Control 5% 10% 20%
A B A B A B A B

0 10 10 10 10 10 10 10 10

".1 12 10 10 10 10 9 9 9 8
f--I

10 9 10 9 9 8 8f--I 24 10

36 10 10 9 10 9 9 8 8

48 10 10 9 9 9 9 8 8

60 10 10 9 9 9 9 8 8

72 10 10 9 9 9 9 8 8

84 10 10 9 9 9 9 8 8

96 10 10 9 9 9 9 8 8

A and B are replicates.



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 Nil, with

approximately 0.35 mg/l present as unionized ammonia. In

addition, there were decreases in D.O. and increases in

turbidity.

The results of the heavy m~tal 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 ~g/l were observed in the 20 percent sediment tests.

Iron release ranged from approximately 2300 ~g/l in one 20

percent replicate to 3300 ~g/l in a 10 percent test. Release

of zinc generally increased with increasing sediment percentage

elutriates. Slight release of lead occurred, while no sig

nificant changes were observed for cadmium, copper, chromium,

nickel, and mercury.

Bioassays of P. pugio ln these elutriates showed

limited toxicity. Table 319 shows that the maximum kill (30

percent) occurred in 10 percent sediment replicate B after

50 hours of exposure.

Chemical characteristics and metal results for

Texas City Channel Site 5 sediment elutriates are presented

ln Tables 320 and 321; the corresponding bioassay 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 follow the same general trends found

for Site 4. Large amounts of manganese and iron were released

with smaller zinc release and slight increases in lead concen

trations. Examination of Table 322 shows no toxicity of Site

5 sediments to P. pugio over the entire 95-hour test period.

The chemical characteristics data in Table 323

show large amounts of total ammonium nitrogen release in
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Table 317

Chemical and Physical Characteristics: Texas City Site 4

Bioassay Elutriates*

Sample pH D.O. Specific Total Unionized Turbidity
Designation (mg/l @ 19.5- Conductance Ammonium Anunonia (NTU)

20.2 oC)
(llmhos/cm~ (mg Nil) (mg Nil)
19.5-20.2 C)

Control A 7.9 7.5 35,000 0.05 <0.01 <1

B 7 . 9 7.5 35,000 0.05 <0.01 <1
-....J
1---1 5% A 8.1 4.6 37,000 5.91 0.28 185co

B 8.0 5.3 35,000 5.69 0.22 245

10% A 8.0 4.3 35,000 6.71 0.26 270

B 8. 0 3.7 38,000 7.60 0.29 195

20% A 8.0 2.4 38,000 8.52 0.33 160

B 8.0 2.2 38,000 10.13 0.37 140

A and B are replicates.

*Measurements taken after the one-hour settling period.



Table 318

Release of Heavy Metals: Texas City Site 4

Bioassay Elutriates

Sample

Designation Mn Cd Cr Zn Ni Pb Cu Fe Hg

Control A 84 <2.7 2. 0 16.3 8.2 13.8 12.1 11 0~018

-...J B 68 <2.7 2.0 19.5 8.5 16.3 15.3 11 0.028I---l
+'

5% A 700 <2.5 2 ~ 0 39.0 8.8 27.5 14.7 2500 0.018

B 700 < 3. 0 2. 0 53.2 9.7 31.3 24.7 3000 0.025

10% A 700 <2.6 2.0 40.8 9.1 30.0 18.2 3300 0.018

B 800 <2.6 2.0 66.0 9.4 31.3 22.0 3300 0.023

20% A 1000 <2.7 2.0 32.3 9.1 30.0 14.2 2300 0.075

B 1200 <2.6 2.0 44.0 9.1 31.3 15.3 2600 0.015

A and B are replicates.



Table 319

Response of P. pugio to Varying Sediment Percent of Total

Elutriate Volume as a Function of Time:

Texas City Site 4 Bioassay Elutriates

Time Number of P. pugio Living at Varying Sediment Percentages
(hr)

Control 5% 10% 20%
A B A B A B A B

0 10 10 10 10 . 10 10 10 10
"'-J
I-' 12 10 10 10 10 9 10 9 9
en

24 10 10 10 10 9 10 9 9

36 10 10 10 10 9 8 9 9

48 10 10 10 10 9 8 9 9

60 10 10 9 10 9 7 9 9

72 10 10 8 10 9 7 9 8

84 10 10 8 10 9 7 9 8

96 10 10 8 10 9 7 9 8

A and B are replicates.



Table 320

Chemical and Physical Characteristics: Texas City Site 5

Bioassay Elutriates*

-
Sample pH D.O. Specific Total Unionized

Designation (mg/l@20oC) Conductance Ammonium Ammonia
(l1mhos/cm @ (mg Nil) (mg Nil)

20°C)

Control A 7.9 7.5 35,000 0.05 <0.01

-..J B 7 . 9 7.5 35,000 0.05 <0.01
I-'
O'l

5% 0.12A 8.1 4.7 35,000 2.57

B 8.1 4.9 36,000 2. 36 0.11

10% A 8.2 2.8 35,000 3.19 0.19

B 8.2 2.5 35,000 3.46 0.20

20% A 8.2 1.1 35,000 4.68 0.28

B 8. 2 1.2 37,000 4.82 0.29

A and B are replicates.

*Measurements taken after the one-hour settling period.

Turbidity
(NTU)

< 1

< 1

340

295

240

260

175

155



Table 321

Release of Heavy Metals: Texas City Site 5_ Bio_as~ay Elutriates

(llg/l)

Sample

Designation Mn Cd Cr Zn Ni Pb Cu Fe Hg

.Corrtr-o I A 84 2.7 <2.0 16.3 8.2 13.8 12.5 11 0.018

-....J B 68 2 .7 <2.0 19.5 8.5 16.3 15.3 11 0.028
I-'
-....J

70005% A 1700 3.2 <2.0 34.8 7.0 20.0 10.9 0.028

B 600 2. 7 <2.0 35.8 7 .9 20.0 14.9 3000 0.015

10% A 1000 2.6 <2.0 41.9 9.7 20.0 14.0 2500 0.013

B 1000 2.5 <2.0 47.5 8.5 20.0 13.6 2700 0.018

20% A 1700 2.5 <2.0 60.0 7.0 25.0 16.2 2500 0.018

B 1700 2.6 <2.0 57.8 7.6 25.0 21.3 3900 0.018

A and B are replicates.



Table 322

Response of P. pugio To Varying Sediment Percent of Total

Elutriate Volume As A Function of Time:

Texas City Site 5 Bioassay Elutriates

Number of P. pugio Living at Varying Sediment Pe~centages-

Time Control 5% 10% 20%

(hr) A B A B A B A B

-.J
~ 0 10 10 10 10 lO 10 10 10
co

12 10 10 10 10 10 10 10 10

24 10 10 10 lO 10 10 10 10

36 10 10 10 10 10 10 10 10

48 10 10 10 10 10 10 10 10

60 10 lO 10 10 10 10 10 10

72 10 10 10 10 10 10 10 10

84 10 10 10 10 10 10 10 10

96 10 10 10 10 10 10 10 10

A and B are replicates.



Table 323

Chemical and Physical Characteristics: Texas City Site 6

Bioassay Elutriates*

-
Sample pH D. o. 0 Specific Total Unionized Turbidity

Designation (mg/l@21.5 C) Conductance Ammonium Ammonia (NTU)
Cllmhos/cm @ (mg Nil) (mg Nil)
21.50C)

Control A 8.15 7.1 35,000 0.05 <0.01 5
"'-J
f--I B 8.10 7.1 35,000 0.05 <0.01 2(D

5% A 8.15 4.4 35,000 3.42 0.23 32

B 8.10 4.2 35,000 2.92 0.16 35

20% A 8.00 2.1 35,000 0.40 0.40 29

B 8.00 2 . 5 36,000 10.60 0.47 30

A and B are replicates.

*Measurements taken after the one-hour settling period.



Texas City Site 6 sediment elutriates. The increases in

turbidity were not as pronounced as those observed in elutri

ates of Sites 4 and 5 sediments. Table 324 shows the concen

trations of D.O. in the Site 6 bioassay elutriates over the

96-hour test period. The data indicate that the method of

aeration was sufficient to keep D.O. 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

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 Bioassay Elutriates

(mg/l @ 21 oC)

Time Control 5% 20%
(hr) A B A B A B

0 7.1 7.1 4.4 4.2 2.1 2 . 5

1°" 7 .2 7 . 2 4.5 4.2 4.4 4.2..
24 6.2 6. 2 4.7 4.9 4.4 4.2

48 6.4 6.4 4.7 4.9 4.5 4.5

72 6. 3 6. 3 4.7 4.8 4.5 4.7

96 6 . 3 6. 3 4.8 4.8 4.5 4.5

A and B are replicates.

~':Measurements taken after first hour of aeration.
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Table 325

Release of Heavy Metals: Texas City Site 6 Bioassay Elutriates

(~g/l)

Sample
De s i gnet i.on" Mn Cd Cr Zn Ni Pb eu Fe Hg

.....:J
tv Control A 270 2.8 3.0 23.7 19.1 17.8 12.7 27 0.023f-l

B 248 2.3 3. 0 22.4 :t9.1 1~.8 14.0 17 0.013

20% A 3700 1.1 < 2. 0 24.9 14.3 12.4 12.0 227 0.018

B 3500 2.4 < 2. 0 26.9 17.4 16.5 6 . 7 143 0.015

A and B are replicates.

*Five percent sediment elutriates were lost.



Table 326

Response of P. pugio To Varying Sediment Percent of Total

Elutriate Volume As A Function of Time:

Texas City Site 6 Bioassay Elutriates

Number of P. pugiohiwing at Various S=diment Fercentages

Time Control 5% 10% 20%

(hr) A B A B A B A B

-...J 0 10 10 10 10 10 10 10 10
N
N

12 10 10 10 10 10 10 10 10

24 10 10 10 10 10 10 10 10

36 10 10 10 10 10 10 9 10

48 10 10 10 10 10 10 9 10

60 10 10 10 10 10 10 9 10

72 10 10 10 10 10 10 9 10

84 10 10 10 10 10 10 9 10

96 10 10 10 10 10 10 9 10

A and B are replicates.



Texas City HOPker 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 agaln 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,
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Table 327

Percent Settleable Solids: Texas City Hopper Dredge Samples

Dredging
Location and
Date (1975)

October 9:

Time
(hr :min)

Sample
Sour-ce "

Percent
Settleable Solids

Run 1

Run 2
(Texas City
Dump No.1)

9:02-Dredging Began.

9:02 D

9:07 D

9:12 D

9:12 D

9:17 D

9:22 D

9:27 S

9:30 0

9:33 D

9:40 D

9:47 S

9:47-Dredging Stopped.

10:21 S

11:24 S

14:31 Dredging Began.

14:33 D
14:36 0

14:39 D

14:50 S
14:52 0

14:55 0

15:02 D
15:06 D

15:06-Dredging Stopped.

15:24 S

16:12 S

16:22 S

(Continued)
724

90

97

22

10

42

14

9

1

94

100

20

22

15

94

o .8

19

27

33

13

12

36

31

10

21



Time since dredging began (min)
Dredging

ceased
Run 2

30
I

Dredging
ceased
Run 1

100

90 lIII' I I I .- Run 1

!::J.- Run 2
I I I I I

80

70
VI
-0.,...
r-

600
Vl

OJ
r-
.D 50rU
OJ.....
+.t

-....J +.t
N OJ

en Vl 40
+.t
I:
OJ
o
s; 30
OJ

0-

20

10

figure 103
Changes in Percent Settleable Sal ids: Hopper Dredge Samples

Dredged from Texas City Channel and Turning Basin
(October 9, 1975)



Table 327 (Conc~uded)

Dredging
Sample PercentLocation and Time

Date (1975) (hr :min) Source 1' Settleable Solids

October 10:

7 :15-Dredging Began.

Run 1 7:24 D 9
(Texas City 7:30 D 34
Dump No. 2 )

7:33 0 6

7 : 38 S 4

7:42 D 41

7:45 0 11

7:45-Dredging Stopped.

7:51 D 28

7 : 57 D 20

8:01 S 9

8 : 37 S 8

9:11 S 6

10:13 S 13

*D = Dredging pump discharge
o = 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 104. 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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Changes in Percent Settleable Solids: Hopper Dredge Samples
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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 11:24; 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 ~g/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

tion was monitored. Again, only manganese concentrations

exceeded ambient levels. As Table 329 shows, manganese ranged

from 100 to 700 ~g/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 ~g/l. Another

overflow sample was collected and showed a soluble manganese

concentration of 200 ~g/l. As in the previous operation, the

ovei-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



Table 328

Soluble Heavy Ueta1 Composition: Texas City'" Hopper Dredge Samples

Collected During Run 1 on October 9, 1975

(IJg/1)

Ti",e or
Collection

Percent

Sediment I1n Cd Cr Zn Ni Pb Cu re Ilg As

< 2

< 2

< '2

< 2

< 2

< 2

< 2

< 2

< 2

0.012

0.028

0.0114

0.012

0.02B

0.028

59

59

15

25

28

48

Bl

23

195.9

9.2

7.0

8.7

7".3
7.6

10.7

5.9

5.4

2.'1

3.6

2.9

3.6

3.1

2.9

2.9

3.6

1.710.8

13.9

10.1'

12.9

16.2

9.6

13.4

13.9

12.9

42.5< 2

- Dredging Began.

<2 26.1

<2 :30.1

< 2 46.9

< 2 59.2

< 2 19.0

< 2 31.1

< 2 17.4

< 2 58.1

- Dredging Stopped.

3112

510

495

221

940

3,710

160

1,18090

97

16

9

<1
94

100

20

9:02

9:07

9:12

9:27

9:30

9:33

9: 40

9:47

10: 21

9:02

2.3

2.5

3.1

3.8

2.8

2.5

2.2

3.4

9:47
It "22 13B 2.1
.~ *11:2/1 15 263 2.7 < 2 73.0 15.5 2.1 7.8 29 0.02B < 2

___________________________ .. _. !]J!~_:_p~~p_~~:~J:::3: ~~~ _
Mea.n 796 2.7 < 2 40.3 12.9 0.7 7.6' 39 0.026 < 2

Standard deviation 1080 0.5 0 18.7 2.2 22.7 1.6 22 0.011 0

Coefficient of variation, V<%) 135.6 20.0 - 116.5 16.9 21.8 56.6 42.9

-.J
N
CD

Dash (-) indicates no analays~d.

~'I\ll Texas Ci ty hopper dredge samples were collected in Texas ci ty Channel Turning Basin.
M'Supernatant percent sediment.



Table 329

Soluble Heavy Metal Composition: Texas City Hopper Dredge Samples
Collected During Run 2 on October 9. 1975

(lIg/l>

Time of

Collecti.on

Percent

Sediment I-1n Cd Cr Zn Ni Pb Cu F\! tlg As

< 2
< 2

< 2
< 2
< 2

< 2

< 2

0.028

0.012

0.0114

0.028

0.028

34

14

30

18

11

18

177

94

19

27
i l

35
>'I'"13

12

36

111: 33

1'1: 39

111: 50

111:52

111:55

15:02

15:06

111:31 - Dredging Began.

175 2.2 < 2 26. II 10.8 1.9 6.7

100 2.6 < 2 30.1 10.8 2.1 ~.S

700 2.5 < 2 52.9 12.9 2.2 ".3

3112 2.8 < 2 110.11 13 .11 2.11 5.6

175 2.11 < 2 113.6 11.1 1.9 6.7

225 3.11 < 2 56.8 16.2 2.1 8.6

675 2.1 < 2 118.8 13.5 1.9 3.7

A 15:06 - Dredging Stopped.

15:211 31>'1 297 3.5 < 2 116.7 12.5 2.9· 5.1 en 0.028 <2

16:12 10,.. 175 3.7 < 2 65.0 13.9 2_9 9.9 20 0.028 < 2

16: 112 21 525 3.2 < 2 6~.6 12.5 2.9 9.8 23 0.028 < 2

------------------------------------------------------ - - - - - - - - - - - - -~-~~-~p~p~~~- - - - - - - - - - - - - - - - - - - - - - - - - - - - _ .
Mean 339 2.8 < 2 117.9 12.8 2.3 6.5· 39 0.028 < 2

Standard devintion 219 0.6 It 13.7 1.7 0.11 ,2.3 50 0.009 0

Coefficient of variation vet) 611.5 20.1 - 28.5 13.0 18.5 35.0 128.2 30.5

-.J
W
a

Dash (-) indicates not app1iciib1e.

it Supernn tant percent sediment.
*,~

Ove r-f Low percent sediment.



Table 330

Soluble Heavy ~Ietal Compositions: Texas City J!opperDredge Samples

Collected During Run 1 on October 10, 1975
(JIg/I)

Time of

CollectiDn

Percent

Sedim~nt lin Cd Cr Zn Ni Pb Cu Fe lie As
-------- ------'~-~---.......------------------------------------------

< 2
< 2

< 2

< 2

< 2

< 2

< 2

< 2

0.028

0.028

0.028

0.028

0.028

0.028

0.011_

23

26

20

21,

33

20

30

17

5.1

9.6

10.9

9.6

5.1
10.1

5.6

8.2

2.11

2.2
2.4

2.7

2.11

2.2

2.4

1.7

13.'1

11.5

14.8

12'.0

11.1

12.0

1l.1

11.1

190
190

6110

160:

2,220

129

571

20q

9

9*

*8

*13

3f f
tt·

II

41

11A*

7: 2'f

7:30

7:38

7:112
7:45

8:01
8:37

10:13

7:15 - Dredging Began.

3.5 < 2 42.2

2.6 < 2 35.6

5.2' < 2 65.g

2.2 < 2 41.6

3.0 < 2 . 41.6

7:45 - Dredging Stopped.

2.8 < 2 53.3

2.9 < 2 42.2

2.8 < 2 43.6

10:15 - Dump Occurred.-----------_...,-:-----~_ ... """!-.-.._--~------------ ...----------- -_._--- ---------------- ----------- ----------- --------------------
Mean 538 3.1 < 2 42.4 12.1 2.3 8.0 24 0·.030 < 2

Standard deviation 708 0.9 0 12.1 i .a 0.3 2.4 5 0.006 0

Coefficient of variation,V(\) 131.7 29.3 - 28.5 1l.0 12.5 30.0 22.3 20.0

'-J
W
I-'

Dash (-) indicates not applicable.

"'Supernatant percent sediment.
tr ...

OVF!rflow percent secliment.



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 anq 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 sOlids (Figure 105) shows them to have a high

positive correlation (r = 0.87). The ammonium 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/l; they appeared to decrease and then

increase with time. The hopper supernatant concentrations

were generally at the lower end of the range found in the dis

charge material and fluctuated seemingly without' pattern.
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Table 331

Ammonium Concentrations: Texa$ City

Hopper Dredge Samples

Dredging
Location and

Date (1975)

Time
(hr:min)

Ammonium (mg NIl)
X SD

October 9:

Run 1

9:02 - Dredging began.

9:02 104 2.5

9:07 107 1.4

9:12 10.0 0.7

9:12 6.8 1.1

9:17 27.5 1.4

9:22 13.0 0

9:27 10.2 0.4

9:30 1.4 0.2

9:33 75.1 3.4

9:40 92.5 3.5

9:47 - Dredging stopped.

9:47 16.0 0.7

10:21 28.5 0.7

11:24 25.5 0.7

11:24 - Unmonitored dump
occurred.

Run 2
(TCC Dump No.1)

14:33

14:36

14:39

14:50

14:52

14:55

15:02

15:06

14:31 - Dredging

78 .:8

1.2

18.5

17.0

17.0

10.0

12.8

15.2

began.

5. 3

0.2

0.7

O. 7

1.4

0.7

0.4

0.4

15:06 - Dredging stopped.

(Continued)
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Dredging
Locaton and

Date (1975)

Table 331 (Concluded)

Time
Chr:min)

Ammonium (mg Nil)

X SD

15:24

16:12

16:42

25.0

26.2

32.2

16:42 - Dump occurred.

1.4

1.8

o. 9

October 10:

Run 1
(TCe Dump No.2) 7:24

7:30

7:33

7:38

7:42

7:45

7:51

7:57

8:01

8:37

9:11

10:13

7:15 - Dredging began.

4.2 0.4

31.5 1.4

16.3 0.8

2.2 0.5

36.2 0.4

11.0 1.4

7:45 - Dredging stopped.

56.0 1.4

79.5 0.7

9.2 0.4

25.5 0.7

19.5 0.7

32.8 0.4

10:14 - 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 s (mg P/l)

Date (1975) X SD

October 9 : 9:02 - Dredging began.

Run 1 9:02 D 0.45 0

9:07 D 0.25 0.001

9:12 D 0.10 0/.001

9:12 D
9:17 D
9:22 D

9:27 S 0.068 0

9:30 0 0.23 0.001

9:33 D 0.38 0

9:40 D 0.38 0.002

9:47 S 0.11 0.001

9:47 - Dredging stopped.

10:21 S 0.25 0.001

11:24 S 0.16 0.001

Run 2 14:31 - Dredging began.
(TCC Dump No .. 2) 14:33 D 0.38 0.001

14:36 0

14:39 D 0.22 0.001

14:50 S 0.052 0.001

14; 52· D 0.13 0

14:55 0 0.25 0

15:02 D 0.056 0

15:06 D 0.15 0.002

·15:06 - Dredging stopped.

15:24 S 0.14 0.001

(Continued)
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Table 332 (Concluded)

Dredging Time Sample Soluble Ortho P
Location and (hrs:min) Source (mg P/l)

Date (1975) X SD

16:12 S 0.18 0.001

16:4-2 S 0.14- 0

October 10:

Run 1 7:15 - Dredging began.
(TCe Dump No. 2 ) 7:24- D 0.20 0.001

7:30 D 0.20 0.010

7:33 0

7:38 S 0.16 0

7:4-2 D 0.17 0.001

7:4-5 0 0.18 0.001

7:4-5 - Dredging stopped.

8:01 S 0.24- 0

8:37 S 0.16 0.001

9:11 S

10:13 S 0.19 0.002

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

*D - Dredging pump discharge

o = Overflow

S - Supernatant

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 Pil (at 14-:33) and generally appeared to decrease

with time. Concentratio_ns in the supernatant after the dredging

had ceased (15:24- to 16:42) ranged from 0 •.14 to 0.18 mg P/l.
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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/l

(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 secolld, 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 al.31 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 al. 31 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 em/sec) and 0.2 knots (10 em/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.O. 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.O. 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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Table 333

Soluble Heavy Metal Concentrations: Texas City Dump No. 2 near Buoy B1,_J2redged

Materials from Texas City Channel Turning Basin

(October 10, 1975)

( gil)

Time of Depth Mn Cd Cr Zn Ni Pb Cu Fe Hg As
Collection (m)
(hr:min:sec)

9:58:30 1.5 14 0.8 <2 9.7 14.5 1.9 2.9 < 5 0.002 <2

9:58:45 8 14 0.8 <2 5.3 14.5 2.4 2. 5 11 0.002 <2

10:01:45 1.5 30 0.8 <2 2.3 14.5 1.9 2.5 5 0.006 <2

10:02:25 10.5 25 0.8 <2 13.1 3.1 2.4 3.0 18 0.016 <2
-...J 10:14 - Dump occurred.+:"
N

10:+4:15 8 <5 0.6 <2 12.9 12.2 6.8 4.8 459 0.002 <2

10:15:50 10.5 838 0.9 <2 22.7 6.8 o. 9 2 . 6 13 0.002 <2

10:16:60 8 <5 0.6 <2 7.2 10.5 1.9 2. 8 40 0.002 <2

10:16:45 8 14 o. 7 <2 15.8 14.5 6.8 4.6 37 0.006 <2

10:18 - Surface turbid plume arrived at sampling location.

10:18:00 1.5 16 O. 8 <2 4.2 4.1 0.9 4.3 17 0.002 <2

10:18:25 10.5 25 1.1 <2 16.9 4.7 2.4 6.1 :3 0.002 <2

10:19:10 10.5 14 1.0 <2 8. 7 12.9 1.9 6.0 109 0.016 <2

10:19:40 8 21 0.7 <2 7.4 16.2 2.7 9.4 212 0.006 <2

10:19:55 1.5 <5 0.6 <2 2.2 13.7 1.9 2.8 13 0.002 <2

10:20:10 10.5 14 0.7 <2 8. 6 18.6 2. 7 2 . 9 49 0.002 <2

(Continued)



Table 333 (Continued)

Time of Depth Mn Cd Cr Zn Ni Pb Cu Fe Hg As
Collection (m)
(hr;min;sec)

10:20:50 1.5 14 0.9 <2 44.8 15.3 2.4 2.8 20 0.016 <2

10:21 - Surface turbid plume passed sampling location.

10:21:10 10.S 30 1.2 <2 17.7 15.3 2.4 7.5 74 0.012 <2

10:21;50 1.5 <5 0.8 <2 6.7 12.1 2.7 3.1 50 0.023 <2

10:22:45 1.5 30 0.9 <2 7.7 12.9 2. 2 2 . 9 123 0.012 <2

10:23:45 8 19 0.8 <2 5.0 4.4 2.8 4.6 18 0.006 <2

10:24:35 10.5 31 1.2 <2 17.1 5 .6 2 . 8 9.4 41 0.006 <2

-...J 10:25:00 8 14 0.8 <2 2.7 10.5 1.6 2. 6 11 0.016 <2
-1=
w 10:26:35 10.5 < 5 1.0 <2 10.2 11.3 2.4 6.8 98 0.016 <2

10:27:55 8 14 0.9 <2 4.8 15.3 2.2 2.5 10 0.016 <2

10:29:45 8 25 o. 7 <2 6.5 3. 3 2. 0 3.5 13 0.016 <2

10:30:50 10.5 21 0.7 <2 9.3 17.0 2 . 7 8.9 22 0.006 <2

10:31:35 1.5 21 O. 8 <2 10.3 12.1 2.2 3.4 5 0.016 <2

10:34:45 8 27 0.7 <2 1.5 3. 6 0.9 2.4 < 5 0.002 <2

10:35:10 10.5 10 O. 8 <2 30.7 3. 6 1.4 4.0 12 0.002 <2

10:39:50 10.5 27 1.0 <2 3.3 4.1 o. 9 3.5 5 0.002 <2

10:43:10 8 25 0.8 <2 29.0 3 . 3 2.8 3.1 7 0.002 <2

10:43:30 10.5 21 1.0 <2 26.2 4.4 0.5 4.3 7 0.002 <2

10:48:00 1.5 32 0.8 <2 7.6 3.1 O. 9 2.6 < 5, 0.002 <2

(Continued)



Table 333 (Concluded)

Time of Depth Mn Cd Cr Zn Ni Pb Cu Fe Hg As
Collection (rn )
(hr:min:sec)

10:48:30 8 25 O. 8 <2 11.8 5.0 2.4 3.1 10 0.002 < 2

10:49:00 10.5 21 0.8 <2 4.8 3.4 0.9 3.2 < 5 0.002 < 2

10:55:50 10.5 10 0.9 <2 3.0 4.4 0.9 2.6 < 5 0.002 < 2

11:01:10 10.5 10 0.8 <2 1.8 4.4 0.9 2.6 < 5 0.002 < 2

11:07:25 10.5 19 0.9 <2 7 . 7 3. 6 2.8 3.2 13 0.002 < 2

11:13:30 10.5 10 0.9 <2 3. 7 3.6 0.9 3.2 6 0.016 < 2
-.J
-I=' 11:17:30 1.5 25 0.9 <2 6.3 4.2 2.8 3. 7 7 0.002 < 2
-I='

11:18:00 8 25 1.0 <2 12.7 3.6 2.4 3.7 6 0.002 < 2

11:18:15 10.5 25 O. 8 <2 7 .0 5.0 2.4 2.8 < 5 0.002 < 2

11:32:40 10.5 15 o• 8 <2 12.3 3.3 2.4 3.8 6 0.002 < 2



These values were well

these metals during this

taken in the turbid plume,

were due to contamination

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 ~g/l from the pre-disposal levels.

The concentration of manganese measured at 10:15:50 at 10.5

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

10:14:15 at 8 meters was 459 ~g/l.

outside the concentration ranges of

dump and, as these samples were not

it is suspected that the high values

during collection or handling.

Nitrogen compounds. Table 334 presents

the results of organic N and ammonium analyses of TCC

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 Nil except for one sample each of

surface and mid-depth water. From the figure, it appears that

a statistically significant amount (1.86 mg Nil) 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. In 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
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Table 334

Organic N and Ammonium Concentrations: Texas City

Dump No. 2 near Buoy B1, Dredged Materials

from Texas City Channel Turning Basin

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

9:58:30 1.5 0.55 < 0.05

9:58:45 8 0.11 < 0.05

9:59:00 10.5 <0.05 0.11

10:01:45 1.5 0.59 < 0.05

10:02:00 8 0.07 < 0.05

10:06:45 1.5 < 0.05

10:14:00 - Dump occurred.

10:14:00 1.5 < 0.05

10:14:15 8 < 0.05

10:14:25 10.5 < 0.05

10:15:50 10.5 1.86

10:16:10 8 < 0.05

10:16:15 1.5 < 0.05

10:16:30 10.5 0.65

10:16:45 8 < 0.05

10:17:25 10.5 0.73

10:18:00 - Surface turbid plume
arrived at sampling
location.

10:18:00

10:18:25

10:19:00

10:10:10

10:19:40

10:19:55

10:20:10

1.5

10.5

1.5

10.5

8

1.5

10.5

0.31

0.55

1.01

0.11

0.11

(Continued)
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Table 334 (Continued)

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

10:20:30 8 0.07

10:20:50 1.5 <0.05 0.05

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

10:21:10 10.5 0.57

10:21:50 1.5 <0.05

10:22:05 10.5 0.18

10:22:45 1.5 <0.05

10:23:15 10.5 0.31

10:23:45 8 0.11 <0.05

10:24:20 1.5 <0.05

10:24:35 10.5 0.67 0.49

10:25:00 8 <0.05

10:25:20 1.5 <0.05

10:26:10 1.5 0.13

10:26:25 8 <0.05

10:26:35 10.5 0.75

10:27:40 1.5 <0.05

10:27:55 8 <0.05

10:28:10 10.5 0.64

10:29:45 8 <0.05

10:30:10 10.5 0.44

10:30:50 10.5 < 0.05 0.51

10:31:35 1.5 < 0.05 <0.05

10:31:55 8 <0.05

10:32:15 10.5 0.52

10:34:45 8 <0.05

10:36:49 10.5 0.33

(Continued)
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Table 334 (Concluded)

Time of
Collection
(hr:min:sec)

10:39:15

10:39:30

10:39:50

10:42:45

10:43:10

10:43:30

10:48:00

10:48:30

10:49:00

10:54:50

10:55:15

10:55:50

11:01:10

11:07:25

11:13:30

11:17:30

11:18:00

11:18:15

11:32:40

Depth
(m)

1.5

8

10.5

1.5

8

10.5

1.5

8

10.5

1.5

8

10.5

10.5

10.5

10.5

1.5

8

10.5

10.5

Organic N
(mg Nil)

0.07

0.87

<0.05

<0.05

0.08

0.07

0.19

Ammonium
(mg Nil)

<0.05

<0.05

0.39

<0.05

<0.05

0.25

<0.05

<0.05

0.19

<0.05

<0.05

0.18

0.10

0.19

0.16

<0.05

<0.-05

0.18

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 haye gradually

dropped from ambient levels (0.07 mg Pil to 0.11 mg P/l) to

0.044 mg Pil 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 Pil 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 Bl, Dredged Materials from Texas

City Channel Turning Basin

(October 10, 1975)

Time of
Collection
(hr:min:sec)

Depth
(m)

Soluble Orthophosphate
(mg P/l)

9:58:30

9:58:45

9:59:00

10:01:45

10:02:00

10:02:25

10:14:15

10:14:25

10:15:50

10:16:10

10:16:45

1._5

8

10.5

1.5

8

10.5

10:14:00

8

10.5

10.5

8

8

10:18:00

0.070

0.072

0.101

0.108

0.097

- Dump occurred.

0.084

0.067

0.559

0.019

0.053

- Surface turbid plume arrived
at sampling location.

10:18:00

10:18:25

10:19:10

10:19:40

10:10:55

10:20:10

10:20:50

1

10.5

10.5

8

1

10.5

5

0.096

0.176

0.084'

0.141

0.061

0.350

0.062

10.5

1.5

(Continued)

10:21:10

10:21:50

10:21:00 - Surf~~e turbid plume passed
sampling location.

0.054

0.054
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Table 335 (Concluded)

Time of

Collection
(hr:min:sec)

10:22:45

10:23:45

10:24:35

10:25:00

10:26:35

10:27:55

10:29:45

10:30:50

10:31:35

10:34:45

10:35:10

10:39:50

10:43:10

10:43:30

10:48:00

10:48:30

10:49:00

10:55:50

11:01:10

11:07:25

11:13:30

11:17:30

11:18:00

11:18:15

11:32:40

Depth
(m)

1.5

8

10 .. 5

8

10 .. 5

8

8

10.5

1.5

8

10.5

10.5

8

10.5

1.5

8

10.5

10.5

10.5

10.5

10.5

1.5

8

10.5

10.5

Soluble Orthophosphate
(mg P/l)

0.044

0.076

0.167

0.049

0.086

0.049

0.077

0.139

0.045

0.058

0.070

0.069

0.105

0.136

0.079

0.021

0.041

0.070

0.076

0.072

0.064

0.049

0.042

0.026

0.033

Soluble ortho P concentrations based on a single analysis
of one sample.

Dash (-) indicates no data available.
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va~ied between 0.019 and 0.108 mg P/l. The concentration at

mid-depth was greatest (0.141 mg P/l) in the sample collected

during the lowest percent light transmission. It decreased

to 0.049 mgll when the percent light transmission increased

back to ambient levels. After the percent light trans-

mission returned to and remained at ambient levels (~12:25:00),

soluble ortho P fluctuated between 0.021 and 0.105 mg Pil

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/l. Coincident with the decrease in per

cent light transmission, soluble ortho P concentrations

increased to 0.559 mg P/l. For the duration of the sampling

period, the concentrations fluctuated between 0.041 and 0.350

mg P/l. 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 oil 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 centrifuged at 9000 rpm for 10 minutes to remove

particulate matter but were not subjected to filtration in

order to avoid the loss of oil 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.
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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/l

TOC, respectively. The oil and grease content before the plume

Table 336

Carbon and Oil and Grease in the Water Column:

Texas City Dump No. 2* near Buoy B1
(October 10, 1975)

(mg/l)

Composi te~'o'c
Number

Time
(hr:sec)

Soluble
TOC

Oil and
Grease

1 10:06 to 10:16 21.8 5. 9

Surface turbid plume arrive d at sampling location.

2 10:16 to 10:17 20.8 7.1

3 10:18 to 10:22 19.7 4.6

4 10:24 to 10:26 15.2 8.6

5 10:27 to 10:31 27.2 6.1

Surface turbid plume passed sampling location.

6 10:36 to 10:39 26.1 7 . 5

7 10:42 to 10:55 26.4 5. 7

*Dredged material from Texas City Turning Basin.

~'dcTwo 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, oil 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/l.

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

sampling location.

On September 10 and September 20, 1975, samples were

taken from the pipeline dredge discharge from a dredge ope~

tion in the Galveston Channel near the Yacht Basin. Several

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 Galveston Channel sample than

in the GBEC Buoy 1 sample.

Oxygen demand tests were run with three different

volumes of Galveston Channel sediment: 5 cc, 3 cc, and 2 cc.

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 5 cc

sample depleted the oxygen in 45 minutes. The oxygen uptake

per cc (Table 337) for the 5 cc sample was 0.45 mg O2 ; for
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Table 337

General Sediment Characteristics and Oxygen Uptake:

Galveston Channel Sediment Samples

Sampling Eh Sulfide Percent Dry Wt. Oxygen Uptake First Hour Uptake/cc
Designation (mv) (mg/kg) X SD~'

Per Cubic Per Gram First Hr
Meter Dry Weight (mg 02)

'-J (mg 02) (mg 02)
en 2en GC -107 1078 36.3 O. 6 5.9xlO 1.28

5 cc - - - - - - 0.45

3 9C - - - - - - 0.47

2 cc - - - - - - 0.50

* Mean and standard deviation calculated from triplicate analyses.

Dash (-) indicates not applicable.



the 3 cc sample it was 0.47 mg 02' and for the 2 cc sample

it was 0.50 mg 02 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 met~r was 5.9 x 10 2 g 02;

for the first hour it was 1.28 mg 02 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

slopes were-0.018 mg/l 02 min- l, -0.025 mg/l 02 min- l, and

/
. -1

0.060 mg 1 02 mln for the 2cc, 3cc, and 5 cc samples,

respectively. The slow components were (also respectively)

/ . -1 /. -1 /-0.004 mg 1 02 mln ,-0.008 mg 1 02 mln ,and -0.028 mg 1
-102 min These slopes showed no correlation between uptake

rates and volume of sediment.

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.O. 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

similar to that of Morgan's Point and Texas City Channel (TCC)

Site 1 sediments (discussed elsewhere in the repor~). 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 ~mhos/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, 1975. The sediment had particularly
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Table 338

General Physical and Chemical Parameters: Galveston Channel Elutriate Test

Sample
Designation

o
D. O. ( rng / 1 @ 20- 21 C)

After After
Initial Mixing Settling pH

Turbidity
(NTU)

Specific
Conductance

(~rnhos/cm @ 25°C)
Salinity

(0/00)

Site Water

20% Oxic

11.2

6.4 7 .8 4.2

8.2

8.2

4

38

33,000

33,000

26

26

-.J
(J1

CI)

Dash (-) indicates not applicable.



Table 339

Total Heavy Metal Composition: Galveston

Channel Sed!ment and Pipeline Samples
(uglkg)

!;lJxso~so5(soxSD~SDxSDl{so
~ Zn Ni Pb Cu __Fe ff* ~ A;---

5?

Cd

~ SDSD

!in~i~Rl~n~e~~I~~= _
li~~s~~te ~-----------------------------=-
S~rlimerlt:

Au~u~t 7q 776 4'j < 0.5 36.5 0.9 96.8 I, .4 28.5 2.6 < 1 16.4 0.7 27 0.3 0.010 o 11.2 1.1

-....J
<.n
to

pip,,! ine
Compos! t e :

September 10 358 3 I) .6 0.5 25.6 1.3 58 3 17.1 1.2 19.8 2.1 11.7 0.9 20 0.09 0.078 0.010 0.35 0.01

S':cptember 7.0 225 24 < 0.5 0 23.2 5.3 50 5 14.2 0. 1, 1
"

. 8 3.0 11.2 0.7 20 0.03 0.095 0 0.22 0.04

Mean and standard deviation calculated from triplicate analyses.

,"Sediment sample analyzed in September 1975. Pipeline disposal composites were analyzed in April, 1976.

**Iron concentration in g/kg.

Dash (-) indicates not calculated.



high manganese, arsenlC, zinc, and iron concentrations. Con

centrations of zinc and arsenic, 96.8 and 11.2 mg/kg, respect

ively, were lD excess of the US EPA criteria for the accepta-
.. f . 10 .blllty 0 dredged sedlments. These concentratlons 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 maybe 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 ~g/l manganese, and the elutriate con

tained 1900 ~g/l manganese. Zinc and mercury were also re

leased. The site water contained 10.7 ~g/l zinc and 0.007 ~g/l

mercury. There were no significant changes in concentrations

of chromium, nickel, cadmium, lead, lron, 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, ~ere released, while mercury,

which was found in a fairly low concentration in the sediment,
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Table 3110

Soluble Heavy Metal Concent~ations: Galveston Channel

. Elut~iate Test

(Ug!l>

Sample

Designation
Hn

x SO

Cd
j( SD

Cr
X SO

Zn
X SO

tli

X SD

Pb

j( SO

Cu

j( SO
Fe

~ ::>Il

IIlL
x ~J)

-_I\~ ..._
X SD

2.3 0.071 0.004 < 2

'-J
en
f-1

Site Water

20,/; Oxic

72

1900

1.3

1.2

0.1

o

< 2

< 2

10.7 0.9

69.3 1.1

9.3

12.~

1.0

1.1

6.3

7.5

o 7.3

3.9

o

0.1f

2.0 0.007 0 < 2

Mean and standard deviation calculated from dupiicate analyses.

Dayh (-) indicates not calculated.



was 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 elutriatetests are presented in Table 34lJ

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

from TCC-l 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 Galveston 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 Galveston Channel se~iment

caused little change in the soluble orthophosphate concentra

tions of the water.

Organic Compounds

A 20 percent elutriate test was run on 3ediments

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.

The analytical results for the elutriate test and the pipe

line samples are presented in Tables 343 and 344. 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 2.5 ~g/kg or
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Table 341

Nitrogen Compound Concentrations: Galveston

Channel Elutriate Test

(mg NIl)

Sample Organic N Ammonium Nitrate
Designation X SD1~ X SD1~ X SD1d~

Site Water 0.30 0.08 0.08 0 0.10 0.02

20% Oxic <0.05 ruO 7.36 0.10 0.09 0.01

*Mean and standard deviation calculated from duplicate
analyses.

**Mean and standard deviation calculated from triplicate
analyses.

Table 342

Total Phosphorus Concentrations: Galveston Channel

Discharge Samples and Elutriate Test

Sample Designa
tion and Collec
tion Date (1975)

Total Phosphorus*
(mg PIkg dry wt.)
X SD

Soluble Ortho p**
(mg P/1)

SD

Galveston Channel

Pipeline Discharge:

September 10

September 20

Elutriate Test:

Site water

20% oxic

696

362

340

17

12

2

0.17

0.16

0.002

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
of one sample.
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Parameter

Table 343

Data for Organic Compounds: Galveston

Channel Pipeline Dredged Material

Sediment

(lJg/kg)

Elutriate

(ng/l)

Chlorinated Hydrocarbons:
--

Alcyin O. 9 20

op'DDT 1.7 <3.0

pp'DDT 2. 2 <3.0

op'DDD <1.4 <2.0

pp'DDD <1.4 <2.0

op'DDE 1.4 <2.0

pp'DDE 0.9 <2.0

Dieldrin <0.8 <1.2

Endosulfan I <0.9 <1.2

Endosulfan II <3.9 <4.4

Endrin <1.2 <1.6

He-:- 43.chlor <0.3 <0.4

L'i,r..iane O. 5 8. 7

PCBs 86 78

Other Organic Compounds

Oil and Grease

Total Organic Carbon

Total Inorganic Carbon

NT = not tested.

194 mg/kg

0.8 %

0.5 %

764

0.9 mg/1

NT

NT



Table 344
Data for Organic Compounds: Galveston

Channel Elutriate Test

Parameter Sediment Water Elutriate

(lJg/kg) eng/I) Cng/l)

Chlorinated Hydrocarbons:

Aldrin o. 9 6.9 35.1

op'DDT <1.6 <3.0 < 3 . 0

pp'DDT 2 . 5 <3.0 < 3.0

op'DDD <1.4 <2.0 < 2.0

pp'DDD <1.4 <2.0 < 2.0

op'DDE <1.4 <2.0 < 2.0

pp'DDE 2.9 <2.0 < 2.0

Dieldrin <0.8 <1.2 < 1.2

Endosulfan I <0.9 <1.2 < 1.2

Endosulfan II <3.9 <4.4 < 4.4

Endrin <1.2 <1.6 < 1.6

Her-':achlor <0.3 <0.4 < 0.4-

Lir.darie 0.4 3.4 14.3

PCBs 33 171 261

Other Organic Compounds

Oil and Grease

Total Organic Carbon

Total Inorganic Carbon

NT = not tested.

437 mg/kg

0.9%

0.3%

765
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less. The pipeline discharge sediment contained PCBs at a

concentration of 86 ~g/kg, while the Galveston Channel sedi

ment PCB value was 33 ~g/kg.

Galveston Entrance Channel water contained lindane

and aldrin at concentrations of 3.4 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
\

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 l3.5-gallon or five-gallon plastic carboys.

Hydrolab profiles of D.O., 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 seqiment and one

13.5-gallon surface water sample were collected. HSC Site 2

was on the south side of the channel between Olin-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 40C until elu

triation.

General Sediment Characteristics and Oxygen Demand

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-l and 2,

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-l, 28 percent for HSC-2,

and 44 percent for HSC-3. Particle size analysis was per

formed only on HSC-l 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.

The oxygen demand data for the Site 1 sediment sample

lS presented in Table A30 of Appendix A. The standard
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Table 345

General Sediment Characteristics: Houston Ship Channel Sediments

Sample Eh
Designation (mv)

'-J
m
to

HSC-1

HSC-2

HSC-3

-96

-137

-104

Sulfide Percent Dry Oxygen Uptake First Hour
(mg/kg) Weight Per Cubic Meter Per Gram

X 3D X SD Dry Wt
(g °2) (rug ° 2)

2962 78 34 0.1 2 1.425.8xlO

3483 291 28 0.2 2 1.806.0xlO

633 35 44 0.0 2 0.885.2xlO

Mean and standard deviation calculated from triplicate analyses.



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 10 2 g 02 per cubic meter, and 1.42

mg 02 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.
. 2.

HSC-2 sedlment oxygen demand was 6.0 x 10 g 02 per cublc

meter and 1.80 mg 02 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 llland 112. They both showed two-component slopes.

/ . -1 /The fast components were -0.012 mg 1 mln and -0.020 mg 1

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

in the plot of HSC-l demand was expected due to the higher

oxygen demand.

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-l and 2. The range of the standard deviations between

runs for Site 3, 0 to 0.2, indicated good reproducibility. The

first hour oxygen uptakes (Table 345) were lower: 5.2 x 10 2

g 02 per cubic meter and 0.88 mg 02 per gram dry weight. The

plot of the data, Figure 113 had a fast component slope of
-1 -1-0.031 mg/l min and slow component slope of -0.007 mg/l min .

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-l 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-l samples. Duplicate 5 percent oxic,

770



~ = Mean and one standard deviation

4

5

2

3

10, , , , ii' •

9

8

7

6

,.....
""-
Ol
E

"-"

s::::::
QJ
Ol
>,
X

0

""C
QJ

~ >
"'-J ,......... 0

(/)

(/)

or-
e

605040302010
I . , , , , , , ,
o

Time (min)
Figure 111

Oxygen Demand Test: Houston Ship Channel Site 1 Sediment
(Sample size - 3 cc)



£ = Mean and one standard deviation

r--

"'"~
E.....-

s::
(])

~

>,
x

0

"0
(])

>.....
0
til-.J
til-.J

."-N
C

2

I . , , , , , , ,

o 10 20 30 40 50 60
Time (min)
Figure 112

Oxygen Demand Test: Houston Ship Channel Site 2 Sediment
(Sample size - 3 cc)



-...J
-...J
W

2

605040302010
I · , , , , , , ·
o

Time (min)

Figure 1.13

Oxygeo':Demand'Test: Houston Ship Channel Site 3 Sediment

(Sample size-3cc)



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

and 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, Elliott 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 in Table 346. The D.O. concen

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

less than 3 mg/l. These concentrations decreased to 0.6 and

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

sediment had a fairly high oxygen demand. The D.O. levels were

higher during mixing of the 5 percent oxic tests as there was

less sediment exerting a demand. The D.O. concentration de

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

The D.O. in the anoxic tests remained below 0.5 mg/l during

the settling period.

The pH remained essentially unchanged after all six

elutriate tests. The turbidity increased to about the same

level in all elutriates; values ranged from 76 to 150 NTU. The

specific conductance increased slightly (to 3750 ~mhos/cm @

25 0C) as a result of 5 percent oxic elutriation. The 20 percent

elutriate values were greater', ranging from 4420 to 5080 vmhos/cm.
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Table 346

General Physical and Chemical Parameters: Houston Ship Channel Site 1
Elutrlate Tests

D.O. (mg/l @ 25°C) Specific
Sample Conductance

Designation Initial After After pH Turbidity (llmhos/cm
Mixing Settling (NTU) @ 25°C)

Site Water 4.9 - - 7.6 22 3310

5% Oxic A 5.1 6.1 4.5 7.7 120 '3750
'-J
'-J B 5 . 5 6 . 5 5 . 2 7.7 120 3750
(J1

20% Oxic A 2.1 2.9 0.6 7.7 76 5080

B 2.2 1.5 0.5 7 . 7 120 4640

20% Anoxic A 1.9 < 0.5 < 0.5 7.7 130 4420

B 3 . 3 < 0.5 < 0.5 7.7 150 4640

Dash (-) indicates not applicable.



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.O. of

this site water was lower than the HSC Site I 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 I water.

Judging from D.O. concentrations during the 5 and

20 percent oxic tests, the oxygen demand of this sediment

appears to have been about the same or slightly greater than

that of the HSC Site I sediment. The initial D.O. 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.O. levels increased

from 2 to 2.5 mg/l, but they decreased to less than I mg/l

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 anOXlC 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 elutriation; 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 vmhos/cm @ 25°C. In general,

the physical and chemical parameters measured were well replicated

in the replicate elutriate tests.

776



Table 347

General Physical and Chemical Parameters: Houston Ship Channel Site 2
Elutrlate and Plop Tests

D.O. (mg/l @ 25°C) Specific
Sample Conductance

Designation Initial After After pH Turbidity Cllmhos/cm Salinity
Mixing Settling (NTU) @ 25°C) (0/00)

Elutriate Tests:
Site Water 2.4 - - 7.4 17 5410

5% Oxic A 4.0 5.9 3.6 7.9 85 4030

B 4.4 5.3 3.6 8.0 70 4350

20% Oxic A < 0.5 2.0 0.7 7.9 > 1000 7280

-.J B < 0.5 2.5 0.9 8.0 > 1000 7150
-.J
-.J C < 0.5 2.3 0.8 7.8 > 1000 7280

b < 0.5 2.0 < 0.5 7.9 > 1000 7360

E < 0.5 1.8 < 0.5 7.9 > 1000 7180

20% Anoxic A < 0.5 < 0.5 0.6 7.9 65 5840

B 2.3 < 0.5 < 0.5 7.9 55 5840

Plop Tests: oJ:

Site Water 11.0 - - 7.6 0.5 37,340 23.5

2 liters - 10.8 8.8 7.7 53 36,880 22.5

4 liters - 10.2 8.5 7.7 67 37,340 23.5

8 liters - 10.4 8.0 7.7 68 38,210 23.5

Dash (-) indicates not applicable or not measured.

*Elliott Bay site water was used. The 20% sediment solution was mixed for 1 hour
in a 7 mm glass aeration tube. Solution was settled for 30 minutes. Liters
indicated represent total elutriate volume.



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.O. 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 ~mhos/cm,

which corresponded to a 1 0/00 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 ESC Site 3 sediment and water. This site water had

the highest D.O. 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.O. 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.O. concentra

tion after mixing of the HSC-3 20 percent oxic tests were

higher than the corresponding levels in HSC-l 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
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Table 348

General Physical and Chemical Parameters:

Houston Ship Channel Site 3 E1utriate Tests

D.O. (mg/1 @ 25°C) Specific
Sample Conduc'tance.

Designation Initial After After pH Turbidity (llmhos/cm Salinity
Mixing Settling (NTU) @ 25°C) (%0)

Site Water 6.4 - - 7.8 10 21,600 13.0

5% Oxic A 5.4 6.7 5.6 8.1 79 21,900 13.2

......:J B 4.2 6.3 5.5 8.1 92 22,000 13.2

......:J
<D 20% Oxic A 1.7 4.7 0.8 8.1 32 22,700 13.8

B 1.9 4.7 0.6 8.1 53 22,700 13.8

20% Anoxic A 1.1 < 0.5 < 0.5 8.1 60 22,500 13.6

B 1.8 < 0.5 < 0.5 8.1 45 22,600 13.6

Dash (-) lndicates not applicable.



as a result of elutriation. Specific conductance values in

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

to the site water value of 21,600 ~hos/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 I 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 I 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 I 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 ~g/l to <0.5 ~g/l (detection limit)
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Table 3119

Total Heavy Metal Composition: Houston Shit> Channel Sediments

.(mg/kg)

'" *Sampling /-In Cd _C!:-.- Zn Ni Pb en Fe -!!L.- --J.s___

SIte X SO X so ~ SD X SO ~ so ~ so )( so X so X so ~ SD

IlSC-l 142 3 fl.7 0.5 83.8 5.2 29.8· 0.5 25.7 0 lH.2 6.5 70.0 11.2 19.0 <0.1 0.7110 0.035 0.9 0.1
-....J

HSC-? A 259 17 3.9 0 86.0 7.1 21.1 0.7 23.6 0 132.7 11.7 68.9 5.3 20.0 0 8.383 0.018 0.9 0ex>
I-J B 190 21 3.9 0.6 87.5 10.9 15.5 0.3 26.0 1.8 96.11 3.8 62.0 7.9 19.8 0.1 0.313 0.011 1.1 0.1

HSC-3 525 41 0.6 0.5 28.1 4.9 0.1 <0.1 19.6 1.1 . 10.6 1.9 12.3 2.2 19.3 0.2 0.090 0.007 1.0 0.2

A and B are replicates.

llean and standarrl deviation calculated from triplicate analyses.
{:

Zinc and It-on concent r-at.Lons in g/kg.



A and B are replicates.

1·leal! and s t e ndar-d deviation

nash (-) indicates no data.

X SD

Site \>later 76

Sample

Designation

5% Oxic A 130

B 121
-:J 70% Oxic A 57
00

B 113
N

20% Anoxic A 179

B 195

Nn

x
0 1.1

12 0.7

24 0.7

11 <0.5

8 <0.5

20 <0.5

7 <0.5

Table 350

Soluble Heavy Me"tal Concentrat ions: Houston Ship Channel

Site 1 Elutriate Tests

(ug/l>

Cd- __C~ Zn Ni Pb el! __fe__ _IlL--- --As__

SO ~ so R SO )1 SD X SO X SD X SO X SD X SD

0.1 <2 - 35.2 0 13.6 1,6 If.B o.Il 5.0 0,1 339 If. 0.01f7 0 3.6

0.1 <2 - 20.1 3.2 10.2 - If.B 0.1f 1. If 0 29 3 a.01f7 0 2.1

0 <2 - 19.3 1.1 10.3 0.5 If.B 0.5 1.6 0.2 23 1 O,Olf7 0 <2

<2 - IIf.5 1.3 12.0 O.B 1f.3 1.2 3.3 0.2 271f 0 0.01f7 0 2.3
<2 - 48.2 4.6 12.7 0.8 5.1 0.7 1.6 0 210 If 0.047 a 3.0

<2 - 1If.6 0 12.0 1.1 1f.3 0.4 1. If 0.1 61l 1 0.047 0 2.B

<2 - 17 .1 2.0 12.5 0.5 4.B 1.2 1.5 0.1 52 0 0.01f7 0 2.8

calculated from dupl icate analyses.



in all 20 percent tests. Zinc in the site water was 35.2 ~g/l

and in all but one elutriate ranged from 14.5 to 20.1 ~g/l.

In the 20 percent oxic elutriate B, zinc was 48.2 ~g/l. Nickel

decreased slightly in all tests, from 13.6 ~g/l in the site

water to a pange of 10.2 to 12.7 ~g/l in the elutriates.

Copper-decreased from 5.0 ~g/l in the site water to 1.4 to

3.3 ~g/l in the elutriates. Iron showed the greatest decrease

in the 5 percent oxic and 20 percent anoxic elutriates. The

site water contained 339 ~g/l, and these elutriates contained

210 and 274 ~g/l iron. Arsenic decreased to below detection

limit (2 ~g/l) in one of the 5 percent oxic elutriates (from

3.6 ~g/l in the site water). The other elutriates showed from

2.1 to 3.0 ~g/l arsenic. Manganese increased from 76 ~g/l in

the site water to 121 and 130 ~g/l in the 5 percent oxic and

to 179 and 195 ~g/l in the 20 percent anoxic tests. The 20

percent tests, however, contained 43 and 57 ~g/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 ~g/l zinc and the elutriates

contained 16.4 to 143.9 ~g/l Zlnc. The range in the five rep

licate 20 percent oxic tests was 28.2 to 143.9 ~g/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

~g/l manganese. The 20 percent oxic elutriates and one of the

783



Table 351

Soluble Heavy Metal Concentrations: Houston Ship Channel

Site 2 Llutriate and Plop Tests

(\lg!l>

Sample I1n __C_d__ Cr Zn N~ Pb Cu __ Fe Hg ~
Des i.gria t i.on 1. so 1: so l( so X SD x SD X SD X SD X SD X SD X SD

El.utriate Tests:

Site WLitcr J52 52 O.li 0 <2 - 182.0 76.8 8.6 3.5 4.3 0.4 4.4 1.2 39 2 0.01t7 a 213

!..l% Oxi.c A 6'16 37 0.6 0.1 <2 - 27.5 1. 6 11. 3 0.2 3.1 a 4.0 a 26 0 0.047 0 2.3

R 92 11 0.6 0.1 <2 - 16.4 2.7 8.6 0.4 5.4 0.7 2.5 0.3 786 15 0.057 O.OH 2.3

.!U?o Anoxic II 218 10 0.7 0.1 <2 - 17.5 1.2 7.5 0.6 4.3 0.4 2.1t a 181 0 0.01t7 0 3.9
II 3115 11 1.0 0 <2 - 16.6 2.9 8.3 0 4.9 0 2.2 0.1 141t 0 0.047 0 3.8

20°.; O::ic A 13 110 57 0.7 0 <2 - 11J3.9 51t.9 8.4 0.6 3.6 0 2.3 0.3 '12 0 0.248 0 2.5

929 57 0.6 0 <2 - 28.2 1.1J 13.8 0 3.8 0.3 4.6 0 68 8 0.248 0 2.7
-:J

C 9 113 132 0.9 0 <2 45.5 1.0 12.9 0 11.0 0 7.2 0 48 a 0.191 0 2.5(X) -
+:" D 1301 258 0.8 0.1 <2 - 44.8 3.0 7.4 a 3.8 0.3 5.5 0.2 37 1 0.048 0 2.6

L I2bO 326 1.0 0 <2 - 38.1 1.6 6.8 0.4 4.3 0.4 5.0 0.1 31 1 0.01t8 0 2.0

1'101' 'l'c s t s i s

Si le Water 70 0 1.2 0.1 <2 - 52.6 10.4 8.0 0 12.2 0.3 1t.0 0.1 22 0 0.01t7 0 <2

l'lot Test

(21) 3116 18 1.0 0.1 <2 - 20.9 2.1 12.3 0 14.5 0.8 3.0 0.2 43 0 0.047 0 <2

(II 1) 188 25 1.3 0.3 <2 - 23.9 2.8.11.6 0 10.7 0 2.2 0 29 1 0.154 0 <2

(8 1) 362 90 1.2' 0.3 <2 - 21.6 6.2 13.6 0.8 12.2 0.3 2.5 0.1 33 1 0.047 0 <2

II,B,C,D and E are replicates.

11ean and s tanclard deviation calculated from duplicate analyses.

DLiSh (-) indicates no data.

*Plop tests used Ellibtt Bay site water. For explanation and description, see General Parameters section.



5 percent oxic elutriates showed release of manganese. They

ranged in concentration from 646 (the 5 percent oxic replicate

A Blutriate) to 1340 ~g/l manganese (the 20 percent oxic A

elutriate). The 20 percent anoxic elutriates (218 and 345 ~g/l)

and 5 percent oxic replicate A (92 ~g/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 ~g/l mercury and the 20 percent oxi~

A,S, and C replicates ranged from 0.191 to 0.248 ~g/l mercury.

The 5 percent oxic A elutriate and 4 liter plop test solution

contained 0.057 and 0.154 ~g/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 ~g/l in the site

water to a range of 1654 (5 percent oxic B) to 4951 ~g/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 ~g/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 ~g/l in the site water to below the detection

limit (5 ~g/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 ~g/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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Table 352

Soluble Heavy Metals Concentrations: Houston Ship Channel

Site 3 Elutriate Tests

(ug/l>

Sample I-1n Cd Cr. Zn Hi --...f.!L_ e" Fe -.!ilL.- -.As....
Designation X SD X SO 1l SO 1l SO R SD ~ SO R SD X SO X SD ~ SO

Site Water 33 - 1.0 0 <2 - llJ.8 0.3 10.5 0.1 3.0 0 3.1 0.1 6 0 0.0!J7 0 2.0

5% Oxic A 1857 - 1.0 0.1 <2 - 27.6 2.1 10.8 0.1 2.7' 0.4 2.6 0.1 <5 - 0.047 0 2.0

-....J B l651J - 0.9 0 <2 - ll.l 0.7 11.0 0.1 2.!J 0 2.2 0 <5 - 0.154 0 2.2

(X) 20% Oxic A 391'4, - 1.0 0.1 <2 - 1'4.9 - 12.6 1.0 3.lJ 0.7 2.9 0.8 33 2 0.047 0 <2

en B 4284 0.9 0.1 <2 17.8 1.6 10.0 !J.6 0.5 0 50 2 0.0!J7 0 2.2- - 0 1.9

20% Anoxic A 1J432 - 0.8 0 <2 - 10.7 0.2 6.9 0.3 4.0 0.5 1.8 0 15 0 0.0!J7 0 2.6

B 11951 - 0.6 0.2 <2 - 10.7 1.0 7.6 0 4.0 0.5 1.7 0.1 429 0 0.154 0 2.3

A and Bare replicates.

Mean and standard deviation calculated from dupliC'ate analyses.

Dash (-> indicates no data.



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 forHSC Site I

elutriate tests are listed in Table 354. 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

tests and plop test are presented in Table 355. The elutriate

site water ammonlum concentration was higher than that of the

HSC-I 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 I 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

Channel Sediment Samples

(mg N/kg)

Sample Organic N Ammonium
Location X 3D X SD

HSC-l 975 36 182 9

HSC-2 1113 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 Elutriate Tests

Sample Organic N Ammonium Nitrate
Designation X SD X SD X SD

Site Water 0.60 0.03 3.60 0.04 0.32 0.01

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 0.11 0.10 0.01

20% Anoxic A 1.26 0.60 11.22 0.04 0.12 0.01

A and B are replicates.

Mean and standard deviation calculated from duplicate
analyses.

Dash (- ) indicates data not available.

788



Table 355

Ammonium and Nitrate Concentrations: Houston Ship Channel

Site 2 Elutriate and Plop Tests

(mg Nil)

Sample Ammonium Nitrate
Designation X SD X SD

Elutriate Tests:

Site Water 3.99 0 0.21 0.01

5% Oxic A 8.02 '0.04 0.16 0.02

2 B 8.31 0.04 0.16 0

20% Oxic A 17.70 0.42 0.07 0

B 17.00 0.14 0.17 0.10~·:

C 16.30 0.07 0.07 0

D 16.08 0.17 0.08 0

E 15.95 0.07 0.08 0.02

20% Anoxic A 13.10 0.14 0.08 0.01

B 12.30 0 0.10 0.01

Plop Tests:

Site Water < 0.05 'VO 0.39 0.01

(2 1) 0.46 0.02

(4 1) 2.76 0 0.43 0.01

(8 1) 6.28 0.13 0.38 0

A, B, C, 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 Nil)

Sample Organic N Ammonium Nitrate
Designation X SD X SD X SD

Site Water 0.54 0.14 1.08 0 0.28 0.01

5% Oxic A 2.95 0.10 0.32 0.01

B 0.38 0.07 3.04 0.04 0.24 0.02

20% Oxic A <0.05 'Vo 8.11 0 0.11 0

B 8.62 0.05 0.06 0.01

20% Anoxic A 0.12 0.26 6.50 0.06 0.10 0

B 7.16 0.13 0.09 0.03

A and B are replicates

Mean and standard deviation calculated from duplicate analyses.

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 Compound~

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/l) was found at Site 2,

the lowest (1.2 mg P/l) in the Site 3 (Galveston Bay) water.

As previously discussed, the site water used for the plot tests

was from Elliott Bay. The soluble ortho P concentration in

that water was 0.079 mg P/I.
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Table 351

Total Phosphorus Concentrations: Houston Ship

Channel Sediments

(mg Plkg dry weight)

Sample Total P
Designation X 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 elu~riate tests showed uptake of

soluble orthophosphate during 5 percent oxic elutriation.

The approximately 50 percent decrease was from 1.7 mg Pll to

0.97 and 0.76 mg Pil 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; ln 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 Pil whereas the site water concentration was 2.1

mg P/l. 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/l. Substantial release was found under anoxic

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

The HSC-Site 3 sediment showed little soluble ortho

phosphate release during elutriate tests. Both the 5 and 20
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Table 358

Soluble Orthophosphate Concentrations:

Houston Ship Channel Elutriate and Plop Tests

(mg P/l)

Sample

Designation

Soluble Ortho P

SD

Site 1:

Site Water

5% Oxic A

B

20% Oxic A

B

20% Anoxic A

B

1.7

0.97

o.76

2 • 7

3 .8

9 .8

9 .0

0.015

0.006

0.006

o
0.006

0.07

0.035

Site 2
Elutriate Tests:

Site Water

5% Oxic A

B

20% Oxic A

B

c
D

E

20% Anoxic A

B
Plop Tests~':

Site Water
(2 1)

(4 1)

(8 1)

2.1 0.015

o .32 0.002

0.28 0.001

0.63 0.007

1.9 0.006

2 .0 0.006

2 .9 0.006

2 . 7 0

11.0 0

9 .0 0.058

0.079 0.001

0.39 0.009

0.32 0

0.26 0.001

(Continued)
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Sample
Designation

Table 358 (Concluded)

Soluble Ortho P

X SD

Site 3

Site Water

5% Oxic A

B

20% Oxic A

B

20% Anoxic A

B

1.2

0.21

0.32

0.91

0.36

1.2

1.4

0.006

0.001

0.001

0.023

0.001

0.006

o

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. Usually,

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
A B

(llg/kg)

Water
A B
(ng/1)

E1utriate
A .B

(ng/1)

Chlorinated Hydrocarbons:

Aldrin 54.7

op'DDT <3.0

pp'DDT 96.8

op'DDD <2.0

pp'DDD <2.0

op'DDE 238.1

pp'DDE 107.7

Dieldrin 88.8

Endosulfan I < 0.9

Endosulfan II < 1.7

Endrin < 1.2

Hc-~ach1or 0.3

L.i: . .. a n e 32 • 4

PCBs 5208

46.0 <0.6 <0.6 31.8 39.1

<3.0 <3.0 <3.0 <3.0 < 3.0

73.5 <3.0 <3.0 49.0 46.8

<2.0 <2.0 <2.0 <2.0 < 2.0

<2.0 <2.0 <2.0 <2.0 < 2.0

215.5 <2.0 <2.0 92.0 119.7

95.1 <2.0 <2.0 58.7 54.5

74.8 <1.2*<1.2* 44.6 40.6

<0.9 <1.2 <1.2 <1.2 < 1.2

<1.7 <2.2 <2.2 <2.2 < 2.2

<1.2 <1.6 <1.6 <1.6 < 1.6

<0.3 <0.4 <0.4 <0.4 < 0.4

33.4 35.7 29.6 22.3 23.7

5442 <6 <6 12,322 11,188

Other Organic Compounds

Oil and Grease

Total Organic Carbon

Total Inorganic Carbon

(mg/kg)

6517 5218 <0.5 <0.5

0.6 % 0.6% 13 14

0.3 % 0.2% 23 21

(mg/l)

73.3

374

422

36.1

155

120

A and B are replicates.

*Compound detected on two columns.
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Table 360

Data for Organic Compounds: Houston Ship Channel Site 2

Duplicate 20 Percent Oxic Elutriate Tests

Parameter

Chlorinated Hydrocarbons:

Sediment
A B
(~g/kg)

Water
A B
(ng/l)

Elutriate
A B

(ng!l)

Aldrin

op'DDT

pp'DDT

op'DDD

pp'DDD

op'DDE.

pp'DDE

Dieldrin

Endosulfan I

Endosulfan II

Endrin

HE~·- achlor

Lindane

PCBs

40.7

<3.0

53.5

78.8

96.8

142.5

63.4

52.8

<0.9

<3.4

<1.2

43.2

21.8

7762

54.7 9.9

<3.0 <3.0

80.2 <3.0

98.8 <2.0

143.5 <2.0

183.8 <2.0

90.1 <2.0

73.1 <1.2

<0.9 <1.2

<3.4 <4.4

<1.2 <1.6

58.3 6.2

15.4 22.2

8074 57

5.8

<3.0

<3.0

<2.0

<2.0

<2.0

<2.0

<1.2

<1.2

<4.4

<1.6

5.5

16.7

70

10.7

<3.0

7.5

23.2

10.5

49.6

12.3

21.6

<1.2

<4.4

<1.6

11.5

7 • 5

965

14.5

<3.0

13.4

34.7

20.1

45.0

17.8

16.6

<1.2

<4.4

<1.6

14.8

8. 6

779-

Other Organic Compounds

Oil and Grease

Total Organic Carbon

Total Inorganic Carbon

A and B are replicates.

(mg/kg)

3881 3386 < o. 5

0.5% 0.5% 15

0.3% 0.2% 23

795

(mg/l)

< 0.5 44.0

18 207

21 127

49.9

173

130



and 5442 ~g/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 oil 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 ln 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 ~g/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 361
Chemical and Physical Characteristics: Houston Ship Channel

Site 2 Bioassay Elutriates*

Sample

Designation pH

D 0 S C d Total Ammonium UnIonized
. · pee. on. N Amm .° as onla

(mg/l @21 C) (umhos/cm) (mg!l) as NH3
(mg/l)**

Turbidity
(NTU)

Salinity
(%0)

Control A 8.0 7.0 41,500 0.06 <0 .. 01 <1 30

B 8 .. 0 7 .. 0 41,000 0 .. 06 <0.01 <1 30

5% A 7.9 3" 8 39,500 4.93 0.11 42 29

-..J B 7,,8 3,,9 39,400 5 .. 0G- 0 .. 11 48 29
CD
-..J

20% A 7.6 1.3 37,600 13 .. 30 0.15 22 27

B 7 .. 6 1.2 37,300 14 .. 30 0.16 22 27

Aerated A - 5 .. 8

B - 5 .. 6

A and B are replicates.

Dash C-) indicates no data collected ..

~Measurements taken after one-hour settling period.

**For all bioassay elutriates, unionized ammonia calculated from Skarheim fs 9 tables for
fractions of ammonia in the undissociated form.



Table 362

Ammonium Concentrations After the 96-Hour Test Period:
.'~

Houston Ship Channel Site 2 Bioassay Elut~iaten

Sample Total Ammonium Unionized Ammonia

Designation pH as N (mg/l) as NH 3 (mg/l)

Control A 800 0.13 < 0.01

B 8 .. 0 0 .. 20 < 0.01

5% A 7 .. 9 5.42 0.12

B 7 .. 9 4.71 0.10

20% A 7.7 12.20 0.17

B 7 . 6 12.80 0.14

A and B are replicates.

*Temperature 21 0C.

of ammonium took place over the 96-hour test period. In

addition, there were initial decreases in the D.O. concentra

tions and increased levels of turbidity.

The D.O. 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.O. concen

tration to a level where additional oxygen demand would not

lower the D.O. concentration below 2 mg/l. Table 363 shows

that the D.O. concentrations of the bioassay 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 ~g/l in the 5

percent test and 80 ~g/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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Table 363

Dissolved Oxygen Con~entrations Over Bioassay Pe~iod:

Houston Ship Channel Site 2

Time

(hrs)

o
0.5 hr aeration

24
-....J

to 48
to

72

96

A and B are replicates.

Dash (-) indicates no data.

Dissolved Oxygen (mg/l @ 21°C)
Control 5'% '2'0%

A B A .B A B.

7.0 7.0 3.8 3.9 1.3 1.2

5.8 5.6

6.2 6.0 3.6 3.4 3.8 3.4

5.6 5.5 3.6 3.2 3.5 3.2

5.5 5.4 3.4 3.0 3.2 3.2

5.5 5.2 3 •.2 3.• 0 3.2 3.0



Table 364

Release of Heavy Metals: Houston Ship Channel

Site 2 Bioassay Elutriate

(lJg/ 1 )

SarnJ?le . Mn Cd Cr Zn Ni Pb Cu Fe Hg
Deslgnatlon

Control A 132 2.7 < 2.0 158 23.3 24.5 32.3 39 0.004

B 152 2.8 < 2.0 178 25.0 24.5 40.3 41 0.004

5% A 192 1.8 < 2.0 112 16.8 17.3 13.0 d99 0.004
CX)

B 192 14.2 1105 0.004a 2.0 < 2.0 160 21.8 18.0
a

20% A 233 3.1 < 2.0 142 18.8 16.6 13.7 1825 0.004

B 213 1.6 < 2.0 124 15.3 12.2 10.3 2504 0.004

A and B are replicates.



in the 5 and 20 percent sediment tests, respectively. Copper,

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.

There was a 10 percent toxicity observed in the 20 percent

sediment tests.

The chemical characteristics of the HSC-3 bioassay

test waters are presented in Table 3668 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.O. concentrations

and increased levels of turbidity. Again, the initial de

creases in D.O. 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.O. In the HSC-3 bioassay elutriates. The data indicate the

minimal aeration period assured an adequate concentration of

D.O. 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 368. The

data show large releases of both iron and manganese. Concen

trations of the latter ranged from 9.6 mg/l in the 20 percent

tests to over 11 mg/l In the 5 percent tests. Copper was

removed from solution In both the 5 and 20 percent sediment

tests as was nickel. No significant changes from the test

water concentrations were observed for" cadmium, chromium, lead,
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Table 365

Response of P. pUglO 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) P~ercentages

,-

Controls 5% 20%
A B A B A B

0 10 10 10 10 10 10

2 10 10 10 10 9 9

12 10 10 10 10 9 9

24 10 10 10 10 9 9

36 10 10 10 10 9 9

4-8 10 10 10 10 9 9

60 10 10 10 10 9 '9

72 10 10 lO 10 9 9

84- 10 10 10 10 9 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. Examination of the

table shows no toxicity of HSC-3 sediments to P. pugio over

the 96~hour test period.

Houston Ship Channel-Morgants Point

Water and sediment samples for elutriate tests were

collected at Morgan's Point in the HSC. Figure 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 366
. ·Che'nU.cal and Physical 'C1\a;:r;acteristics: Hou'ston Ship

'ChanneT 'S"i'te J Bioassay Elutriates~';

Sample D.O. Spec. Cond. Turbidity Total Ammonium Unionized
Designation pH (mg/l @ 210C) (umhos/cm) (NTU) as N Ammonia

(mg/l)
as NH 3
(mg/l)

Control A 8.0 7.6 41,300 < 1 0.05 «: 0.01

B 8.0 7.6 41,300 < 1 0.03 < 0.01

5% A 7.8 4.2 40,900 68 2.60 0.04
CD
a B 7.8 4.1 40,800 72 2.68 0.04w

20% A 7.8 1.6 39,300 21 8.11 0.14

B 7.6 1.5 39,800 37 6.89 0.08
After 6.2 - 7.39 0.13aeration: - -

5.8 - - 6.98 0.08

A and B are replicates.

Dash (-) indicates no data collected.

*Measurements taken after one-hour settling period.

Salinity

(0/00)

30.5

30.5

30.1

30.0

28.9

29.2



Table 367

Dissolved Oxygen Concentrations Over Bioassay Period:

Houston Ship Channel Site 3 Bioassay Elutriates

co
o
-+=

Time

(hrs)

o
10 min. aeration

24

48

72

96

A and B ar~ replicates.

Dash (-) indicates no data.

Dissolved

Control
A B A

7.6 7.6 4.2

- - -
7 . 2 7 . 5 4.3

7 . 0 7 . 3 4.2

6.7 6.8 4.1

6.6 6.6 4.0

Oxygen (mg!l @210C)

5% 20%
.B A

4.1 1.6

5.8

4.3 4.8

4.2 4.6

4.0 4.3

3.9 4.3

B

1.5

6.2

5.0

4.7

4.1

4.0



Table 368

Release of Heavy Metals: Houston Ship Channel

Site 3 Bioassay Elutriates

(llg/l)

Sample
Designation Mn Cd Cr Zn Ni Pb Cn Fe Hg

Control A 111 2.4 < 2.0 141 32.5 12.2 22.1 38 0.004

B 132 2.5 < 2.0 90 34.2 14.4 22.6 39 0.004

5% A 11,366 1.8 < 2.0 73 19.5 7 .2 8.4 1023 0.004
co B 11,342 2.1 < 2.0 150 20.8 10.1 9. 9 1064 0.004a
en

20% A 9,563 3.1 < 2.0 169 14.3 5.8 9.5 406 0.004

B 9,684 2.4 < 2.0 137 16.0 7 . 2 8.8 961 0.004

-

A and B are replicates.



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

Time Number of P. pugio Living at Varying Sediment
(hrs) Percentages

Controls 5% 20%
A B A B A B

0 10 10 10 10 10 10

1 10 10 10 10 10 10

2 10 10 10 10 10 10

12 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

36 10 10 10 10 10 10

'48 10 10 10 10 10 10

60 10 10 10 10 10 10

72 10 10 10 10 10 10

84 10 10 10 10 10 10

96 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

laboratory where they were stored in the dark at 4oC.

Elutriate Test General Parameters

Single 5 percent and 20 percent oxic tests were'

run; the total test volume was 3 lite~s. 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.O. decreased during set

tling to a lesser extent in the 5 percent than in the 20 per

cent elutriate. The final D.O. values were within. the range

found for the Tee elutriates. The site water had a slightly

lower pH than did the Tee 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

the 5 percent. The site water (7,127 ~rnhos/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 e1utriates 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 ~g/l. This dropped to 3.4 and 1.5 ~g/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 ~g/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 ~g/l, respectively. Releases of lead and chrom

ium were slight. In the case of mercury, slight uptake was

seen in the 5 percent test and slight release was seen in the

20 percent test.
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Table 370

General Physical and Chemical Parameters: Morgan's Point Elutriate Tests

(mg/l @ °C)
Specific

Sample Dissolved Oxygen Turbidity Conductance Salinity
Designation Inltlal After Mlxlng After Se t t Li.n g pH (NTU) (umno s z cm @ 2SoC) (%0)

Site Water 11.6@7.So - - 7.5 28 7,125 1+

5% Oxic - 9.9@15.0o 9.6@16.0o 8.0 120 7,300 1+
(X)

20% Oxic~~ 9.0@11+.5° 5.3@17.0oa - 8. a 7 8,960 S
(X)

Dash (-) indicates not applicable.

*Sample centrifuged to reduce turbidity.



Table 371

Soluble Heavy Metal Concentrations: Morgan r s Point

Elutriate Tests
( lJg/lJ

~;(j"lp~.e Mn Cd Cr Zn Ni Pb eu rc ~-
co lJe s .i ~" r I a t:ion X SD X SD ~ SD ~ SD X SD ~ SD X Sf) X 51) X $'>
0
<.0

Site Water 4.1 - 0.3 - < 2.0 - 14.9 - 2.6 - < 1.0 - 1.3 - 11.6 - 0.041

5% OXLc 1920 ]03 < 0.3 'Vo 5.0 4.2 15.6 2.4 4.0 0.8 < 1.0 "'0 < 1.0 "'0 3.4 2.1 0.028

20% Oxic 507 7 < 0.3 'VO 6.0 2.8 14.8 1.3 1.6 - 1.3 0.3 < 1.0 "'0 1.5 0.6 o.O,B6

Hean and standard deviation calculated from duplicate determinations.

Dash (-) indicates that standard deviation could not be computed.



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, ~he 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.O. 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/I 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 5 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 I mg/l of manganese
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Table 372

Nitrogen Compound Concentrations: Morgan's Point

Elutriate Test* with One-Hour Settling

Nitrate

(mg NIl)

Sample Organic N Ammonium
Designation X SD~c ic X SDic ic

Site Water 0.84 0.81 1.2 0.01

5% 0.98 0.66 1.86 0.06

20% <0.05 0.91 4.23 0.11

0.38

0.27

0.26

SDt

0.01

0.01

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/l)

Sample Soluble Ortho P
Designation X SD

Site Water 0.57 0.004-

5% Oxic 0.13 0.01

20% Oxic~': 0.095 0.001

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

*Elutriates were centrifuged @ 5000 rpm for
analysis.

Total Phosphorus

X SD

0.86 0.01

0.20 0.005

0.21 0.01

duplicate or

5 minutes prior to
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Table 374

Chemical and Physical Characteristics: Morgan's Point Bioassay Elutriates

Sample D.O. Spec.Cond. Total Unionized Turbidity Mn~':-::

(mg/@ (llmhos/cm Ammonium Ammon.i.asDesignation pH 20.50C) @ 20.5 0C) (mg Nil) (mg Nil) (NTU) (llg/1)

Control A 8.1 7.2 35,000 0.04 < 0.01 2 5

B 8.1 7.2 35,000 0.04 < 0.01 2 5
ex> 5% A 7.9 5.5 38,200 1.33 0.04 60 747
I--J
N

B 7.9 5.5 38,300 1.33 0.04 70 300

10% A 7.7 2.3 38,000 2.97 0.06 42 470

B 7.7 2.4 37,900 2.97 0.06 42 731

20% A 7.7 1.9 37,000 3.64 0.07 21 1059

B 7.7 2.0 36,900 3.64 0.07 20 959

A and B are replicates.

Measurements taken after the one hour settling period.

*For all bioassay elutriates, unionized ammonia calculated from Skarheim's9 tables for
fractions of ammonia in undissociated form.

**The only heavy metal for which release was monitored was manganese.



released in 20 percent sediment elutriates.

The results of the acute toxicity 95-hour Morgan's

Point elutriate bioassays using ~. pugio are presented in

Table 375. The data show increased toxicity to ~. pugio

with increasing sediment percentages for the 96-hour test

period. The percentages of grass shrimp 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 some of the highest ob

served for sediments sampled within the HSC.

Table 375

Response of P. pugio 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 A B

° 10 10 10 10 10 10 10 10

12 10 10 10 10 9 9 8 8

24 10 10 9 9 8 9 8 8

36 10 10 9 9 8 8 7 8

48 10 10 9 9 8 8 7 8

50 10 10 9 9 8 8 7 8

72 10 10 9 9 8 8 7 8

84 10 10 9 9 8 8 7 7

96 10 10 9 9 8 8 7 6

A and B are replicates.
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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 ln 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 13-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 4oC. 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 44.6 percent with a standard devia

tion of 1.3.

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 10 2 g 02' while the

uptake per gram dry weight was 0.42 mg 02 for the same time

period. The plot of the log of the D.O. versus time is seen

ln Figure 115. The slope of the fast component was calculated
-1to be -0.027 mg/l min ; the slow component slope was -0.004

-1mg/l min .
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Elutriate Test General Parameters

Single 5 percent and 20 percent oxic elutriate tests

were run in addition to duplicate 5 percent anoxic/oxic and

duplicate 20 percent anoxic/oxic tests. These anoxic/oxic

tests all were subjected to 20 minutes of oxygen-free nitrogen

gas mixing followed by 10 minutes of compressed air mixing.

To determine effects of sediment and water sample storage on

elutriate test results, a single 20 percent oxic elutriate

test on the sediment and water samples was run 54 days after

collection. During the storage period sediment and water

samples were kept in the dark at 40 C.

The general physical and chemical parameters data

from the Port Lavaca elutriate tests are presented in Table

376. The patterns of D.O. concentrations during the elutriate

tests indicated that the oxygen demand of this sediment was

not high. The 20 percent elutriate had only a slightly lower

D.O. than the 5 percent. Both the 5 percent and 20 percent

anoxic/oxic elutriates generally had high D.O. concentrations

Cafter settling) even though they had been aerated only 10

minutes. The 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. The

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

110 NTU. Reproducibility of this parameter in duplicate (gen

erally a function of decantation technique) tests was moderately

good.

The specific conductance incre~sed as a result of

elutriation under all conditions tested and showed, in

general, good replication in all duplicate tests. The increase

was less in the 5 percent oxic elutriate than in the others.
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Table 376

General Physical and Chemical Parameters:

Port Lavaca Elutriate Tests

Salinity
(°100)

Specific
Conductance °

(lJmhos/cm Q 25 C)
Turbidity

C1JTU)pH
After

SettlingIT2 ---- - - Air

Dissolved Oxygen (mg/l @ °C)
After i'1ixlng

Sample
Designation and----- 
Date Performed I 't' 1

(1975) nl la

July 25:

Site water 8.1@ 6.0° - - - 8.4 17 '14,340 8. 3

5% Oxic 9.5@ 9.0° - 11.4@11.00 9.9@14.00 8.1 89 15,000 8.5

20% Oxic 7.3@ 8.5° - 9.7@11.00 7.3@14.5° 8.3 42 17,110 10

5% Anoxic/Oxic
co A 9.8@10.00 1.3@11.5° 9.5@12.00 8.8@15.00 8.3 110 17,170 10f-l
co B 7.5@12.5° 0.7@14.5° 8.6@14.00 8.1@16.00 8.5 44 17,020 10

20% Anoxic/Oxic

A 7.9@ 9.0° <0.5@11.5° 8.7@12.00 7.5@14.00 8.4 68 17,220 10

B 2.1@12.00 1.0@13.5° 5.0@14.00 1.5@15.5° 8.5 47 16,830 9.5

September 8:

Site water 9.9@20.00 - - - 8.1 2 16,700 9.5

20% Oxic 4.8@20.3° - 9.2@20.5° 5.0@21.00 8.4 62 16,800 9.5

A and B are replicates.

Dash (-) indicates not applicable.



Salinity, being derived from the specific conductance values,

followed the same pattern.

After the 54-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 25 0C,

the error involved in such a correction was probably greater

in the pre-storage site water samples (measured at 6oC) than

in the water measured (at 20 oC) after storage. In the 20

percent oxic elutriate test run after storage, the D.O. 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 (~l.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

h
. . 10were below t e crlterla.

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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Table 377

Soluble Heavy Metal Concentrations:

Port Lavaca Sediment and Water Samples

Sediment Bottom Water (mg/l) Surface Water (rog/l)

Metal (mg/kg) Soluble Total Soluble

X SD X SD X SD X SD

Manganese 417 22 50 - 120 - 90

Cadmium < 1 0 1.7 0.1 1.9 0.4- 1.0

Chromium 20 12 < 2 - < 2 - < 2

Zinc 75 33 30.1 4-.2 56.4- 12.7 17.7
Nickel 13 5 7.2 0 7.1 1.6 2.6co

I'V Lead 12 2 3. 0 0.2 7.7 0.8 2.40

Copper 9.5 2.0 4.8 0.3 8. 5 O. 6 4.0
Iron~': 21.0 1.0 19.4- o. 9 424 9 21.1
Mercury 0.075 0.010 0.062 0.002 0.091 0.006 0.016 0.002

Mean and standard deviation calculated from duplicate analyses.

Dash (-) indicates SD cannot be computed.

*Iron sediment concentration in g/kg.



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 ~g/l and dis

solved mercury 0.062 ~g/l. It has been established that

mercury concentrations equal to or exceeding 0.10 ~g/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 ~g/l) but substantially higher

than the level presenting mini~al deleterious effects (20 ~g/l)

according to NAS-NAE.
33

Trace heavy metal concentrations for Port Lavaca

elutriate tests are presented in Table 378. Significant

increases in manganese concentrations were observed in all

elutriates. Manganese release was greater, on the average,

in tests with 20 percent sediment content than in those with

five percent sediment content. In addition, the average re

lease of manganese was greater in thi systems partially

treated with nitrogen gas than in those that were aerated

only" The highest manganese concentration occurred in 20

percent anoxic/oxic replicate B, coinciding with the lowest

D.O. concentration found during these elutriate tests.

Very small, statistically significant increases in

lead and nickel appear to have occurred. Iron concentrations

in the elutriates showed considerable scatter around the

site water value (25 ~g/l). Iron release (159 ~g/l) was
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Table 378

Soluble Heavy Metal Concentrations: Port Lavaca Elutriate Tests

Sample Mn Cd Cr . Zn ~ .Pb eu Fe ---!!&
Designdtio!1 ~ SD X SO X SD X SD X SO X SO X SO X SD :< SO

--

Site Water 90 'VO 1.0 - < 2 - 17.7 - 2.6 - 2.4 - 4.0 - 25.1 - 0.016 0.002
5% Oxic 450 'VO 1.0 0.2 < 2 - 19.4 1.9 4.7 0.4 5.9 0.6 3.7 0.2 74.4 23 0.019 0.009

00 20% Oxic 550 'Vo 0.8 0.1 < 2 - 18.0 2.0 4.5 0.3 6.6 0 3.2 0.2 22.3 1.3 0.037 0.013
I'-.)

5% Anoxic/OxicI'-.)

A 450 'Va 1.2 0.1 < 2 - 20.4 4.1 4.7 a S.O 0.6 3.7 0.7 159.3 3.9 0.033 0.011
B 600 'Va 1.0 0.1 < 2 - 17.3 0.6 3.7 0.1 5.6 0.2 2.6 0.1 40.1 7.5 0.007 0.006

20% Anoxic/Oxic
A 610 'Va 1.0 0.2 < 2 - 16.2 0.4 5.6 1.0 5.7 0.4 3.6 0.1 38.2 0.7 0.017 0.002
B 980 'Vo 0.8 0 < 2 - 18.S 1.8 2.6 a 3.9 0.9 1.9 0.4 20.8 2.1 0.015 0.000

A and B are replicates.

Mean and standard devia~ion calculated from duplicate analyses.

Dash (-) indicates SD cannot be computed.



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 in 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



Table 379

Nitrogen Compound Concentrations:

Port Lavaca Elutriate Tests

(mg N/l)

Sample
Designation Organic N Ammonium Nitrate
and Date X SD~~ X SD~': X SD~'~ ~':
Performed

(1975)

July 25:

Site Water 0.46 0.02 <0.05 'VO <0.04 'VO

5% Oxic 0.23 0.06 0.81 0.02 0.38 0.01

5% Anoxic/Oxic

A O. 34 0.09 0.78 0.01 0.28 0.01

B 0.67 0.07 1.53 0.07 0.07 0.01

20% Oxic 0.98 0.13 1.98 0.05 <0.04 0.01

20% Anoxic/Oxic

A 0.66 0 1.54 0 0.05 0.01

B 0.80 0.03 3.28 0.01 <0.04 'Vo

September 8 :

Site Water 0.86 0.15 0.10 <0.04 0.01

20% Oxic 0.05 'VO 1.95 0.12 0.01

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/l)

Sample Soluble Ortho P Total P
Designation X SD X 3D

July 25 :

Site Water 0.023 0.001 0.06 0.01

5% Oxic 0.082 0.001 0.20 0.016

20% Oxic 0.058 0 0.38 0.028

5% Anoxic/Oxic

A 0.26 0.005 0.24 0.017

B 0.10 0.002 0.15 0.03

20% Anoxic/Oxic

A 0.086 0.003 0.20 0

B 0.12 0 0.27 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 to those found In the GBEC. It contained 263 mg

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

conditions 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 5

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

20 percent anoxic/oxic tests.

During the 54-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/I) under the elutriate test con

ditions employed. The 20 percent oxic elutriate had a slightly

higher concentration (0.38 mg P.I) 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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Bioassays

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.O. 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 Nil 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 mgll in the 20 percent

sediment tests.

Table 382 shows the concentrations of D.O. 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 mgll 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 bioassay 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 bioassays using f. pugio are presented in

Table 384. The data show no acute lethal effects for the

Port Lavaca bioassay elutriates.
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Table 381

Chemical and Physical Characteristics : Port Lavaca Bioassay Elutriates*

00
I'V
00

Sample
Designation

Control A

B

5% A

B

10% A
B

20% A

B

pH

8.2

8. 2

8. 2

8. 2

8.2

8. 2

8. 2

8.2

D.O.
(mg/l @
16.0-17.1

oC)

7.4

7.4

5.2

5.5

2.9

2.5

2. 5

2.2

Spec. Condo
(~mhos/cm

@ 16.0-17.1o C)

37,000

36,500

36,100

35,900

37,000

35,400

36,000

36,000

Total
Ammonium
(mg Nil)

0.05

0.005

0.74

0.79

0.95

1.00

1.62

1.58

Unioni zed:', :':
Ammonia
(mg Nil)

< 0.01

< 0.01

0.04

0.04

0.04

0.05

0.07

0.07

Turbidity

(NTU)

1.2

0.4

33

36

34

26

27

26

A and B are replicates.

*Measurements taken after the one-hour settling period.

**For all bioassay elutriates, unionized ammonia calculated from Skarheim's9 tables for
fractions of ammonia in the undissociated form.



Table 382

Dissolved Oxygen Concentrations Over Test Period:

Port Lavaca Bioassay Elutriate
o(mg/l @ 16.1 - 18.5 C)

Time Control Percent of Sediment of Total Elutriate Volume
5% 10% 20%

(hr) A B A B A B A B

0 7.5 7 . 5 5.2 5.5 2.9 2.5 2.5 2.2
1 ~': 7.4 7.4 6.6 6.9 6.9 7.0 6.7 6.7

ex> 24 7.1 7.1 6.4 6.8 6.5 6.5 6.6 6.4N
<.0

48 6.9 6.9 5.4 5.9 5.5 5.5 5.3 5.4

72 6.0 5. 7 6.3 6.8 6.9 6.9 6.7 6.7

96 6.7 6.6 6.2 6.5 6.7 6 .3 6.4 6.1

A and B are replicates.

*Measurements taken after first hour of aeration.



Table 383

Release of Heavy Metals: Port Lavaca Bioassay Elutriates

(u g zL)

Sample
Designation Mn Cd Cr Zn Ni Pb Cu Fe Hg

Control A 50 <0.3 <2.0 18.0 12.2 1.2 6.2 3.5 <0.001

B 50 <0 . 3 <2.0 18.0 12.2 1.2 6.2 3.5 <0.001

Q) 5 percent A 580 0.7 <2.0 29.0 8.1 4.6 4.7 102 0.011
w
0 B 600 1. 2. <2.0 17.0 11.4 3 . 7 4.8 93 0.004

10 percent A 1030 1.1 <2.0 27.0 20.7 7.3 4.9 81 0.005

B 1090 O. 8 <2.0 25 .0 7 .2 5 . 7 6.1 93 '0.021

20 percent A 1770 1.3 <2.0 28.0 14.0 4.8 4.9 178 0.015

B 1550 1.2 <2.0 28.0 9.3 3.8 3.9 107 0.007

A and B are replicates.



Table 384

Response of P.pugio to Varying Sediment Percent of Total

Elutriate Volume as a Function of Time:

Port Lavaca Elutriates

Number' of: P,. pugio ,. Li_ving at Varying Sediment ;Percentages

Time Control 5% 10% 20%
(hr) A B A B A B A B

0 10 10 10 10 10 10 10 10

ex> 12 10 10 10 10 10 10 10 10
w
J-I 24 10 10 10 10 10 10 10 10

36 10 10 10 10 10 10 10 10

48 10 10 10 10 10 10 10 10

60 10 10 10 10 10 10 10 10

72 10 10 10 10 10 10 10 10

84 10 10 10 10 10 10 10 10

96 10 10 10 10 10 10 10 10

A and B are replicates.



Chlorinated Hydrocarbons in Aquatic Organis~s

In order to investigate whether or not aquatic

organisms inhabiting an area that has been extensively used

for dredged material disposal accumulate excessive amounts

of chlorinated hydrocarbon pesticides and PCBs, a series of

biological samples was collected in late November, 1975, 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 polychaetes. 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

setiferous. The rest of the invertebrates were not identified.

All samples were wrapped in aluminum foil and frozen at -10°C

shortly after sampling.

Due to shortage of funds, only three samples have

been analyzed thus far for the chlorinated hydrocarbon pesti

cides and PCBs 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 Environ

mental Sciences Program. The three samples analyzed include a

single spotfish, identified as Leiostomus xanthurus, with a total

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

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

with total lengths of 5.1 and 7.6 cm. 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).

A single analysis was performed on the spot, a composite of

the small fish, and composite of the two white shrimp. Each

sample was thoroughly' ground and mixed with anhydrous

sodium sulfate to dehydrate the sample. The dehydrated samples

832



Table 385

List of the Biol~g.ical Samples* Collected

from the Galveston Bay Entrance Channel

Disposal Site , November, 1975

Or-gan.isma Number Range of Total
Length (cm)

Atlantic croaker (Micropogon undulatus)

Anchovy (Anchoa mitchilli)

Bumper (Chloroscombrus chrysurus)

Pompano (Trachinotus carolinus)

Fringed flounder (Etropus crossotus)

Spot~ish (Leiostomus xanthurus)

Atlantic spadefish (Chaetodipterus faber)

Silver seatrout (Cynoscion nothus)

Tonguefish (Symphurus civitatus)

Crab (unidentified)

White shrimp (Leiostomus xanthurus)**

Pink shrimp (unidentified)

Squid (unidentified)

Annelids (polychaetes)

Mixed fish (predators)

28

300+

100+

100+'

4

5

8·

12

12

20

60

20

100

10

100

2.5-15

5 - 6

5 - 6

5 - 6

5 -10

15 -16

8 -10

5 .-20

8 -10

2.5-.5

5 -15

2. 5-. 5

5 -10

5 -10

2 - 7

*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 of the sample

extracts indicated the presence of 22 to 26 characteristic

peaks of relative retention times (R ) ranging from 0.3 to
r

7.9. Fourteen of these peaks were of the same R values as
r

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

h d . .. F 34results as well as t e lower etectlon llmlts and the US DA

guidelines for edible portions of fish and shellfish. The

table shows that the spot contained a.Ldrvi.n , 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 fish. 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 FDA
34

guide-

. line levels for edible portions of fish and shellfish. It
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Table 386

Concentrations of Chlorinated Hydrocarbon Pesticides and PCBs in Biological

Samples Collected November, 1975, GBEC Disposal Site

(ppb)

00
w
U'1

Compound

Aldrin

Dieldrin

op'DDT

op'DDD

op'DDE

pp'DDT

pp'DDD

pp'DDE

Endosulfan I

Endosulfan II

Endrin

Heptachlor

Lindane

Methoxychlor

Total PCBs

Spot
(57.3 g)

1.3

< C. 8

< 1.6

< 2. 0

< 2.0

< 2. 2

2. 7

1.9

< 0.9

< 2.0

< 1.2

< 0.3

< O. 2

< 3.0

95.1

Small Fish
(Composite

of 3)
(9.3 g)

1.1

< C. 8

< 1.6

< 2.0

< 2.0

< 2.2

1.9

3.0

< 0.9

< 2.0

< 1.2

< O. 3

0.4

< 3.0

35.3

White Shrimp
(Composite

of 2)
(23.9 g)~'~

< 0.4

< 0.8

< 1.6

< 2. 0

< 2. 0

< 2.2

< 1.5

< 1.4

< 0.9

< 2.0

< 1.2

< 0.3

< O. 2

< 3.0

6.3

Lower
Detection

Limits

0.4

0.8

1.6

2.0

2.0

2.2

1.5

1.4

0.9

2.0

1.2

0.3

0.2

3.0

6

US FDA34

Guideline Levels
for Edible
Portions

-{ 300

1'11

N1

300

30 0 ~'n'~

NL

NL

5000

*Weight after removal of the exoskeleton.
**Including heptachlor epoxide.
N1 = No limits.



should be noted that analyses of the spot and small fish were

performed on the whole organism.

In sununary, 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.

836



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 ln 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.



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.O., 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 Slip 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 e1utriation. Disposal

site water for the e1utriate 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

same 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

838



PUGET 0
SOUN

ELLIOTT

BAY
OISPOSAL~
BUOY " 0"

N

I
SCALE IN MILES

o 0.5

SAMPLING
S ITES 6C-_,-,~,;:

Figure 116
Seattle Sampling Locations

839



(seven individual samples) and D.O. 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.O. data.

The other two disposals were labeled Elliott Bay Dumps Nos.

lA, IB 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 (lA) until

41minutes after the last dump (2B); the total monitoring time

was 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 (-Ill 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

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.

The slope of the line formed was -0.001 mg/l min- l for the

first hour. The sample from Site 1 showed a low uptake over

a one-hour period. The uptake for the first hour per cubic
3meter was calculated to be 42 g 02 m and 0.03 mg 02/dry

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 2

g 0 2 for Site 2 sediment and 5.7 x 10 2 g 02 for Site 3

sediment. The uptake for the same time period per dry

weight was 0.64 mg 02 for Site 2 and 0.62 mg 02 for Site 3

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,. In the first hour, the slopes

f I
. -1 .or the slow components were -0.006 mg 1 mln for Slte 2 and

-0.007 mg/l min- l 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 also 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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Table 387

General Physical and Chemical Parameters: Duwamish River Site 1

Oxic and Anoxic Elutriate Tests

Specific
Dissolved Oxygen (m~;ll @ 22.2-23.SoC)Sample Turbidity Conductance Salinity

Designation Initial After Mixlng After Settling pH (NTU) Cumho s Zcm @ 2SoC) (° 1 0 0 )

Site Water 1 13.1 - - 7.S 1 33,600 26

5% Oxic A 7 . 3 7 .6 7.3 7 .6 14-0 33,700 26

CD B 7.0 7.6 7.1 7.7 160 33,4-00 25.5
+:"
(J'1

20% Oxic A 1.0 12.2 9.4- 7.2 200 30,000 22.8

B 4-.0 11.6 10.2 7.4- 220 29,800 22.8

20% Anoxic A 5.0 < 0.5 1.4- 6.S 230 29,SqO 22.8

B 3.8 < 0.5 0.6 7.0 170 30,000 22.8

A and B are replicates.

Dash (-) indicates not applicable.



D.O. concentrations did not appear to change more than

0.6 mg/l during the 5 percent tests. A greater D.O. 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/l.

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.O. uptake results in this study. Dissolved oxygen

concentrations after settling were greater in the 5 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.O. concentrations after

settling were lower than those for Site 1 may be related to

the relatively lower D.O. 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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Table 388

General Physical and Chemical Parameters: Duwamish River Site 2

Elutriate Tests-

Dissolved Oxygen (m~/l @ 21.5-23.8 0C)
Specific

Sample Turbidity Conductance Salinityo 0
Designation Initial After Mixlng After Settling pH (NTU) (urnhos z cm @ 25 C) (100)

Site Water 1 8.5 - - 7 . 8 1 33,600 26

20% Oxic ,A < 0.5 6.4 4.0 7.0 130 29,600 22.5

B < 0.5 6.8 3.1 7.0 140 30,600 23

00 20% Anoxic A < 0.5 < 0.5 < 0.5 6.7 180 29,600 22.5
+:"
-.....J B < 0.5 < 0.5 < 0.5 6.7 200 30,600 23

Site Water 2 9.4 - - 7.8 1 38,100 29.2

5% Oxic A 4.8 7.6 6.7 7.6 170 32,600 25

B 4.7 7 . 5 6.6 7.6 130 32,600 25

A and B are replicates.

Dash (-) indicates not applicable.



during 5 percent elutriatiQn; 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 0 1 0 0 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.O. 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.O. 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.O. found during the plop test was low, with

values falling midway between those in the 20 percent oxic and
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Table 389

General Physical and Chemical Parameters: Duwamish River Site 3

Elutriate Tests and Plop Test

sample
Designation

Dissolved OxygenCmgll @18-24oC)
Initlal After Mixing After Settling

pH
Specific

Turbidity Conductance
(NTU) (umhos/cm @ 2SoC)

Salinity
(%0)

Elutriate Tests:

Site Water 2 8.0

20% Oxic 1.9

co 20% Anoxic 1.4
.+:
<D

5% Oxic 4.S

Plop Test:

Site Water 2 8.1
f~

20% (12 1) 6.0

S.4

< 0.5

6.4

1.9

3.6

< O.S

4.8

1.7

7.8

7.0

6.8

7.4

7.1

1

170

230

ISO

41

38,100

39,SOO

39,500

36,400

32,700

29.5

31

31

') :'
LU

25.5

Dash (-) indicates not applicable.
~

~Total elutriate volume.



anoxic tests. The concentration afterm~xJ..ng was 1.9 mg/l

and after settling was 1.7mgll. The specific conductance

and salinity decreased toa great~r 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 5 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. ffi 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
35

ported by Crecelius 'et' ·al. However, the metal concentrations,
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Table 390

Total Heavy Metal Composition: Ouwamish River Sediment Samples

(mg/kg)

---
Sampling lin Cd Cr Zn Hi Pb Cu Fe Us ~Location X SD X SO X SD X SO X SD X SO X SD X SO X SO X SO

Site 1 ll93 57 <0.5 - 11.2 1.8 68.6 1.6 15.0 0 13.0 1.7 22.5 2.8 16,581 4.. 0.058 O.OOlf 1.8 0
Site 2 572 10 <0.5 - 18.q 0.7 73.6 1.9 15.0 3.5 17.7 8.3 42.0 2.1 16,079 88 0.085 0.007 1.7 0
Sit8 3 558 511 <0.5 - 15.3 2.0 71. 9 6.2 17.5 0 27.1 1.7 42.8 6.0 15,892 220 0.050 0.007 1.3 0

Mean ilnd standard deviation calculated from duplicate analyses.

Dash (-) indicates not determined.



particularly the mercury levels, in these Duwamish River sedi

ments were significantly lower than those found at the mouth

Q;I; the. D~l(VamishRiver, 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 ~g/l in

the initial site water to 5,770 ~g/l in anoxic elutriate A,

and 10,400 ~g/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

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 ~g/l to

13,910 and 14,050 ~g/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 elutri~te. Zinc, and

to a lesser degree, manganese were apparently sorbed in the

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 ~g/l. Only

slight release of manganese was observed under oxic con

ditions. Reducing conditions showed sorption of zinc. The

table also shows that for this sediment, results of the
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Table 391

Soluble Heavy Metal Concentrations: Duwamish River Site 1 Elutriate Tests

(\lg/l)

Mn Cd ~r. Zn Ni Ph ell Fe Hg --As.____
Sampling X SO X SO 5( SO 5( SO X SD X SO X SD X SD X SD X SD" Location
I
Site Water 143 16 1:8 0.1 .:;2 - 20.9 1.0 6.6 0.3 1.5 0 4.5 0.6 12 "L 0.055 0.028 <2

5% Oxic A 244 18 LO 0 <2 - 21. 3 0.5 3.6 0 1.0 0 2.4 0 14 3 0.020 0 <2
00
en B 141 18 Ll 0.1 <;2 - 9.2 0.7 3.7 0.1 1.2 0.2 2.0 0.3 17 6 0.060 0 <2
W

20% Oxic A 52 36 1.1 0 <;2 - 14.3 0 6.5 0.5 0.7 0.2 L8 0 97 0 0.020 0 <2

B 116 54 1.1 0.1 <2 - 11.5 0.4 7.5 2.7 0.9 0.1 2.7 0 54 0 0.060 0 <2

20% Anoxic A 77 0 0.9 0.1 <2 - 4.0 - 5.5 0.4 0.8 0 2.1 0.6 10,400 - 0.020 0 <2

B 26 0 0.9 0 <2 - 3.8 1.0 5.8 0.1 1.0 0 3.2 0.4 5,770 - 0.020 0 <2

A and B are replicates.

Mean and standard deviation calculated from duplicate analyses.

Dash (-) indicates not dete~ined.



Table ~92

Soluble Heavy Metal Concentrations: Duwamish River Site 2 Elutriate Tests

(llg/l)

Sample
Mn Cd __9E:..- Zn Ni Pb ell Fe Hg ~--

Designat ion X SD X SD ~ SD ~ SD ~ SD ~ SD X SD X SD X SD ~ SD
--

Site Water 143 16 1.8 0.1 <2 - 20.9 1.0 6.6 0.3 1.5 0 4.5 0.6 12 2 0.055 0.028 <2

5% Oxic A 131 0 0.9 0 <2 - 15.4 4.5 5.1 0.5 0.9 0.2 1.8 0.3 52 2 0.090 0 <2
(X) B 131 0 0.9 0 <2 -:" 13.9 0.5 5.4 0 2.3 0 1.8 0.1 18 2 0.055 0.028 <2
(Jl

+" 20% Oxic A 251 28 1.8 0 <2 - 18.4 0.4 8.1 0.2 2.9 0 1.9 0.1 489 If 0.095 0.007 <2

B 211 28 1.1 0 <2 - 15.0 1.3 7.9 0 2.2 0.2 2.1 0 606 13 0.055 0.020 <2

20% kloxic A 100 14 0.9 0.1 <2 - 1.7 0.4 7.3 0 1.5 0.2 2.2 0 13,910 - 0.055 0.020 <2

B 111 29 1.0 0.1 <2 - 1.5 0.2 7.3 0 1.5 0.2 2.5 0 14,0~0 - 0.068 0.011 2

A and B are replicates.

Mean and standard deviation calculated from duplicate analyses.

Dash (-) indicates not determined.



Table 39J

Soluble Heavy Metal Concentrations: Duwamish River Site 3

Elutriate Tests and Plop Test

(j.lg/l)

Sample Mn Cd Cr. Zn Ni Ph ClI Fe Hg --.As._ .. __

Designation X SD X SD ~ SD ~ SD X SD X SD X SD X SD X SD X SD

Site Water 143 16 1.8 0.1 < 2 - 20.9 1.0 6.6 0.3 1.5 0 4.5 0.6 12 2 0.055 0.028 <2

5% Oxic 151 28 0.9 0 < 2 - 11.4 • 3.7 5.4 0.4 2~0 0~5 2.3 0.1 55 3 0.015 - <2
ex>
C11 20% Oxic 191 0 0.9 0 < 2 - 13.3 2.6 7.3 0 2.2 0.2 2.0 0.1 1165 21 0.020 0 <2
C11

20% Anoxic 90 0 < 0.5 - < 2 - 1.6 0 5.6 0.2 1.3 0 1.9 0.2 22,660 - 0.068 0.011 <2

Plop Test 205 a 1.6 0.2 < 2 - 9.0 3.0 8.3 0.2 2.2 0.1 3.7 2.0 1300 - 0.028 0.004 <:2

Mean and standard deviation calculated from duplicate analyses.

Dash (-) indicates not determined.



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

Vg/l) than in the two oxic elutriate tests (151 and 191 pg/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.

Nitrogen Compounds

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, 1971

for open water disposal of dredged material~6.. 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 395.

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 elutriates 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.

Nitrogen data for Site 2 elutriate tests appea~ in

Table 39·6. Examination of the table reveals that ammonium'
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Table 394

Organic Nitrogen and Ammonium Concentrations:

Duwamish River Sediment Samples

(mg Nlkg)

Sampling Total Kjeldahl Organic N Ammonium

Location Nitrogen

X SD X SD X SD

Site 1 301 45 268 54 33 9

Site 2 1162 57 1031 72 131 15

Site 3 1493 5 1403 35 90 30

Mean and standard deviation calculated from duplicate analyses.

Table395

Nitrogen Compound Concentrations: Duwamish River

Site 1 Elutriate Tests

(mg Nil)

Sample Organic N Ammoni.um Nitrate

Designation X SD X SD X SD

Site Water 0.17 0.03 < 0.05 'VO 0.39 0.01

5% Oxic A 0.53 0.09 0.50 0.01 0.46 0.01

B 0.18 0.15 0.68 0.01 0.37 0.02

20% Oxic A 1.58 0.14 2.70 0.03 0.37 0.01

B 1.22 0 .. 23 1.90 0.06 0.41 0.01

20% Anoxic A 2.40 0.14 2.38 0.06 0.36 0.01

B 2.56 0.22 2.26 0.06 0.33 0.01

A and B are replicates.

Mean and st andar-d deviation calculated from duplicate analyses.
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Table 396:

Nitrogen Compound Concentrations:

Duwamish River Site 2 Elutriate Tests

(mg Nil)

Sample 'Or'g'a'n'ic N AmmonLum Nitrate

Designation X SD X SD X SD

Site Water 0.17 0.03 < 0.05 'VO 0.39 0.01

5% Oxic A 1.86 0.06 1.54 0 0.33 0.01

B 0.20 0.13 1.54 0.01 0.37 0.01

20% Oxic A 1.26 0.32 5.74 0.15 0.33 0.01

B 2.92 0.56 5.82 0.08 0.31 0.01

20% Anoxic A 3.71 0.25 4.15 0.11 0.32 0.01

B 1.02 0.19 3.92 0.11 0.34 0.01

A and B are 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 397

Nitrogen Compound Concentrations: Duwamish River

Site 3 Elutriate Tests and-Plop Test

(mg Nil)

Sample

Designation

Organic N

X SD

Ammonium

X SD

Nitrate

X SD

Site Water
Elutriate Tests:

0.17 0.03 < 0.05 ~ 0 0.39 0.01

5% Oxic

20% Oxic

20% Anoxic

Plop Test

0.36

1.96

3.19

0.38

0.15 1.38 0.01 0.42 0.01

0.16 3.80 0.05 0.36 0.01

0.33 3.77 0.10 0.48 0.03

0.01 0.86 0.01 0.45 0.02

Mean and standard deviations calculated from duplicate analyses,

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 (fbund 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

X'eleasewas 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

centageelutriate.

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 siteo

An apparent iron precipitate formed in the samples

between the time the anoxic elutriates were filtered and the

soluole 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 totai P equId not be determined. Therefore,

the reported soluble ortho P concentrations for these anoxic

elutriates are probably low.

Three sets of duplicate elutriate tests were run on

sediment from Duwamish Site 1. In each case, one replicate

showed an increase in soluble orthophosphate and the other

showed a decrease (Table a9~). 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 the site water was the same in the replicates.

Both the 20 percent oxic and 20 percent anoxic elutriates
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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

2 828 29

3 925 21

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

Table 399

Soluble Orthophosphate Concentrations: Duwamish River Site 1

Oxic and Anoxic Elutriate Tests

(rng P/1)

Sample Soluble Ortho P Total Phosphorus

Designation X SD X SD

Site Water 0.079 0.001 0.11 0.005

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

B1~ 0.042 0.001

A and B are replicates.
Dash (-) indicates notapp~icable.

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/I)

Sample Soluble Ortho P Total Phosphorus

Designation X SD X SD

Site Water 0.079 0.001 0.11 0.005

5% Oxic A 0.072 0.001

B 0.039 0

20% Oxic A 0.11 0.002

B 0.40 0

20% Anoxic A~': 0.23 0.001

B~'~ 0.42 0.003

A and B are replicates.
Mean and standard deviation calculated
of one sample.

Dash (-) indicates not applicable".

*Samples refiltered prior to analysis
material.

from triplicate analyses

to remove suspended

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 elutri~tes, some soluble ortho P was probably

removed with the precipitate during the refiltration of the

anoxic elutriates. Only in the 5 percent oxic elutriates,

which had the highest final D.O. concentI"lations (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 pI"lesented in Table 401. Only

the anoxic tests (which had been r-ef i.Lter-ed ) showed an in

crease m soluble or-tho P r-e suLt i.ng 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

(rng P/1)

Sample Designation Soluble Ortho P

X SD

Site Water 0.079 0.001

Elutriate Tests:

5% Oxic 0.032 0.002

20% Oxic 0.020 0.001

20% Anoxic ~t~ 0.41 0.003

Plop Test (12 0.030 0.001

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.O. content of the elutriate after settling.

The 5 and 20 percent elutriates had D.O. concentrations of

4",8 and 3,,6 :rn.g/l, respectively, whereas the anoxic elutriates

had less than 0.5 mg/l D.O. Although the plop test solution

contained only 1.7 mg/l D.O., its soluble ortho P concentra

tion was about the same as that of the 5 percent oxic

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 decreaseQ 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 DuwamishRiver Site 2. The samples were

analyzed for selected chlorinated hydrocarbons, total organic

carbo~and oil and grease. Figure lioA 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 ~g/kg), pp'DDE (4.5 ~g/kg),

PCBs (406 ~g/kg),and heptachlor (1.8 ~g/kg) were detected.

The oil 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/l) were detected in the site water. Release of pptDDE

(2.8 ng/l), 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 l(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 X R Sediment "Jater Elutriatenun r

1 29 0.46 I I I
2 33 0.52 I I I
3 37 0.57 I I I
4 40 0.63 I I I
5 45 0.71 I I I
6 48 0.76 I I I
7 Heptachlor 51 0.81 II II II
8 57 0.90 I I I
9 64 1.02 I I I

10 69 1.10 I I I
11 75 1.19 I I I
12 85 1.35 .; I
13 Heptachlor 91 1.44 I I

Epoxide

14 98 1.56 I I

15 110 1.75 I I I

16 pp'DDE 121 1.92 II II II

17 128 2.03 I I I

18 Dieldrin 138 2.19 I I I

19 148 2.35 I
20 154 2.44 I I

21 176 2.79 I I

22 192 3 .. 05 I
23 pp'DDT 213 3.38 II I

24 236 3.75 .;
25 256 4.06 I

(Continued)
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Table 402 (Concluded)

Peak Organic

Number Compound X R Sediment Water E1utriate
rom r

26 278 4 .. 41 I.
27 298 4.73 1 1 .;
28 332 5 .. 27 1
29 335 5.32 .;
30 404 6 .. 41 1
31 440 6.98 .;
32 544 8.63 I

.; = Compound was indicated on one column.

II = Compound was indiaated 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 ~g/kg PCBs and 1.7 percent TOC. In the

sediment~associatedwater, the PCB concentration was 175 ng/l

and TOC was 90 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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Table 403

Data fo!" Organic Compounds and Related Parameters:

Duwamish River Site 2 Elutriate Test

Sediment Water Elutriate
Parameter

Chlorinated Hydrocarbons: (llg/kg) (ng/l) (ng/l)

Aldrin < 0.4 < a. 6 < O. 6

op'DDT < 1.6 < 3.0 < 3. a
pp'DDT 25.9 < 3 . a < 3. a
op'DDD < 2 . a < 2.0 < 2. a
pp'DDD < 2 . a < 2 . a < 2 . a
OP'DDE < 1.4 < 2. a < 2 . a
PP'DDE 4.5 < 2.0 2. 8

Dieldrin < a. 8 < 1.2 < 1.2

Endosulfan I < a. 9 < 1.2 < 1.2

Endosulfan II < 3.4 < 4.4 < 4.4

Endrin < 1.2 < 1.6 < 1.6

Heptachlor 1.8 2.8 4.0

Lindane < a. 2 < a. 3 < O. 3

PCBs 406 11.5 33.4

Other Organic Compounds

Oil and Grease

TOC

Total Inorganic Carbon

702 mg/kg

3.6%

0.2%

868

(mg/l)

< 0.5

NT

NT

(mg/l)

< 0.5

25.7

10.5



Table 404

Data for Selected Organic Compounds:

Duwamish River Slip 1

Sediment-Associated Surface
Parameter Sediment Wa.ter Water

(mg/l)~': (mg/l) 1:

PCBs 3222 llg/kg 175 70

Oil and Grease NT < 0.5 < 0.5

Total Organic
Carbon 1.7% 90 60.3

Total Inorganic
Carbon 0.1% 54.0 22.5

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

Bioassays

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 4

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.O. 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 405

Chemical and Physical Characteris~ics: Duwamish River Site 3

E1 utr iat e Bi oa s s ays ~':

Sample D.O. Spec., Condo Total Unionized Turbidity Salinity
Designation pH (mg/l @' 21UC) (umhos/cm Arrunonium Ammonia oJ: ~': a

@ 21° C) (mg Nil) (mg Nil) (NTU) ( 100)

Control A 8.1 7 . 0 40,210 0.14 < 0.01 0.4 29.0

B 8.1 7 . 0 4-0,210 0.12 < 0.01 o. 5 29.0

5% A 7 . 3 4. 3 39,510 1.65 < 0.01 7 1+ 28.5
co
'-J
0 B 7 . 0 3. 8 39,910 1.42 < 0.01 68 ·28.7

20% A 7 . 0 2 . 0 39.210 5.29 0.02 78 28.2

B 7 . 2 1.1 39,310 4.41 0.02 84- 28.3

A and B are replicates.

*Measurements taken at the end of the one-hour settling period.

**For all bioassay elutriates, unionized ammonia calculated from Skarheim fs 9

tables for fractions of ammonia in undissociated form.



Table 406

Total Ammonium Content: Duwamish River Site 3 Elutriate

Bioassays at Completion of 96-Hour Test Period

Control A 8.1

B 7.2

B 7.0

B 8.1

Total Unionized' .
Ammonium Ammonia
(nig Nil) (mg Nil)

0.10 < 0.01

0.10 < 0.01

2.14 < 0.01

2.17 < 0.01

5.84 0.02

5.23 0.02

pH

7.0

7.3

A

A5%

20%

Sample
Designation

A and B are replicates.

Table 407

Dissolved Oxygen Concentrations: Duwamish River Site 3

Sediment Elutriate Bioassays over Test Period

(mg/l @ 2Q-21oC)

Time Control 5% 20%

(hr) A B A B A B

0 7.0 7.0 4.3 3.8 2.0 1.1

1* 7.1 7.2 6.3 6.0 6.0 5.9

24 6.2 6.5 3 . 9 3.9 3 . 5 3.4

48 5.8 6.1 3.9 3.8 3 . 2 3.2

72 5.7 6. 0 3.7 3.7 3.2 2.8

96 5.4 5.6 3.6 3.7 3.0 2.7

A and B are replicates.
~tt:

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 ~g/l in the 5 percent tests to over

6900 ~g/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 5

percent sediment tests and released in the 20 percent tests.

A t~n-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. Each 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.
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Table 4G8

Release of Heavy Metals: Duwamish'River'Site 3

Sediment Elutriate Bioassays

(llg/l)

Sample
Designation Mn Cd Cr Zn Ni Pb eu Fe Hg

Control A 49 3.1 <2.0 76 11.9 47.8 13.3 11 0.060

B 29 3 .3 <2.0 141 13.9 49.3 14.8 13 0.060

5 percent A 2430 33.8 <2.0 94 15.1 12.9 21.3 8506. <0.001

co B 2177 2 .6 <2.0 82 14.7 12.9 19.8 9772 <0.001
-.J
co

20 percent A 6962 6.1 <2.0 188 21.5. 33.6 71.6 22177 0.096

B 6354 6.1 <2.0 106 13.9 14.0 34.3 23038 0.128

A and B are replicates.



Table 409

Response of P. pugio to Varying Sediment Percent of

Total E1utriate Volume as a Function of Time:

Duwamish River Site ~ Sedimenu Elutriates

Time Number of P. pugio Living at Varying Sediment Percentages
Controls 5% 20%

(hr ) A B A B A B

0 10 10 10 10 10 10

12 10 10 9 10 10 10

24- 10 10 9 10 10 10

ex:> 36 10 10 9 10 10 10......:J
+'

48 10 10 9 10 10 10

60 10 10 9 10 10 10

72 10 10 9 10 10 10

84- 10 10 9 10 10 10

96 10 10 9 10 10 10

-
A and B are replicates



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 em/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°. In 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 em/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
(hr:min:sec) (fn) (0 magnetic) (ern/sec)

9:51:00 3 270 0.05-0.075

9 :53 :30 8 50-270 0.1

9:56:00 13 310-325 0.12

9:57:30 13 80 0.10

9:58:00 18 245-260 0.10

10:00:00 23 275-280 0.175

10:02:00 28' 10-25 0.15

10:03:00 33 350-25 0.10

10:05:00 38 360-35 0.15

10:06:00 43 80-90 0.11

10:07:30 48 360-10 0.10

10:08:15 53 325-360 0.10

10:09:15 53 40-65 0.075

10:10:00 58 310-315 0.05

10:11:30 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 em 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
(hr:min:sec)

10:20:30

10:21:00

10:22:00

10:22:15

10:23:45

10:24:15

10:24:45

10:27:45

10:28:45

10:29:15

10:29:30

10:30:30

*Speed was 0.075-0.1 em/sec.

Direct ion ~':

(0 magnetic)

55-75

80-95

300-315

90-95

310-315

315

270-315

5-315

80

315

60

360

meters. The data showed little fluctuation at 3 meters

five minutes after the dump.

Data were collected with ~wo transmissometers

during Elliott Bay Dumps Nos 1 and 2. During the first

operation, transmission at depths of 5 and 60 meters (bottom)

was monitored. The data collected at 5 meters are presented

in Figure 123. The general trend was for a decrease in

transmission to come just after disposal, followed by a re

turn to ambient conditions. This generally occurred except

that between 15:10 and 15:20, the transmission was apparently

much lower. This is 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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PERCENT TRANSMISSION
Figure 121

Percent Transmission Profile: Pre-Disposal
Elliott Bay - 9:30
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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.O. 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 11:44 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

7.00C near the surface to 8.50C at 60 meters. Dissolved

oxygen concentrations ranged from 14.4 mg/l near the surface

to 9.8 mg/l at 60 meters. Figure 127 shows the D.O. pro

files of the water column before and after disposal. There

was a small increase in temperature and decrease in D.O.
oThe temperature ranged from 8.0 to 8.5 C, and the D.O.

ranged from 10.4 to 9.7 mg/l. The decrease in D.O.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.O. 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-
omenced at 14:06. The temperature ranged from 8.0 to 8.5 C,

while D.O. 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.O. reading. The D.O. 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.O. were continuously monitored

at a depth of 60 meters. Table 414 shows that the temperature

remained at 8.00C. 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/l O2,
Post-disposal D.O. changes were so slight that one cannot

attribute them to the disposal.
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Table 4-12

. Pre... and Pos.t-DisEosal .. WaTer. Column Measurements:

Elliutt Bay Un1p.onitored~'e Disposal Operation

Time Depth Temp D.O.

(hr:min) (m) (oC) (mg/l)

11:25:00 5 7.0 14-.4-

11:30:00 10 8.0 11.4-

11:32:00 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-

11:37:00 35 8.0 10.4-

11:37:00 4-0 8.0 10.3

11:39:00 4-5 8.0 10.1

11:4-1:00 50 8 . 5 10.2

11:4-2:00 55 8 . 5 10.0

11:4-3:00 60 8.5 9.8

Unmonitored Dump Occurred

13:15:00 1 8. 0 10.4-

13:17:00 5 8.5 10.2

13:18:00 10 8.0 10.4-

13:19:00 15 8.0 10.4-

13:19:30 20 8.0 10.2

13:20:00 25 8.0 10.2

13:21:00 30 8.0 10.1

13:21:30 35 8.0 10.0

13:22:00 4-0 8.0 9.9

13:22:00 4-5 8. 0 9.9

13:23:00 50 8.5 9.8

13:24:00 55 8.5 9.8

13:24:00 60 8 . 5 9.7

~': eire urnst ance 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

Time Depth Temp D.O. Salinity

(hr.min) (m) (oe) (mg/I) Co/DO)

14:06 1 8.0 10.7 23.0

5 8.0 10.0 25.5

10 8.0 10.0 25.5

15 8.0 9.8 25.5

20 8. 0 9. 8 25.5

25 8.0 9.7 25.7

30 8.0 9.6 25.8

35 8.0 g.6 25.9

40 8. 0 9.4 26.0

43 8.0 9.3 26.0

45 8. 0 9.5

50 8. 5 9.4

55 8.5 9.3

60 8.0 9.2

14:36 - Dump Occurred

15:20 1 8.5 9.3

5 8.5 9.2

10 8.5 9.2

15 8.5 9.2

20 8.5 9. 3

25 8.5 9.2

30 8.5 9. 2

35 8.5 9.1

40 8. 5 9.0

45 8.5 8. 9

50 8.0 8.8

55 8.0 8. 7

60 8.0 8.7

Dash ( -) indicates data not available.
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Table 414

Changes In Dissolved'Oxygen and Temperature at 60 Meters:

Elliott Bay Dump No.1

Time Temp D.O. Time Temp D.O.
(hr:min: (oC) (mg/l) (hr:min: (oC) (mg/l)
sec) sec)

14:28:00 8 . 0 9.2 14:42:00 8.0 8.9

14:29:00 8 . 0 9.0 14:42:30 8.0 8.9

14:31:00 8. 0 9.1 14:43:00 8.0 8 . 9

14:32:00 8 . 0 9.1 14:43:30 8.0 8.9

14:33:00 8. 0 9.1 14:44:00 8,0 8.9

14:34:00 8 . 0 9.1 14:44:30 8.0 8.9

14:35:00 8. 0 9.1 14:45:00 8. 0 8.9

14:36:00 8.0 9.1 14:46:00 8.0 8.9

14:36:30 - Dump No. IA
14:37:00 8. 0 9.1 14:47:00 8.0 8 . 9

14:37:30 8.0 8,9 14:48:00 8.0 8.9

14:38:00 8. 0 8. 9, 14:49:00 8.0 8.9

14:38:30 8.0 9.0 14:50:00 8.0 8.9

14:39:00 8.0 9.0 14:51:00 8.0 8.9

14:39:30 - Dump No. 1B

14:39:30 8.0 8.9 14:55:00 8.0 8.7

14:40:00 8.0 9.0 15:00:00 8.0 8.8

14:40:30 8. 0 8.9 15:10:00 8.0 8.7

14:41:30 8.0 9.0
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Pre- and 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 S.OoC 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 0C. 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/l) decrease in oxygen concentration. Consider

ing the high initial D.O. levels, the decrease is not sig

nigicant to water quality. Figure 131 presents changes in

D.O. 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 I and 30 m. Pre-disposal manganese concentra

tions were consistently below 100 ~g/l. The cadmium and

copper concentrations, which varied little, were never above

4 ~g/l; nickel and lead concentrations were consistently

below 7 ~g/l. Zinc levels fluctuated somewhat, ranging from

2.9 to 12.9 ~g/l. Mercury levels were below detection limits

<0.005 ~g/l) for most samples, although concentrations as

high as 0.04 ~g/l were found.

The first dump (IA) occurred at 14:36:30 and the

second dump (lB) occurred at 14:39:30. Samples collected

during this disposal operation (Elliott Bay Dumps lA and IB)

showed no changes in the concentrations of chromium, cadmium,

nickel, lead, copper, and arsenic. Soluble iron increased
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Table 43,5

Pre- and Post-Disposal Water Column Measurements:

Elliott Bay Dump No.2

Depth Pre-Disposal (16:50) Post-Disposal (17:30)

(m) Temp D.O. Temp D.O.
(OC) (mg/l) (OC) (mg/I)

1 8.0 10.2 8.0 9.1

5 8.0 9.9 8 . 5 9 . 0

10 8.0 9.8 8 . 5 9.2

15 8.0 9.6 8. 5 9.2

20 8.0 9 . 6 8.5 9.1

25 8.0 9.5 8 . 5 9.0

30 8.0 9.5 8.5 8.9

35 8. 0 9.4- 8.0 8 . 9

40 8.0 9.3 8 . 5 8.9

45 8 . 0 9.3 8.0 8.8

50 8.0 9. 2 8.0 8 . 8

55 8. 0 9.2 8.5 8 . 8

60 8.0 9.0 8 . 0 8. 8

as a· result of disposal; concentrations as high as 328 ~g/l

were observed at 1 meter and as high as 438 and 911 ~g/l at

30 and 60 meters, respectively. The release of manganese

was also indicated, with concentrations in the water column

increasing 20 to 40 ~g/l (to near 100 ~/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 lA and

lB. Higher levels did not persist in the sampling area for
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Table 416

Soluble Heavy Metal Concentrations: Elliott Bay Disposal Operations,

Material Dredged from Duwamish River

(llg!l)

Time Depth Mn Cd Cr Zn Ni Pb Cu Fe Hg As
(hr:min:sec) (rn )

13:07:30 1 53 1.8 < 2 12.4 5.9 3.8 2.1 22 < 0.005 < 2
13:08:00 30 46 1.9 < 2 7.8 6.2 4.5 2.4 31 < 0.005 < 2
13:08:30 60 61 1.4 < 2 6.9 5.9 3.8 1.5 136 < 0.005 < 2
13:54:00 1 68 1.6 < 2 12.9 5.6 2.6 2.1 13 < 0.005 < 2
13:55:00 30 61 1.8 < 2 7 . 3 6.2 3.8 2.0 40 < 0.005 < 2
13:55:50 60 53 1.8 < 2 7.3 6.5 3.3 1.7 24 < 0.005 < 2

00
<.0 14:06:00 1 53 1.9 < 2 10.7 5.6 3. 3 2.0 131 < 0.005 < 2en

14:07:00 30 46 1.5 < 2 10.2 5.6 3.0 1.6 20 < 0.005 < 2
14:07:45 60 53 1.7 < 2 8.0 5.9 2.8 2.0 133 < 0.005 < 2
14:20:30 1 53 1.7 < 2 8.4 5.6 2.8 2.1 13 < 0.005 < 2
14:21:00 30 61 1.9 < 2 6.9 5.9 3.8 1.7 62 < O. 005 < 2
14:21:30 60 61 1.8 < 2 5.6 5.0 2. 8 1.2 18 < 0.005 < 2
14:25:00 1 53 1.8 < 2 9.1 5.9 3. 5 2.2 22 < 0.005 < 2
14:25:30 30 84 1.3 < 2 5.2 3.8 1.4 1.9 13 0.040 < 2
14:25:50 60 36 1.0 < 2 6.6 4.1 1.5 2.6 237 0.020 < 2
14:30:00 1 84 0.9 < 2 7.5 2.4 1.4 3. 3 18 0.020 < 2
14:30:30 30 36 1.0 < 2 5.6 3.8 1.2 2 . 0 14 0.020 < 2
14:31:00 60 36 0.8 < 2 6.8 3.4 2.0 2.2 25 0.020 < 2

(Continued)



Table 416 (Continued)

Time Depth Mn Cd Cr Zn Ni Pb Cu Fe Hg As
(hr:min:sec) (m )

14:34:30 1 84 1.0 < 2 7.0 2.8 1.2 3.2 14 0.020 < 2

14:35:00 30 36 0.5 < 2 5.6 2.6 1.5 3.0 16 0.020 < 2

14:35:15 60 52 0.9 < 2 4.9 3. 8 2.3 2.1 22 0.020 < 2

14:36:00 1 52 0.9 < 2 2.9 4.3 2.0 3.4 13 0.020 < 2

14:36:30 30 36 0.8 < 2 5.2 3.2 1.5 2.4 14 0.165 < 2

14:36:30 - Dump lA occurred

ex> 14:36:45 60 68 0.9 < 2 6.9 4.1 1.8 2.1 131 0.020 < 2
cD
o..,J 14:37:15 1 68 1.1 < 2 7.6 3.4 1.2 2.5 21 0.020 < 2

14:37:30 30 36 1.0 < 2 6.0 2.8 . < 1 2.9 . 12 0.165 < 2

14:37:45 60 68 0.7 < 2 6.6 3.0 1.8 2.8 30 0.165 < 2

14:38:15 1 36 0.9 < 2 5.4 4.1 2.4 2.2 214 0.020 < 2

14:38:30 30 68 0.9 < 2 5.7 3.8 1.4 1.9 107 0.090 < 2

14:38:45 60 52 1.0 < 2 6.6 3.9 1.5 2.5 228 0.020 < 2

14:39:30 1 52 0.9 < 2 8.0 3.9 1.7 2.5 328 0.020 < 2

14:39:45
14:39.:30 - Dump 180ccllrred

30 84 O. 9 < 2 ·7 ..0 4,.1 1~8 2.6 202 0.020 < 2

(Continued)



Table 416 (Continued)

Time J?epth Mn Cd Cr Zn Ni Pb Cu Fe Hg As
(hr:min:sec) (rn)

14:40:00 60 19 0.7 < 2 5.9 3. 8 1.4 2.0 488 < 0.005 < 2

14:40:15 1 63 1.4 < 2 8.8 5.0 2.0 2.5 170 < 0.005 < 2

14:40:40 30 75 1.3 < 2 8.3 3.8 1.5 1.9 97 < 0.005 < 2

14:41:00 60 38 1.5 < 2 8.5 4.3 1.8 2.2 551 < 0.005 < 2

14:41:15 1 63 1.8 < 2 13.0 4. a 1.8 2.2 72 < 0.005 < 2

14:41:30 30 75 1.7 < 2 6 .8 4.5 1.5 2. a 338 < 0.005 < 2

14:41:45 60 75 1.7 < 2 9.5 3. 8 2. a 2.3 443 < 0.005 < 2
CD 14:42:30 1 63 1.7 < 2 8.3 4.8 1.5 2.2 44 < 0.005 < 2
to
CD 14:42:45 60 50 1.4 < 2 8.5 6.1 1.5 1.9 172 < 0.005 < 2

14:43:00 30 38 1.5 < 2 6.8 5.0 1.3 2. a 17 < 0.005 < 2

14:43:45 30 100 2.4 < 2 7 . a 5. 3 1.8 2.5 67 < 0.005 < 2

14:44:00 60 38 2.0 < 2 10.9 6. 3 2.0 5.7 911 < 0.005 < 2

14:44:15 30 88 1.4 < 2 8 . 2 3.0 1.5 1.9 76 < 0.005 < 2

14:44:45 60 88 1.3 < 2 7.5 5.0 1.5 2.2 681 < 0.005 < 2

14:45:05 30 50 1.4 < 2 13.7 5.6 1.3 2.3 72 < 0.005 < 2

14:45:20 60 88 1.4 < 2 6.3 5.3 2.0 1.6 76 < 0.005 < 2

14:45:40 30 88 1.4 < 2 7.8 4.3 2.3 2.0 322 < 0.005 < 2

14:46:00 60 100 1.7 < 2 8.2 5.0 1.8 1.9 90 < 0.005 < 2

(Continued)



Table 416 ( Continued)

Time Depth Mn Cd Cr Zn Ni Pb Cu Fe Hg As
(hr:min:sec) (rn )

14:46:20 30 75 1.5 < 2 20.9 5.3 1.8 2.7 438 < 0.005 < 2

14:46:30 60 75 1.3 < 2 7.8 3.8 1.3 1.5 51 < O. 005 < 2

14:47:00 30 63 1.4 < 2 7.2 5.0 1.8 2.5 360 < 0.005 < 2

14:47:15 60 52 1.6 < 2 8.0 5.0 2.1 2.1 140 0.065 < 2

14:47:30 30 52 1.7 < 2 5.6 5.0 2 .6 3.8 53 0.055 < 2

14:48:00 60 52 1.7 < 2 4.2 5.0 2.1 2.6 45 0.085 < 2

14:48:30 1 68 1.7 < 2 7.1 5.3 2.6 2.1 37 0.075 < 2
ex> 14:48:50 30 68 1.5 < 2 6. 7 4.5 2.4 1.8 29 0.065 < 2
<.0
<.0 14:49:05 60 36 1.5 < 2 17.8 4.8 2.1 2.0 71 0.065 < 2

14:50:00 1 19 1.7 < 2 6.6 4.8 2.4 1.8 10 0.075 < 2

14:50:30 30 68 1.5 < 2 5.0 4.5 2.3 2.2 25 0.030 < 2

14:50:45 60 52 1.4 < 2 10.3 5.6 2.4 2.2 42 0.055 < 2

14:55:00 1 68 1.6 < 2 11.4 4.5 2.1 1.9 36 0.055 < 2

14:55:20 30 19 1.5 < 2 6.0 4.5 1.7 2.3 7 0.030 < 2

14:55:45 60 52 1.4 < 2 4.1 5.0 1.5 1.7 42 0.030 < 2

15:00:00 1 68 1.8 < 2 11.8 5.0 2.1 2.2 26 0.055 <.2

15:00:20 30 36 1.7 < 2 6.4 4.8 1.7 2.5 24 0.030 < 2

15:00:40 60 36 1.4 < 2 5.7 4.3 2.4 2.4 51 0.030 < 2

(Continued)



Table 416 (Continued)

Time Depth Mn Cd Cr Zn Ni Pb Cu Fe Hg As
(hr:min:sec) (m)

15:14:45 1 19 1.7 < 2 6.0 5.0 1.9 2.0 79 0.020 < 2

15:51:15 30 52 1.6 < 2 14.9 5.0 2.6 2.3 11 0.005 < 2

15:15:30 60 52 1.5 < 2 9.1 5.6 2.4 2.8 89 0.110 < 2

15:30:00 1 38 1.7 < 2 10.0 5.9 2.8 2.2 42 < 0.005 < 2

15:30:15 30 68 1.6 < 2 7.1 5.9 3.0 1.6 16 < 0.005 < 2

15:30:50 60 68 1.7 < 2 7.6 5.0 2.8 1.3 20 < 0.005 < 2

15:50:20 60 61 1.5 < 2 6.2 5.3 3.0 1.3 29 < 0.005 < 2
<.0
0 16:02:00 1 53 1.6 < 2 7.4 6.5 3.8 1.9 16 < 0.005 < 2
0

16:02:45 30 46 1.6 < 2 7.1 5.3 3.3 1.9 40 < 0.005 < 2

16:03:15 60 61 1.8 < 2 6.0 6.5 3.5 1.6 58 < 0.005 < 2

16:15:30 1 36 1.7 < 2 7.1 5. 3 1.9 2.7 26 0.055 < 2

16:16:45 30 27 1.8 < 2 5.2 4.8 1.7 2.2 9 < 0.005 < 2

16:18:30 60 27 1.8 < 2 4.9 5.3 1.7 2.2 11 0.040 < 2

16:30:00 60 37 2.0 < 2 5.3 5.5 2.0 2.6 25 < 0.005 < 2

16:35:45 1 27 1.8 < 2 9.4 5 . 3 1.7 3.4 94 < 0.005 < 2

16:36:15 30 48 1.7 < 2 6.3 5.8 2.0 1.4 7 < 0.005 < 2

16:36:40 60 48 1.9 < 2 5.7 5.1 2.0 2.2 15 < 0.005 < 2

16:40:00 1 48 1.7 < 2 11.5 5.1 2.0 1.7 11 < O. 005 < 2

(Continued)



Table 416 (Continued)

Time Depth Mn Cd Cr Zn Ni Pb Cu Fe Hg As
(hr:min:sec) (m)

16:40:15 30 37 1.9 < 2 6.3 6. 3 2.6 2.1 47 < 0.005 < 2

16:40:30 60 37 1.7 < 2 7.9 6.0 2.0 1.9 11 < 0.005 < 2

16:44:45 1 27 1.7 < 2 7.0 5.1 1.4 1.9 71 < 0.005 < 2

16:45:00 30 37 2.0 < 2 5.5 5.5 2 .0 2 .9 9 < 0.005 < 2

16:45:15 60 58 1.9 < 2 5.5 6.3 2.0 1.9 11 < 0.005 < 2

16:45:45 1 27 1.8 < 2 5.8 4.8 2.9 2.6 17 < 0.005 < 2

<.0 16:46:00 30 41 1.4 < 2 4.0 4.1 1.4 1.9 11 < 0.005 < 2
0
J---l 16:46:20 60 29 1.5 < 2 12.8 4.4 2.1 2.8 20 < 0.005 < 2

16:46:45 1 29 1.5 < 2 4.4 5.0 1.4 1.6 61 < 0.005 < 2

16:47:00 30 17 1.4 < 2 5.1 4.4 2.1 2.2 39 < 0.005 < 2

16:47:10 60 29 1.3 < 2 3. 3 4.4 2.1 2.1 13 < 0.005 < 2

16:47:40 1 17 1.4 < 2 8.1 6.9 2.1 2 . 7 16 < 0.005 < 2

16:47:55 30 17 1.7 < 2 4.7 3.9 1.1 2.7 17 < 0.005 < 2

16:47:55 - Dump 2A occurred

16:48:15 60 29 1.5 < 2 3.8 4.6 1.8 2.4 12 < O. 005 < 2

16:48:30 30 17 1.4 < 2 4.6 4.6 1.4 2.1 59 < 0.005 < 2

16:48:45 30 41 1.5 < 2 4.8 4.6 1.1 2.2 12 < 0.005 < 2

(Continued)



Table 416 (Continued)

Time Depth Mn Cd Cr Zn Ni Pb Cu Fe Hg As
(hr:min:sec) (m)

16:49:00 60 41 1.4 < 2 3.7 5.0 1.4 2.2 59 < 0.005 < 2

16:49:45 1 29 1.3 < 2 5.1 3.9 1.8 2.2 18 < 0.005 < 2

16:50:15 60 29 1.3 < 2 27 . 7 5.5 1.4 2.9 44 < 0.005 < 2

16:50:20 - Dump 2B occurred

16:50:30 1 53 1.6 < 2 5.6 5.9 1.8 3.0 801 < 0.005 < 2

16:50:45 60 29 1.3 < 2 8.2 6.0 2.1 2.4 38 < 0.005 < 2
<.0
a 16:51:30 1 29 1.8 < 2 5.1 4.6 2.1 4.1 23 < 0.005 < 2
N

16:51:45 30 17 1.8 < 2 5.1 4.6 1.1 2.8 11 < 0.005 < 2

16:52:05 60 41 1.5 < 2 4.6 4.8 1.8 2.2 29 < 0.005 < 2

16:52:20 1 23 1.2 < 2 10.5 6.0 1.8 4.1 45 < 0.005 < 2

16:52:50 30 38 1.5 < 2 6.1 5.1 1.5 1.9 24 0.120 < 2

16:53:10 60 38 1.7 < 2 5.8 5.1 1.3 1.7 57 < 0.005 < 2

16:53:30 1 23 1.6 < 2 7.1 4.2 < 1 2.0 32 < 0.005 < 2

16:53:45 30 23 2.0 < 2 11.4 6.0 1.0 2.4 34 < O.OOS < 2

16:54:00 60 68 1.2 < 2 7 . 2 4.8 1.0 1.6 16 < 0.005 < 2

16:54:25 1 23 1.5 < 2 7.0 4.2 < 1 2.0 40 < 0.005 < 2

16:54:40 30 53 1.4 < 2 11.0 5.1 1.5 1.8 32 < 0.005 < 2

(Continued)



Table 416 (Continued)

Time Depth Mn Cd Cr Zn Ni Pb Cu Fe Hg As
(hr:min:sec) (rn )

16:55:00 60 38 1.2 < 2 5.7 6.0 1.8 1.6 85 < 0.005 < 2
16:55:20 1 23 1.3 < 2 10.2 4.8 2.0 2.4 35 0.120 < 2
16:55:40 30 53 1.9 < 2 8.1 6.0 1.5 2.1 23 < 0.005 < 2
16:56:00 60 53 1.5 < 2 9.3 5.7 1.3 1.8 213 < 0.005 < 2
16:56:15 1 68 1.4 < 2 8.0 5.1 1.5 1.9 38 < 0.005 < 2
16:56:36 30 38 1.7 < 2 8.8 5.4 1.5 3.3 218 0.065 < 2
16:57:00 60 53 1.5 < 2 8.8 6.3 1.0 1.9 35 < 0.005 < 2(D

a 16:57:20 1 23 2.0 < 2 13.1 4.8 1.0 2.3 31 0.120 < 2w
16:57:35 30 23 2.3 < 2 8.1 5.4 1.3 2. 3 21 0.120 < 2
16:58:10 60 68 1.8 < 2 6.7 5.4 1.3 1.9 33 0.170 < 2
16:58:15 1 38 1.8 < 2 7.7 6.0 1.3 2.1 29 < 0.005 < 2
16:58:30 30 54 1.8 < 2 6.7 6.1 3.2 1.8 32 0.100 < 2
17:00:30 60 139 1.5 < 2 9.6 6.1 2.6 1.6 33 0.235 < 2
17:00:30 1 103 1.6 < 2 14.7 5.4 2.9 1.6 34 0.235 < 2
17:00:30 30 139 2.0 < 2 13.4 6.1 2.3 1.9 25 0.100 < 2
17:00:30 60 78 1.3 < 2 8.3 5.7 2.6 1.2 74 0.045 < 2
17:10:00 1 91 1.5 < 2 11.9 5.4 2.9 2.7 10 0.045 < 2
17:10:00 30 115 1.8 < 2 5.6 5.4 2.6 1.6 22 0.075 < 2
17:10:00 60 91 1.6 < 2 8.5 6.8 2.9 1.3 34 0.175 < 2

(Continued)



Table 416 (Con-eluded)

Time Depth Mn Cd Cr Zn Ni Pb Cu Fe Hg As
(hr:min:sec) (rn )

17:20:00 1 91 1.8 < 2 8.3 6.4 3. 2 2.1 84 0.090 < 2

17:20:00 60 139 1.5 < 2 13.9 5.7 2.3 2.4 10 0.220 < 2

17:21:00 30 127 1.9 < 2 17.0 6.4 3.2 3.1 208 0.100 < 2
<.0 17:31:30 1 91 1.5 < 2 7 . 6 6.1 2.6 1.8 16 0.235 < 2
0
+ 17:31:30 30 91 4.3 < 2 23.5 6.8 2.6 2.8 22 0.100 < 2



over seven minutes, although about eight minutes after the

dumps there was a slight increase (to 0.055 ~g/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 lA and IB; con

centrations increased at all three depths, with the maximum

139 ~g/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

~g/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

D~wamish River sediments and water predicted the observed re

lease of manganese and iron, as well as the observed sorption
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of zinc. They did not, however, show the merbury release seen

from the samples collected during actual disposal of Duwamish

River sediment.

Nitrogen Compounds

Results of ammonium and nitrate analyses of the

water samples collected before, during and after disposal,

appear in Table /..J.17. Prior to disposal, arrunonium concen....

trations were below 0.05 mg Nil at all times and depths.

Nitrate concentrations, however, were extremely variable,

ranging from 0.31 to 0.49 mg Nil at the three depths monitored.

No discernible pattern with respect to depth could be observed.

Elliott Bay Dump No. lA did not affect ammonium

concentrations, although nitrate concentrations increased in

the bottom water for 15 seconds after the dump. Following

Elliott Bay Dump No. IB, 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.

During the nearly two-hour period between the first

and second dumps, ammonium concentrations in the bottom water

occasionally rose above 0.05 mg Nil. Nitrate concentrations

during this period ranged between 0.33 and 0.49 mg Nil.

Within one minute of Elliott Bay Dump No. 2A

ammonium incr~ased 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 Nil 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 Nil; there was no observable

pattern with respect to depth.
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Table 417

Ammonium and Nitrate Concentrqtions: Elliott Bay Dis~osal

Operations, Material Dredged from Duwamish River

Time Depth Ammoniu~ Nitrate

(hr:min:sec) (m) (mg NIl) (mg NIl)

13:07:30 1 < 0.05 0.36

13:08:00 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

13:55:50 60 < 0.05 0.31

14:06:00 1 < 0.05 0.36

14:07:00 30 < 0.05 0.39

14:07:45 60 < 0.05 0.37

14:20:30 1 < 0.05 0.37

14:21:00 30 < 0.05 0.37

14:21:30 60 < 0.05 0.34

14:25:00 1 < 0.05 0.35

14:25:30 30 < 0.05 0.40

14:25:50 60 < 0.05 0.48

14:30:00 1 < 0.05 0.38

15:30:30 30 < 0.05 0.39

14:31:00 60 < 0.05 0.35

14:34:30 1 < 0.05 0.40

14:35:00 30 < 0.05 0.35

14:35:15 60 < 0.05 0.34

14:36:00 1 < 0.05 0.49

14:36:30 30 < O. 0-5 0.41

14:36:30 - Dump No. 1A occurred.

14:36:45 60 < 0.05 0.64

14:37:15 1 < 0.05 0.48

(Continue.d)
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Table 417 (Continued)

Time Depth Ammonium Nitrate
(hr:min:sec) (m) (mg Nil) (rng Nil)

14:37:30 30 < 0.05 0.38

14:37:45 60 < O. OS 0.40

14:38:15 1 < 0.05 0.38

14:38:30 30 < 0 B 05 0.34

14:38:45 60 0005 0.37

14:39:30 1 < 0005 0.35

14:39:30 - Dump No. IB occurred.

14:39:45 30 < 0.05 0.38

14:40:00 60 0.17 0.26

14:40:15 1 < 0.05 0.38

14:40:40 30 < 0.05 0.35

14:41:00 60 < 0.05 0.35

14:41:15 1 < 0.05 0.37

14:41:30 30 < 0.05 0.40

14:41:45 60 < 0.05 0.35

14:42:30 1 < 0.05 0.35

14:42:45 60 0.08 0.43

14:43:00 3"0 < 0.05 0.40

14:43:45 30 < 0.05 0.37

14:44:00 60 0.05 0.35

14:44:15 30 < 0.05 0.35

14:44:45 60 0.06 0.44

14:45:05 30 < 0.05 0.40

14:45:20 60 0.09 0.44

14:45:40 30 < 0.05 0.38

14:46:00 60 < 0.05 0.35

14:46:20 30 < o. as 0.43

14 : 4·~: 30 60 < 0.05 0.42

14:47:00 30 < 0.05 0.40

14:47:15 60 < 0.05 0.37

14:47:30 30 < 0.05 0.4-3

14:48:00 60 < 0.05 0.4-0
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'l'abJ.e 4-'-1 lContinued)

Time Depth Ammonium Nitrate
(hr:min:sec) (m) (mg NIl) (mg NIl)

14:48:00 60 < 0.05 0.40

14:48:30 110 < 0.05 0.39

14:48:50 30 < 0.05 0.36

14:49:05 60 < 0.05 0.40

14:50:00 1 < 0.05 0.49

14:50:30 30 < 0.05 0.42

14:50:45 60 < 0.05 0.36

14:55:00 1 < 0.05 0.38

14:55:20 30 < 0.05 0.38

14:55:45 60 0.07 0.35

15:00:00 1 < 0.05 0.35

15:00:20 30 < 0.05 0.33

15:00:40 60 < 0.05 0.38

15:14:45 1 < 0.05 0.40

15:15:15 30 < 0.05 0.42

15:15:30 60 < 0.05 0.34

15:30:00 1 < 0.05 0.39

15:30:15 30 < 0.05 0.36
15:30:50 60 < 0.05 0.34
15:50:20 60 < 0.05 0.34

16:02:00 1 < 0.05 0.36
16:02:45 30 < 0.05 0.37

16:03:15 60 < 0.05 JO.36
16:15:30 1 < 0.05 0.36
16:16:45 30 < 0.05 0.40

~6:18:30 60 < 0.05 0.39

16:30:00 60 < 0.05 0.41
16:35:45 1 < 0.05 0.49
16:36:15 30 < 0.05 0.46
16:36:40 60 < 0.05 0.40

16:40:00 1 <0.05 0.44

16:40:15 30 < 0.05 0.41

lCont~nue,d)
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Table 417 (Continued)

Time Depth ~oni:)m Nitr,te
(hr:min:sec) (m) mg Nil (mg N 1)

16:40:40 60 < 0.05 0.41

16:44:45 1 < 0.05 0.39

16:45:00 30 < 0.05 0.43

16:45:15 60 < 0.05 0.42

16:45:45 1 < 0.05 0.42

16:46:00 30 < 0.05 0.35

16:46:20 80 < 0.05 0.34

16:46:45 1 < 0.05 0.37

16:47:00 30 < 0.05 0.34

16:47:10 60 < 0.05 0.34

16:47:40 1 < 0.05 0.36

16:47:55 30 < 0.05 0.35

16:47:55 - Dump No. 2A occurred.

16:48:15 60 < 0.05 0.34

16:48:30 30 < 0.05 0.40

16:48:45 30 < 0.05 0.36

16:49:00 60 0.20 0.28

16:49:45 1 < 0.05 0.36

16:50:15 60 0.08 0.30

16:50:20 - Dump No. 2B occurred.

16:50:30 1 2.64 0.23

16:50:45 60 < 0.05 0.36

16:51:30 1 < 0 ~ 05 0.36

16:51:45 30 < 0 e 05 0.33

16:52:05 60 < 0005 0.36

16:52:20 ~ < 0005 0.40

16:52:50 30 < 0.05 0.33

16:53:10 60 < 0.05 0.42

16:53:30 1 < 0.05 0.43

16:53:45 30 < 0.05 0.44

16:54:00 60 < 0.05 0.39

16:54:25 1 < {j.05 0.41

16:54:40 30 < 0.05 0.43
CC<;;>.ptinue<11
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Table 417 (Concluded)

Time Depth Ammonium Nitrate
(hr:min:sec) (m) (mg Nil) (mg Nil)

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 0.42

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 1 < 0.05 0.35

16:57:35 30 < 0.05 0.43

16:58:10 60 < 0.05 0.41

16:58:15 1 < 0 .05 0.33

16:58:30 1 < 0.05 0.43

16:58:30 30 < 0.05 0.31

17:00:30 60 < 0.05 0.31

17:00:30 1 < 0.05 0.29

17:00:30 30 < 0.05 0.33
17:03:00 60 < 0.05 0.33
17:10:00 1 < 0.05 0.31
17:10:00 30 < 0.05 0.35
17:10:00 60 < 0.05 0.31
17:20:00 1 < 0.05 0.32
17:20:00 60 < 0.05 0.33
17:21:00 30 < 0.05 0.31
17:31:30 1 < 0.05 0.41
17:31:30 30 < 0.05 0.32
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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 Nil were considered.

In the two samples with the ammonium concentration higher

than 0.05 mg Nil, 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

those in the overlying water. It appears that overall,

organic nitrogen decreased as a result of disposal opera

tions.

Phosphorus Compounds

The mean soluble orthophosphate concentrations

during the 4.5-hour monitoring of the Elliott Bay disposal

operations can be found in Table 419. 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/l. There appeared to be an increase in concentra

tion near the bottom immediately following Elliott Bay Dump

No. lA, after which the concentration there began. to decrease.

This decline appears to have continued until the second barge

dumped its load (Dump No. IB), at which time the concentra

tion rose and fluctuated between 0.040 and 0.066 mg P/l.

Within 55 minutes of Dump No. lA, soluble ortho P near the

bottom appears to have returned to~ ahd stabilized at, pre

disposal levels.
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Table 418

Organic Nitrogen Concentrations: Cornposite Water Samples

Collected During Elliott Bay Disposal Operations

Composites Depth Organic N (mg Nil)
Times -

<hr:min:sec) (m) X SD

Pre-Disposal:

13:08:00 30 0.25 0.0813:55:00

13:08:30 60 0.29 0.0813:55:50

Dump No. 1:

14:42:30 1 < 0.05 0.0614:48:30

14:44:15 30 0.13 0.03
14:45:40

14:44:00 60 0.20 0.06
14:45:20

16:15:30 1 0.07 0
16:44:45

16:30:00 60 0.07 0
16:40:40

Dump No. 2 :

16:57:20 1 0.05 0.0316:58:15

16:55:40 30 < 0.05 'VO
16:57:35

16:55:00 60 0.09 0.03
16:56:00

Post-Disposal:

17:10:00 30 0.05 0.03

17:00:00 60 0.17 0.03
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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T-able 419

Soluble Orthophosphate Concentrations: Elliott Bay Disposal

Operations Dredged Material from Duwamish River

Time
(hr:min:sec)

Depth
(m)

Soluble Ortho P (mg P/1)
X SD

13:07:30

13:08:00

13:08:30

13:54:00

13:55:00

13:55:50

14:06:00

14:07:00

14:07:45

14:20:30

14:21:00

14:21:30

14:25:00

14:25:30

14:25:50

14:30:00

14:30:30

14:31:00

14:34:30

14:3.5:00

14:35:15

14:36:00

14:36:30

1

30

60

1

30

60

1

30

60

1

30

60

1

30

60

1

30

60

1

30

60

1

30

0.094

0.088·

0.062

0.092

0.088

0.086

0.097

0.097

0.090

0.090

0.104

0.092

0.096

0.090

0.090

0.088

0.096

0.094

0.088

0.096

0.091

0.090

Q .096 .

(Continued)
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0.001

o
o
o



Table 419 (Continued)

Time Depth Soluble Ortho P (mg P/l)
(hr:min:sec) (m) X SD

14:36~30 - Dump No. lA occurred.

14:36:45 60 0.12 0

14:37:15 1 0.091 0

14:37:30 30 0.091 0

14:37:45 60 0.092 0

14:38:15 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 1 0.084 0

14:40:40 30 0.088 0

14:41:00 60 0.059 0

14:41:15 1 0.10 0

14:41:30 30 0.080 0.001

14:41:4q 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 0.055 0.002

14:44:15 30 0.094 0.001

14:44:45 60 0.042 0.001

14:45:05 30 0.078 0.001

14:45:20 60 0.039 0

(Continued)
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Table 419 CContinued)

Time Depth Soluble Ortho P (mg P/l>
(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 0.075 0

14:48:00 60 0.053 0.001 .

14:48:30 1 0.078 0.001

14:48:50 30 0.076 0

14:49:05 60. 0.042 0

14:50:00 1 0.072 0.001

14:50:30 30 0.078 0.001

14:50:45 60 0.044 0.001

14:55:00 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

15:15:15 30 0.085 0

15:15:30 60 0.064 0.001

15:30:00 1 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 4-19 (Oontinued)

Time Depth Soluble Qrtho P (mg P/l)
(hr:min:sec) (m) X SD

15:50:20 60 0.094- 0.001

16:02:00 1 0.098 0

16:02:45 30 0.099 0

16:03:15 60 0.095 0

16:15:30 1 0.080 0.001

16:16:45 30 0.080. 0

16:18:30 60 0.080 0

16:30:00 60 0.080 0.001

16:35:45 1 0.080 0.001

16:36:15 30 0.084 0.001

16:36:40 60 0.081 0.001

16:40:00 1 0.083 0

16:4-0:15 30 0.080 ~0.001

16:40:40 60 0.089 0.003

16:44:45 1 0.083 0

16:45:00 30 0.082 0.001

16:45:15 60 0.10 0

16:45:45 1 0.084 0.001

16:46:00 30 0.087 0

16:46:20 60 0.083 0

16:46:45 1 0.091 0

16:47:00 30 0.043 0

16:47:10 60 0~082 0.001

16:47:40 1 0.072 0.001

16:47:55 30 0.087 0.001

16:47:55 - Dump No. 2A occurred.

(Continued)
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Table 41'9 (Continued)

Time Depth Soluble Ortho P (mg P!l)
(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

16:49:00 60 0.028 0

16:49:45 1 0.075 0

16:50:15 60 0.030 0

16:50:20 - 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

16:52:05 6Q 0.064 0.001

16:52:20 1 0.057 0.001

16:52:50 30 0.088 0.001

16:53:10 60 0.074 0.001

16:53:30 1 0.073 0

16:53:45 30 0.096 0.001

16:54:00 60 0.093 0

16:54:25 1 0.084 0

16:54:40 30 0.095 0.001

16:55:00 60 0.028 0.00_1

16:55:20 1 0.096 0.001

16:55:40 30 0.10 0.001

16:56:00 60 0.040 0

16:56:15 1 0.095 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/l)
(hr:min:sec) (m) X SD

16:57:20 1 0.092 0.001

16:57:35 30 0.094 0.001

16:58:10 60 0.083 0

16:58:15 1 0.094 0

16:58:30 1 0.084 0.001

16:58:30 30 0.086 0

17:00:30. 60 0.040 0.001

17:00:30 1 0.081 0

17:00:30 30 0.081 0

17:00:30 60 0.064 0.001

17:10:00 1 0.081 0.001

17:10:00 30 0.094 0.001

17:10:00 60 0.076 0.001

17:20:00 1 0.10 0.001

17:20:00 60 0.061 0

17:21:00 30 0.089 0

17:31:30 1 0.085 0.001

17:31:30 30 0.081 0

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



Both surface and mid-depth soluble orthophosphate

concentrations showed no regular pattern following Elliott

Bay Dump No. lA. They fluctuated between 0.10 and 0.072

mg Pil at the surface, and between 0.097 and 0.069 mg Pil

at mid-depth. Concentrations at the surface and mid-depth

also appeared to have stabilized at ambient levels within

about 55 minutes of the first set of dumps.

In the bottom waters, decreased orrt'hopho s phat e

concentrations were found following Dumps Nos. lA and lB.

About 25 minutes after disposal concentrations at all three

depths appear to have returned to ambient levels (0.094 to

0.096 mg P/l). The concentrations at all depths measured

decreased to approximately 0.08 mg Pil and r~mained at about

that level until the second series of dumps began.

Soluble orthophosphate concentrations appeared to

fluctuate somewhat (most noticeably 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. The sur

face concentrations of soluble ortho P decreased to 0.072

mg PII at about the time of Elliott Bay Dump No. 2A and

decreased to 0.02 mg PII immediately following Dump 2B.

They then rose steadily to ambient (0.096 mg P/l) and fluctu

ated between 0.08 and 0.10 mg PII for the duration of the

monitoring period.

Concentrations at mid-depth fluctuated generally

between 0.08 mg Pil and 0.10 mg Pil 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 Pll, the

third to 0.040 mg Pll, rising to ambient levels in between.

Only the soluble ortho P concentrations near the bottom had

not returned to ambient levels by the time monitoring ceased.
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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. IB, the concentration of

soluble ortho P increased. As the percent light transmissiop

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. IB, 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. In the near bottom

waters, there was a decrease in soluble ortho P before any

decrease in percent light transmission, but the second and

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. lA and lB, surface soluble ortho P fluctuated and

decreased to 0.072 mg PIl, although it generally stayed

within 0.01 mg Pil 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/l).

Moreover, the soluble ortho P in the bottom water following

Dumps lA and lB appears to have remained at a depressed

level for nearly 50 minutes before returning to ambient con

centrations. The decreases in concentration in bottom waters

following the last two dumps were more erratic; decreases to

0.03 mg Pil were followed by increases to ambient levels.

A number of unfiltered water samples collected

during different phases of the Elliott Bay disposal operation

were composited and analyzed for total phosphorus. Mean
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concentrations found are presented in Table 420. Surface

water total phosphorus appeared to have increased between the

two sets of dumps. The composite samples for Elliott Bay

Dump No. 1 were from a period of greatly fluctuating turbidity

and variable contaminant concentrations. In some cases, during

such periods, the duplicate samples collected (one to be

filtered, the other not) contained different amounts of sedi

ment. This fact helps explain why the total P concentration

during Dump No.1 sometimes appeared lower than the soluble

ortho P taken during the same period.

There was not much change in total phosphorus

levels at mid-depth; the total P content during the disposal

operations appear to have decreased from ambient (0.11 mg P/l)

to a low of 0.061 mg P/l during Dump No.2. The concentration

was somewhat higher in the post-disposal samples.

The total phosphorus found in the near bottom waters

best demonstrates the relationship between the high turbidity

and total P content. Maxima of 0.47 and 0.32 mg P/l were found

concurrent with low percent light transmission in the bottom

water found during the dumps. Between dumps, the total P was

below pre-disposal concentrations. In the post-disposal com

posite sample collected about 15 minutes after the last dump,

the total P concentration had not returned to ambient levels.

Or~anic Compounds

Six water samples collected during Elliott Bay

disposal operations were analyzed for selected chlorinated

hydrocarbon pesticides and PCBs. These samples represent the

water conditions before, during and after disposal. Data

for these samples are presented in Table 42d.. e

The EC chromatograms of the six sample extracts

are illustrated in Figures 135 and.. 136. Table 422 shows
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Table 420

Total Phosphorus Concentrations: Composites* of Water

Samples Collected During Elliott

Bay Disposal Operations

Total Phosphorus
(mg P/l)

Composites
Times

(hr:min:sec)

Pre-Disposal:

13:08:00
13:55:00

13:08:30
13:55:50

Dump No.1:

14:42:30
14:48:30

14:44:15
14:45:40

14:44:00
14:45:20

16:15:30
16:44:45

16:30:00
16:40:40

Dump No.2'

16:57:20
16:55:15

16:55:40
16:57:35

16:55:00
16:56:00

Depth

(m)

50

60

1

30

60

1

60

1

30

60

(Ccrrt i.nued)

926

x

0.11

0.12

0.062

0.08

0.47

0.08

0.077

0.097

0.061

0.32

3D

0.007

0.005

0.001

0.012

0.01

0.017

0.001

0.001

0.004

0.015



Table 420 (Concluded' )

Total Phosphorus
(mg P/1)

Composites
Times

(hr:min:sec)

Post-Disposal:

17:10:00

17:00:00
17:03:00

Depth

(m)

30

60

x

0.08

0.20

3D

0.008

0.009

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

*Water samples collected at designated times were com
bined 1:1 by volume and analyzed for total P.

Table 421

Water Samples Analyzed for Organic Concentrations: Elliott

Bay Disposal Operations

Time
(hr:min:sec)

Sample
Designat ion ~'~ Figure No.

Dump No.1 (14:36 - 14:39)

14:06:00 - 14:07:45

14:46:20 - 14:47:15

15:50:20 - 16:03:15

Dump No.2 (16:47 - 16:50)

17:00:30

17:20:00

17:31:30

Pre-Disposal

Turbid Plume

Post-Disposal

Turbid Plume
(60 m)

Post-Disposal
(60 rn )

Post-Disposal
(1 m)

A

B

C

A

B

C

(135)

(136)

*The first three samples were composites of several subsamples.
The others were collected in 2.5 gallon cubitainers.
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Table 422

Relative Retention Correlation Data:** Elliott

Bay Dump No .. 2 Water Samples, February 17, 1976

Peak Organic Xmm. R
Number Compound r

1 13 0.20

2 16 0.24

3 21 0.32

4 26 0.39

5 28 0.41

6 31 0.47

7 Lindane* 37 0.56

8 42 0.64

9 50 0.76

10 60 0.91

11 66 1.00

12' Internal Standard
Heptachlor Epoxide 95 1.44

13 115 1.74
oJcCompound identified on two columns.

the relative retention times of the resolved peaks. Examina

tion of the two figures shows that almost all the characteris

tic peaks were present in all the samples and that the differ

ence is only in the magnitude of peaks.

Table 423 lists the results of the organic

analysis for these samples. It can be seen from this table

that lindane was the only pesticide under investigation that

was detected on two columns. PCBs were also present in all

samples tested. The concentration of lindane decreased to

0.3 ng/l in the turbid plume from the first disposal operation

but increased to 3.5 ng/l during the second turbid plume.

At o~her times, the concentrations ranged between 1.3 and

1.7 ng/l. The PCB concentrations of all samples were between

18.0 and 24.0 ng/l, except during passage of the turbid plume

from Dump NO.1, when PCBs increased to 36.0 ng/l. This
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Table 423

Data for Organic Compounds: Elliott Bay Disposal Operations

Dump No. 1 ~': Dump No. 2 ~'~

Second Post Post
Parameter Pre- Turbid Between Turbid Dispcsal Disposal

Disposal Plume Disposals Plume (60 m) (1 m)

Chlorinated
Hydrocarbons: (ng/l) (ng/l) (ng/l ) (ng/l) (ng/l) (ng/l)

Aldrin < 0.6 < 0.6 < 0.6 < 0.6 < 0.6 < 0.6

op'DDT < 3.0 < 3.0 < 3.0 < 3.0 < 3.0 < 3.0

PP'DDT < 3.0 < 3.0 < 3.0 < 3.0 < 3.0 < 3.0

oP'DDD < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0

PP'DDD < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0

OP'DDE < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0

PP'DDE < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0

Dieldrin < 1.2 < 1.2 < 1.2 < 1.2 < 1.2 < 1.2

Endosulfan I < 1.2 < 1.2 < 1.2 < 1.2 < 1.2 < 1.2

Endosulfan II < 4.4 < 4.4 < 4.4 < 4.4 < 4.4 < 4.4

Endrin < 1.6 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6

Heptachlor < 0.4 < 0.4 < 0.4 < 0.4 < 0.4 < 0.4

Lindane 1.3 0.3 1.5 3.5 1.7 1.5

PCBs 20.0 36. 0 24.0 22.0 20.0 18.0
-----------------------------~

Other Organic Compounds:

(mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)

Oil and Grease < 0.5 7.6 < 0.5 < 0.5 < 0.5 < 0.5

Total Organic
Carbon NT 11.4 24.3 16.9 22.8 6.9

Total Inorganic
Carbon NT 11.6 20.8 12.9 7.3 17.9

NT = not listed.
~':See Table 421 for explanation of column designations.
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corresponds to the oil and grease data pattern for these

samples: oil and grease were below the detection limit of
0.5 mg!l for all samples except the one taken during the

first turbid plume (7.6 mg!l)~

Both elutriate test and field study results showed

only a slight release. The low retention times for unknown com

pounds were reduced during passage of the turbid plume and

in the elutriate. Comparisons of the PCB concentrations show

that in the pre~disposal extract, they were 20.0 ng/l and in

the water extract, 11.5 ng/l. During the turbid plume the

concentration increased to 36.0 ng/l and in the elutriate to

33.4 ng/l. The elutriate test gave the same G.e. profile and

also the same trend towards release or sorption.

Water Quali~~ at the ~edg.~Site

Percent Transmission

Profiles or the water column above and below the

dredging site were taken to determine if mechanical dredging

operations had an effect on the turbidity of the Duwamish

River. The data for the two sites are presented in Figure

137 and show similar profiles. The surface waters were more

turbid at both sites than the bottom waters, with approx

imately 40 percent transmission for surface water compared

to 70 percent for the bottom waters. No effects of dredging

can be discerned from these data.

Heavy Metals

Soluble heavy metal concentrations in water samples

collected above and below the mechanical dredge in the Duwamish

River Turning Basin are shown in Table 424. There was no

difference in metal concentrations between the samples taken

above the dredge and those taken below. Manganese and zinc

concentrations ranged from 37 to 58 and from 10.5 to 44.9 ~g/l,

respectively. Cadmium and lead concentrations ranged from 1.8

to 4.0 ~g/l and from 2.0 to 2.9 ~g/l, respectivelyQ Nickel

and copper concentrations ranged from 4.6 to 6.7 ~g/l and
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Table 424

Soluble Heavy Metal Concentrations: Samples Collected Above and Below

the Dredge in Duwamish River Turning Basin

(1-lg/ 1 )

Dep;tJil

(rn ) Mn Cd Cr Zn Ni Pb Cu Fe Hg As

Above Dredge - 16:30

o .5 58 2.0 < 2 11.8 5 .5 2 .9 3.1 473 < 0.005 < 2

2 .0 37 4.0 < 2 44.9 6 . 7 2 .3 10.0 181 < 0.005 < 2

4.0 48 1.9 < 2 13.1 5 .8 2 . 0 2 . 7 55 < 0.005 < 2

co Below Dredge - 16:40
vi
-1=

0.5 27 1.8 < 2 12.8 4.6 2 .6 3 .9 318 < 0.005 < 2

2 .0 37 2 .3 < 2 18.4 5 . 8 2 .0 3 .4 98 < 0.005 < 2

4.0 48 2 .0 < 2 11.8 6 .0 2 .0 3.4 63 < 0.005 < 2

6.0 48 2.1 < 2 10.5 4.8 2 .3 2 . 7 37 < 0.005 < 2



3_1 to 10,Q "gil, respectively. Iron concentrations de

creased with depth. They were 318 to 473 lJg/l at the surface

and from 37 to 55 l-\g/l at 4 to 6 meters below the surface.

Chromium, arsenic, and mercury concentrations were all below

detection limits of <2; <2, and <D.OOS pg/l, respectively.

Nitrogen Compounds

For comparison, water samples were also collected

from the Duwamish River Turning Basin. Results of ammonium

and nitrate analyses are presented in Table 425. Ammonium

concentrations were much higher than those observed in the

disposal site water samples. Concentrations in the upper two

meters of the dredging site water column were apparently as

much as twice those in the underlying water. Specific conduct

ance data (Table 388) had indicated that at the dredging site,

the more contaminated river water overlies the bay water.

Nitrate concentrations ranged between 0034 and 0.48 mg Nil,
with higher concentrations in the surface waters.

It is apparent from the data in Tables 418 and 425

that the water column at the Elliott Bay disposal area was

less contaminated with nitrogen compounds than the dredging

site water column. Monitoring of disposal operations generally

indicated release of ammonium and removal of nitrate and organ

ic N. The only exception to this trend was observed with

Elliott Bay Dump No. lAo The ammonium release following Dump

No. 2B, although significantly high (2.64 mg NIl), should not

harm aquatic organisms because of the brevity of the expected

period of exposure.

Phosphorus Compounds

Soluble orthophosphate concentrations of samples

collected in the Duwamish River Turning Basin both above and

below the mechanical dredge, are presented in Table 426.

Above the dredge, concentrations appeared to be fairly con

stant with depth, ranging from 0.079 to 0.094 mg P/I. Below

the dredge, the concentration at 0.5 and 2 m (0.14 and 0.22
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mg P/l) appeared to be somewhat higher than those found above

the dredge at corresponding depths. The concentrations at

4 and 6 m, however, were lower than near-bottom water con

centrations above the dredge.

Table 425

Ammonium and Nitrate Concentrations: Water Samples

Collected Above and Below the Dredge in Duwamish

River Turning Basin*

(mg NIl)

Depth
(rn)

Above:

Ammonium Nitrate

0.5

1.0

2. 0

Below:

2 • 0

4.0

4.0

6 • 0

0.23 0.48

O. 33 0.42

0.28 0.43

0.28 0.44

0.13 0.43

0.12 0.42

0.12 0.34

*All samples collected between 16:30 and 16:45.
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Table 426
Soluble O~thophosphate Concentrations: Samples Collected
Above and Below Dredge in Duwamish River Turning Basin

Depth Soluble Ortho p (mg P/1)
(m) X SD

Above Dredge - 16:30

0.5 0.079 0

2 0.094 0

4 0.084 0.001

Below Dredge - 16:40

0.5 0.14 0

2 0.22 0

4 0.072 0.001

6 0.071 0

Mean and standard deviation calculated from duplicate analyses

of one sample.
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New York-New Jersey Waterways - New York Bight

The New York Bight area off the coast of SaDdy Hook,

New Jersey has recently been the focus of considerable contro

versy over the disposal of sewage sludge and dredged material.

In the summer of 1976, the bottom waters ln a band about eight

miles wide and extending about 100 miles down the New York-

New Jersey coast, generally a few miles offshore, became

anOX1C. The anoxic conditions led to large scale-die offs of

clams, crab, lobster, and bottom-dwelling fish such as flounder.

The New York District of the Corps of Engineers

dredges approximately 10 million cubic yards of sediment from

New York-New Jersey harbors and waterways annually. These

dredged sediments are all dumped at one site (mud dump site)

in the New York Bight. The surrounding shoreline containR

some of the most intensely urbanized and industrialized areas

in the world. Large amounts of untreated or only partially

treated wastewaters are discharged to the waterways. Further,

rivers such as the Hudson that discharge to this area carry

persistent contaminants from the municipal and industrial

wastewaters and agricultural drainage from several states.

This results in the potential for large-scale contamination of

the waters and sediments in the New York-New Jersey area. Com

putations of the total contaminant load to the New York Bight

such as those made by Mueller et alo,37 which are based on the

bulk sediment content, show that for many contaminants of

potential- concern, the total load to the New York Bight arising

from the disposal of dredged sediment is a significant part of

the total load from all sources including sewage sludge dumping

and the discharge of municipal and industrial waste. However,

as pointed out by Lee and Jones,38 in their discussion of the

Mueller et al.3 9 paper, in order to judge the true significance

of the contaminants associated with the dredged sediment, 1.1:

is necessary to determine the amounts of these contamin~nts
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that become available to affect water quality in the New York

Bight. In order to provide information on this topic and

to evaluate the reliability of the elutriate test in predict

ing the potential for contaminant release from dredged sedi

ment upon openwater disposal, a study was conducted in this

region in late August-early September 1976. This study in

volved collecting sediments from the area scheduled to be

dredged and subjecting them to the elutriate test under a

variety of conditions. Also, the disposal operations invol

ving the dredged material from these areas were monitored to

determine the release of contaminants during disposal. Further,

samples of dredged material accumulating in the hoppers were

collected during dredging~ Also, samples were collected from

the hoppers periodically during transport from the dredging

site to the mud dump site~ Thsee samples were collected so

that measurements of the release of contaminants at the time

of dredging and during transport to the disposal site could

be made. In addition, a set of water samples was taken from

the mouth of Raritan Bay to compare the concentration of con

taminants present at the mouth of the bay (which receives

municipal and industrial wastewater discharges from New York

and New Jersey) to that found at the dredged material disposal

site.

E1utriate and Plop Tests

Characteristics of Sampling Site

On August 30, 1976 sediment and water samples were

collected using a Ponar grab and pump, respectively, from areas

in the Bay Ridge Channel and the Perth Amboy Anchorage and

Channel that were scheduled to be dredged on the following two

days. The locatio?s of these sampling sites are presented

in Figures 138 and 139

The Secchi depth at the Bay Ridge Channel sediment

sampling site (Figure 138) was 0.75 m; depth of the water

column was approximately 13 m. The sediment collected in that
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area was pasty, black', and oily in appearance. Since the

water at that location was turbid, it was decided to collect

the water from a nearby, less turbid area (Figure 138). At

the site chosen, the water column was about 12 m deep; the

Secchi depth was 1.25 m. The water sample was pumped from a

depth of about 10 m.

The Perth Amboy Anchorage (Figure 139) is a barge

anchorage area. Two sets of sediment and water samples were

collected in the anchorage area. At the first location, the

water depth was 8 m, and the Secchi depth was 1 m. The sedi

ment was black and pasty with a strong sulfide odor. A water

sample was collected at that location from a depth of 6 m.

A second set of Perth Amboy Anchorage samples was

taken about 100 m east-northeast of the previously sampled an

chorage site. The water depth was about 9 m, and the Secchi

depth was 1 ffi. The appearance of this sediment generally re

sembled· the other sediment, except that the sulfide odor was

not as strong in this sediment. A water sample was collected

from 6 m. The two sediment samples were later pooled and pro~

cessed as the Perth Amboy Anchorage sample.

The depth of the Perth Amboy Channel sampling site

(Figure 139) was about 13 m, and the Secchi depth was 1.3 m.

The Perth Amboy Channel sediment sample had a thin layer of

brownish, oxidized material on its surface and a strong sul

fide odor" Its consistency resembled that of the anchorage

sample. There were also some roots and twigs in the sample.

A water) sample was also collected from a depth of 10 m.

The sealed sediment buckets and water bottles were

placed in insulated shipping boxes and immediately air-freighted

to Dallas. Upon arrival, they were stored in the dark at 40C

and were not opened until used for the elutriate tests.

General Sediment Characteristics and Oxygen Demand

The sediments collected for elutriate tests were

analyzed for Eh, sulfide concentration, percent dry weight,
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and particle size distribution. The results of these measure

ments are presented in Table 427.

Perth Amboy Channel and Anchorage sediments were

analyzed in triplicate. They had Eh values of -353 mv and

~381 mv, respectively. The Perth Amboy Channel sediment's

mean sulfide concentration was 1502 mg/kg; that of th~ Anchor

age sediment was 2373 mg/kg. Their mean percent dry weights

were 34 percent and 40 percent, respectively. The particle

size distribution of the Channel sediment sample was 4 percent

clay, 63 percent silt, and 33 percent sand. Anchorage sediment

was zero percent clay, 69 percent silt, and 31 percent sand.

The Bay Ridge Channel sediment had an Eh of -3'/9 mv. The mean

sulfide concentration was found to be 1190 mg/kg. The mean

percent dry weight value was determined to be 48 percent. These

sediments were found to be 6 percent clay, 54 percent silt, and

40 percent sand.

The oxygen demand test was performed on the three

sediment samples. The oxygen uptake data for the multiple

runs for all three sediments are presented in Tables A.37, A38,

and A39 of Appendix A. For the samples from the Perth Amboy

Channel, the standard deviation ranged from 0 to 0.3, indi

cating good reproducibility. As can be seen in'Table 427, the

Anchorge area sediment showed a slightly higher oxygen demand
2per cubic meter for the first hour (9.3 x 10 g 02 compared to

8.4 x 10 2 g 02 for the Channel sediment). The same was true

for the uptake per gram dry weight for the first hour: 1.43
2

mg 02 for the Anchorage sediment compared to 1.29 mg ° for

the Channel sediment.

The plot of the data from the Perth Amboy oxygen

demand tests are presented in Figures 140 and 141. The Channel

sediment showed a two-stage uptake. The slope of the fast com-

/
.-1ponent was -0.16 mg 1 mln ,and that of the slow component

. -1 .was 0.009 mg/l mln . The Anchorage sedlment had a slngle-

component slope of -0.012 mg/l min-I. The initial fast compon

ent found for most sediments tested in this study was very short

lived.
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Table 427

Characteris,tics of Perth Amboy Channel, Anchorage, and Bay Ridge Channel Sediments

Sample Eh Sulfide Percent Particle Size Distribution Oxygen Uptake First Hour
Designation (mv) mg S/kg Dry Wt Percent Per Cubic Per Gram

- Meter Dry WtX SD X SD Clay Silt Sand
(g °2) (mg 02)

to Perby Amboy 2+:" Channel -353 1502 25 34 0.1 4 63 33 8.4xlO 1.29+:"

Perth Amboy 2Anchorage -381 2373 121 40 0.1 0 69 31 9.3xlO 1.43

Bay Ridge 2Channel -379 1190 27 48 0.2 6 54 40 6.6xlO 0.90

Mean and standard deviations based on triplicate analyses of one sample.,
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Table 427 shows that the Bay Ridge Channel sediment

had a lower uptake in the first hour than the Perth Amboy sam

ples. The oxygen demand in the first hour for a cubic meter

was 6.6 x 10
2

g 02; it was 0.90 mg 02 per g~am dry weight.

The plot of the results, Figure 142, shows a two-component

slope. The fast component was calculated to be -0.015 mg/l

min-1 the slow component was -0.006 mg/l min=l

Elutriate Test General Parameters

Duplicate 5 percent oxic, 20 percent oxic, and 20

percent anoxic tests were run on Perth Amboy Channel, Perth

Amboy Anchorage, and Bay Ridge Channel sediments on September

3-8, 1976. In addition, a set of duplicate plop tests were

run on September 15 .cn sediment and water from the Perth Amboy

Anchorage.

Table 428 presents the values of the general physical

and chemical parameters measured during elutriate tests run on

Perth Amboy Channel sediment and water. Judging from the D.O.

values during the replicate 20 percent oxic tests, the oxygen

demand of this sediment was high compaJ?ed to most test sedi

ments elutriated during this study. This is based on the

observation that during settling of the 20 percent oxic tests,

D.O. concentrations in the elutriate decreased to 0.7 and

1.7 mg/l. Because of the smaller percent sediment used, the

5 percent oxic elutriates had consistentl~ higher D.O. levels

than the 20 percent oxic elutriates and showed higher decrease

during settling. During the anoxic tests, the D.O. remained

below 0.5 mg/l (detection limit).

The pH values rose from 7.5 in the site water to

about 8 in all elutriates. Turbidity levels were about the

same in both 5 and 20 p~rcent oxic elutriates but were some

what higher in the anoxic elutriates. Specific conductance

values increased slightly as a result of elutriation, but-no

discernible differences were found among the elutriates.
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Table 428

General Physical and Chemical Parameters:

Perth Amboy Channel Elutriate Tests

21°C)
Specific

Sample Dissolved Oxygen (mg/l @ Turbidity Conductance
Designation Inltial After Mlxlng After Se t t L'i n g pH (NTU) ( IJmh0 s / c m @ 2SoC)

Site Water 4.2 - - 7 . 5 2 . 5 29,400

5% Oxic A 5.6 6.1 5.1 8.0 80 33,600

B 5.5 5.8 4.8 8 .0 100 31,500
to
+" 20% Oxic A 2. 2 2.6 0.7 8 . 0 66 32,240
to

4.7

B 4.0 4.9 1.7 8.0 90 32,240

4. 8

20% Anoxic A <0.5 < 0.5 < 0.5 8.0 150 33,390

B < 0.5 < 0.5 < 0.5 7 . 9 140 29,680

Dash (-) indicates not applicable.

A and B are replicates.



Table lf29shows ':that t-he ge_neralcharaC'=te,r:i.s~tksof

L:he Perth Amboy Anchorage site water were about the same as

those of the Perth Amboy Channel site water. Because the plop

tests were run ten days after the oxic and anoxic tests on

the Anchorage sediments, a second sample of site water was

analyzed at that time for its general characteristics. The

only difference between the two was in turbidity; whereas it

was 2.5 NTU prior to the first tests, it was 6 NTU prior to

the running of the plop tests.

From the D.O. concentrations during the Perth Amboy

Anchorage elutriate tests, it would appear that the oxygen

demand of these sediments was about the same as that of the

Channel sediments. -The D,() .. values were higher in the 5 -percent

oxic elutriates than in the 20 percent oxic elutriates and

below 0.5 mg/l during the anoxic tests.

The D.O. in the test column during the plop tests

on Perth Amboy Anchorage sediment remained constant with depth.

The initial and after-mixing values were about the same as

those found during the 5 percent oxic tests. After settling,

D.O. values were slightly higher than those found in the 5

percent elutriates.

The pH rose during elutriation of Perth Amboy An

chorage sediment. The turbidity found in the 20 percent oxic

and 20 percent anoxic elutriates ranged from 76 to 105 NTU.

The 5 percent oxic duplicates had somewhat lower turbidities

(65 and 62 NTU); plop test elutriate turbidities were the

lowest at 25 and 30 NTU.

The specific conductance of the Perth Amboy Anchorage

site water was 29,640 ~mhos/cm @ 25°C. Although 20 percent

oxic A elutriate showed no change in specific conductance, the

20 percent oxic B elutriate showed a slight increase to

31,800 ~mhos/cm @ 25°C. The values in the 5 percent oxic and

20 percent anoxic elutriates were below that of the site water.

Plop test specific conductance values decreased to about the
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Table 429

General Physical and Chemical Parameters:

Perth Amboy Anchorage Elutriate Tests

20.2-22.2 oC)
Specific

Sample Dissolved Oxygen Cmg/l @ Turbidity Conductance
Designation Inltial Aft er 1'1l x i.n g After Settling pH CNTU) C~mhos/cm @ 25°C)

Elutriate Tests:

Site Water 3.8 - - 7.4 2 . 5 29,640

5% Oxic A 5.7 5.9 4.4 8.1 65 28,350

B 6.0 6.6 4.7 8.1 62 28,080

20% Oxic A 3.2 2.0 0.8 8.0 76 29,680

2.6
<.D
(J1

~ B 3.2 2.8 1.0 8.0 105 31,800

3. 3

20% Anxoic A <0.5 < 0.5 < 0.5 7.9 88 28,620

<0.5 < 0.5 < 0.5 7 . 6 93 28,620

Plop Tests:

Site Water 8.4 - - 7 . 6 6 29,700

A Surface 6.8 6.5 5.2 7 . 7 30 28,620

Bottom 6.8 6.5 5. 0

B Surface 5.5 6.4 5.5 7 . 8 25 28,090

Bottom 5.4 6.4 5.4

A and B are replicates.

Dash C- ) indicates not aDDlirahlp.



same level found in the anoxic and 5 percent oxic elu~

triates.

The general characteristics of Bay Ridge Channel site

water were about the same as that of the two Perth Amboy waters,

though specific conductance was slightly lower. From the D.O.

data during the elutriate tests (Table 430), it appears that the

oxygen demand of the Bay Ridge Channel sediment was about the

same or slightly less than that of the Perth Amboy sediments.

The pH increased slightly as a result of the elu

triations. The turbidity increased to slightly higher levels

after 5 percent oxic elutriation than after 20 percent elutria

tion. The highest turbidity values (about 125 NTU) were found

in the anoxic elutriates.

The specific conductance decreased as a result of 20

percent oxic elutriation but remained unchanged or increased

slightly during 5 percent oxic and 20 percent anoxic tests.

Heavy Metals

Three sediment samples collected from dredging sites

in the Perth Amboy Channel, Perth Amboy Anchorage and Bay Ridge

Channel were analyzed for selected total heavy metal concentra

tions. The data are shown in Table 431.

The manganese concentration in the Bay Ridge Channel

sediment was 183 mg/kg; in the Perth Amboy Channel and Anchorage

sediments concentrations were 99 and 245 mg/kg, respectively.

The iron concentrations in the three sediments ranged from 14

g/kg to 16 g/kg. The zinc ranged from 97 mg/kg to 140 mg/kg,

and lead ranged from 8.9 mg/kg to 84 mg/kg. For the above

elements, Bay Ridge Channel sediment concentrations generally

fell between those of the two Perth Amboy sediments. There

were other patterns. The Bay Ridge sediment had the lowest

concentrations of the three sediments of chromium, nickel,

copper, mercury and arsenic, and Perth Amboy Anchorage sediment

had the highest concentrations. The ranges were 3.2 to 69 mg/kg,
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Table 430

General Physical and Chemical Parameters:

Bay Ridge Elutriate Tests

@ 19.8-20.8oC)
Specific

Sample Dissolved Oxygen (mg/l Turbidity Conductance
Designation Inltial After Mlxing After Settling pH (NTU) (lJrnhos/cm @ 2SoC)

Site Water 3.1 - - 7.5 4.7 28,730

5 % Oxic A 6.0 6.3 5.4 7 .9 82 28,190

B 5.8 6.4 5.4 7.9 81 31,300

20 % Oxic A 2.9 3. 8 O. 9 7.7 68 27,670

<D B 3. 3 4.2 1.3 7 . 7 64 27,670
en
w

20% Anoxic A <0.5 <0.5 <0.5 7 . 8 125 28,350

B <0.5 <0.5 <0.5 7.8 115 31,390

A and B are replicates.

Dash indicates not applicablee



Table 431

Heavy Metal Concentrations: New York Bight Area Sediment Samples

(mg/kg)

Sample Mn Cd Cr Zn Ni Pb Cu -R.. Hg ---f!!
Designation X SD X SD X SD X SD X SD X SD X SD X SD X SD X SD

Perth Amboy
l5.1 12.6Channel 99 72* 1.7 0.6 18 17 140 127 11. 6 9.1 8.9 0.3 380 39 14 5 3.44 0

Perth Amboy
97 84 67 487 102 15 7 4.77 0.18 57.5 17.9Anchorage 245 III 3.3 2.5 69 33 91l 30 20

Bay Ridge
Channel 183 126 6.9 3.4 3.2 2.9* 103 95 2.5 0.7 48 67 257 128 16 10 2.21 0.07 <5 0

Mean and standard deviation calculated from triplicate analyses except for mercury and arsenic which
were calculated from duplicate analyses.

(0

(J"l *g/kg
+:



2 • 5 to 30 ~gik~_,2 S7 to 4 87' mgl~g, 2~ 21 to 4, 77mg!kg, and

~5~to &:.7 :~S -ing/kg for -ohpomium; nickel-, eoppe.r-; -mer-cur-y,

and arsenic. The highest cadmium concentration was found

in the Bay Ridge Channel sediment· (6 0 9 mg!kg) , and the lowest

was found in the Perth Amboy Channel sediment (1.7 mg/kg).

In sununary, of the three sediments,thePerth Amboy

Anchorage sediment wa~ found to be the most heavily contami~

natedwith heavy metals. It had the highest concentration

of seven of the ten metals determined. The Bay Ridge Channel

sediment had the lowest concentration of five of the' ten

metals and the highest concentration of two. The Perth Amboy

Channel sediment had the lowest concentration of four metals

and the highest concentration of one,

Table 432 pr-e sentrs 'the soluble heavy metal concentra

tions of the site and elutriate waters from the elutriate

tests run on these three sediments. The largest release seen

was of iron in one of the Bay Ridge Channel 20 percent oxic

tests. Smaller releases of iron were also seen in the tests

with the two Perth Amboy sediments. Manganese increased in

some tests and decreased in others. Zinc and.copper concentra~

tions decreased.

Only two of the Perth Amboy Channel tests showed re

lease of large concentrations of iron. The site watercon~

tained 8 ~g/l iron, one of the 20 percent oxic elutriates con

tained 689 ~g/l iron,and one 20 percent anoxic elutriate con

tained 248 ~g/l iron. Their duplicates and the 5 percent oxic

elutriates contained from less than 5 to 32 ~g/l iron. The

Perth Amboy Anchorage site water had the highest iron concen

tration of the three, 22 ~g/l. The 20 percent oxjc and anoxic

elutriates ranged in concentration from 48 to 161 ~g/l. The

plop test waters contained 82 and 45 ~g/l iron. The 5 per

cent elutriates contained 25 and 11 ~g/l iron.
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Table 432

Soluble Heavy Metal Concentrations: New York Bight Area Elutriate Tests
(jlg(l)

Sample Mn Cd Cr Zn Ni Pb Cu Fe Hg As
Designation

& SD X SD X SD X SD X SD X SD X SD X SD X SD X SD
•Perth Amboy Channel

Site Water <10 - <0.5 - <2 - 6.1 - <2 - <1 - 3.6 0.6 8 6 0.03 0 2
5% Oxic A 52 12 <0.5 - <2 - 3.0 0.2 <2 - <1 - < 1 - 5 0 0.03 0 <2

B 4.4 a <0.5 - <2 - < 1 - 2.5 0.4 <1 - < 1 - 31 - 0.03 0 3
20% Oxic A 28 a <0.5 - <2 - < 1 - <2 - <1 - < 1 - £b89 - 0.03 0 <2

B 19 12 <0.5 - <2 - < 1 - 2.6 0.1 <1 - 5- 1 - 31 0 0.03 0 <2
20% Anoxic.: A 28 - <0.5 - <2 - < 1 - <2 - <1 - < 1 - 32 8 0.03 0 16 -

B 41f - <0.5 - <2 - < 1 - <2 - <1 - 1.3 - 248 - 0.03 0 13'--

Perth Amboy Anchorage
Elutriate Tests:
Site Water 28 11 <0.5 - <2 - < 1 - <2 - <1 - 3.9 0.1 22 3 0.03 a 4 -

5% Oxic A 36 - 0.7 0 <2 - < 1 - <2 - <1 - < 1 - 25 1 0.03 0 12 -
B 28 11 0.6 - <2 - < 1 - <2 - <1 - < 1 - 11 4 0.05 0 < 2 -

to 20% Oxic A <10 - 0.6 - 7.0 - < 1 - <2 - <1 - 1.0 - 161 10 0.03 0 19 -
en B <10 - <0.5 - <2 - < 1 - 4.1 1.6 <1 - < 1 - 48 7 0.03 0 13 -
0'> 20% Anoxic A 20 - <0.5 - <2 - < 1 - <2 - <1 - 2.8 - 71 15 0.07 a 44 -

B 84 - <0.5 - <2 - < 1 - <2 - <1 - < 1 - 65 4 0.03 0 44 -
Plop Tests:

A 52 23 <0.5 - 7.7 2.9 < 1 - <2 - <1 - < 1 - 82 2 O. 0.3 a 14 -
B 12 11 0.7 0 <2 - < 1 - <2 - <1 - 1.2 - ;45 6 0.07 0.02& 6 -

Bay Ridge Channel
Site Water

5% Oxic A 44 23 <0.5 - 2.6 - 7.4 2.0 <2 - 1.8 - 4c.9 0.1 8 2 0.02 0.014 < 2 -
<10 - <0.5 - 2.8 0.2 1.8 - 3.2 - 2.3 - < 1 - 11 3 0.02 0 < 2 -
<10 - <0.5 - 2.2 0.3 1.2 - <2 0 4.5 1.0 < 1 - 23 2 0.02 0 < 2 -

28 - <0.5 - 2.6 0.1 < 1 - 2.8 0.6 < 1 - < 1 - 1081 - 0.18 0.014 < 2 -
<10 - <0.5 - 2.7 0.6 < 1 - 3.9 1.5 1.6 0.6 < 1 - 679 - 0.02 0 < 2 -
93 - <0.5 - 2.6 0.6 < 1 - 3.2 - 6.0 3.1 < 1 - 1100 - 0.02 0 6 -
76 23 <0.5 - 3.~ 0.3 < 1 - <2 - 3.1 0.4 < 1 - 1286 - 0.02 a < 2 -

A and B are ~eplicates.

Mean and standard deviation calculated from duplicate analyses of one sample.
Dash (-) indioates single analysis or not applicable.



The Bay Ridge Channel site water iron concentration

was 8 ~g/l. The 5 percent oxic elutriates showed some release,

11 to 23 ~g/l, but the 20 percent oxic and an6xic tests showed

the highest release, 679 and 1081 ~g/l in the oxic elutriates

and 1100 and 1286 Ug/l in the anoxic elutriates.

Bay Ridge Channel oxic elutriate tests all resulted

in a decrease in manganese from that present in the site water,

but the 20 percent anoxic tests showed some release (93 and

76 ~g/l, compared to the site water concentration of 44 ~g/l).

All of the Perth Amboy Channel tests showed small releases

with no apparent pattern due to type of test or volume of sedi

ment. The site water contained less than 10 ~g/l manganese

(detection limit), and the elutriates contained f~om 19 to 52

~g/l manganese. The behavior of manganese in the Perth Amboy

Anchorage tests was quite erratic. The site water contained

28 ~g/l, and the elutriates contained from less than 10 to

84 ~g/l manganese. There was release in one of the 5 percent

oxic tests, decreases in the 20 percent oxic tests,and release

in one and decrease in the other duplicate of the 20 percent

anoxic and plop tests.

Zinc and copper decreased or remained unchanged in

all tests. Site water concentrations of zinc ranged from less

than one ~g/l (detection limit) to 7,4 ~g/l, and elutriate

levels ranged from less than one to 3.0 ~g/l. Copper concen

trations in the three site waters ranged "from 3,6 to 4.9 ~g/l,

and elutriate' concentrations ranged from less than 1 to 2.8 Ug/l.

Cadmium concentrations were below the detection limit

(0.5 ~g/l) in' all Bay Ridge Channel and Perth Amboy Channel

elutriates and in Perth Amboy Anchorage site water. There was

release of cadmium in the 5 percent oxic tests for Perth

Amboy Anchorage sediments CO.7 and 0.6 ~g/l, respectively),

Lead concentrations were below the detection limit of 1 ~g/l

in the Perth Amboy Channel and Anchorage site and elutriate
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waters. In the Bay Ridge Channel site water the lead concen

tration was 1.8 wg/l. There was release in the 5 percent oxic

tests (2.3 and 4.5 ~g/l) and in the 20 percent anoxic tests

(6.0 and 3.1 ~g/l). There was uptake or loss of lead in the

20 percent oxic tests (less than 1 and 1.6 ~g/l).

Chromium and nickel concentrations in these elutriate

tests hovered around their detection limits of 2 ~g/l. With the

Perth Amboy Anchorage sediment, there was release of chromium

in one 20 percent oxic (7.0 ~g/l) and one plop duplicate (7.7

~g/l). Concentrations in the Bay Ridge Channel elutriates

ranged from 2.2 to 3.6 Wg/l chromium; the site water contained

2.6 ~g/l chromium. All site waters had nickel concentrations

below the detection limit. There was release in one 20 per

cent oxic Anchorage test (4.1 ~g/l nickel), in two Perth

Amboy Channel oxic tests (2.5 and 2.6 ~g/l nickel),and in four

Bay Ridge Channel oxic and anoxic tests (2.8 to 3.9 ~g/l nickel),

A similar pattern was seen with mercury concentra

tions. The Perth Amboy site waters contained 0.03 ~g/l mercury.

There was no change in the mercury content as a result of elu

triation with sediment. There was some release in three of the

elutriates with the Perth Amboy Anchorage sediment. One of the

20 percent anoxic tests and one of the plop test duplicates con

tained 0.07 ~g/l mercury. One of the 5 percent oxic elutriates

contained 0.05 ~g/l mercury. In the Bay Ridge Channel tests

there were decreases in all but one test, from 0.02 ~g/l mercury

in the site water. One 20 percent oxic elutriate showed up

to 0.18 ~g/l mercury.

The arsenic concentrations were somewhat variable.

The most significant release occurred in the Perth Amboy Anchorage

anoxic tests. This site water contained 4 ~g/l arsenic. The

20 percent anoxic tests resulted in release of up to 44 ~g/l

arsenic. The 20 percent oxic tests with this sediment resulted

in releases of 19 and 13 ~g/l arsenic. Perth Amboy Channel
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site water corrte.Lned. 2 }tg/l ar.se.ndc arid the two anoxic elutriates

contained 16 and 13l-lg!I,a;pseriic. One of the heavy metals tested

that showed substantial I:lelease was iron. Occasionally, theT!e

was some manganese and meI:lcuI:lY release. All of the other heavy'

metals examined showed little OT! no change as a result of elu

triation.

Nitrogen Compounds

The ammonium and organic N data for the Bay Ridge

Channel and Perth Amboy sediments collected aI:le presen"ted in

Table 433. Concentrations of both compounds in all three

sediments were high compaT!ed to many other study sites with

the Perth Amboy Channel sample showing the highest concentra

tions.

The nitrogen compound concentrations for the Perth

Amboy Channel elutriate tests are presented in Table 434. The

ammonium release from this sediment was considerably higher than

that obtained from most other sediments studied for this re

port. However, it should be noted that the site water ammonium

concentration was somewhat higher than that generally observed

in water samples from other sites. Ammonium release was higher

in the oxic elutriates than in the anoxic elutriates and in the

higher percent sediment elutriates, the highest value found

(33 mg N/I)was found in one of the replicates of a 20 percent

oxic replicate. Concentrations were higher under oxic condi

tions and with the greater percent sediment volume. Nitrate

concentrations decreased in all elutriates except in the 5 per

cent oxic A elutriate where it was unchanged from that in the

site water.

Nitrogen compound concentrations for the Perth Amboy

Anchorage tests are presented in Table 435. The site water am

monium concentration was about the same as that observed in the

channel site water, yet ammonium release was about half that

found in the Perth Amboy Channel tests. Here also, the high

est release was obtained ln the 20 percent oxic elutriates."
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Table 433

Organic Nitrogen and Ammonium Data:

New York Bight Area Sediment Samples

(mg N/kg)

Sampling Organic N Ammonium
Location X SD X SD

Perth Amboy Channel 3267 83 628 4

Perth Amboy Anchorage 2490 230 274 40

Bay Ridge Channel 1952 300 235 126

Mean and standard deviation calculated from duplicate analyses.

Table 434

Nitrogen Compound Concentrations:

Perth Amboy Channel Elutriate Tests

(mg Nil)

Sample Organic N Ammonium Nitrate

Designation X SD ~ SD X SD

Site Water A 0.3 0.13 0.60 0.08 0.1 0

B 0.4 0.04 0.54 0.02 0.08 0

5% Oxic A 2 . 4 0.72 10.3 0.44 0.1 0.01

B 1.2 0.31 10.0 0.11 0.08 0.01

20% Oxic A 5.6 1.74 33.0 1.20 0.08 0.01

B 3.3 1.59 2Y. 8 1.20 <0.04

20% Anoxic A 2.8 0.53 15.6 0.21 <0.04

B 2.8 0.86 18.8 0.64 <0.04

A and B are replicates.

Mean and standard deviation calculated using duplicate analyses.
Dash (- ) indicates not applicable.
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Table 4-35

Nitrogen Compound Concentrations: Perth Amboy Anchorage

Elutriate and Plop Tests

(mg Nil)

Sample Organic N Ammonium Nitrate

Designation X SD X SD X SD

Elutriate Tests:

Site Water A 0.2 0.04- 0.63 0.02 0.14- 0.01

5% Oxic A 0.8 0.14- 4-.66 0.07 0.12 0

B 0.7 0.19 4-.4-0 0.13 0.11 0

20% Oxic A 1.5 0.4-1 13.8 0.21 0.06 0.01

B 1.8 0.90 14-.4- 0.57 0.06 0.01

20% Anoxic A 0.3 0.39 9.90 0.32 0.1 0

B 0.6 0.18 8.78 0.09 0.1 0.01

Plop Tests:

Site Water B 0.2 0.03 0.68 0.01 0.2 0

Plop Test A 0.7 0.07 3.04- 0.04- 0.2 0

B 0.6 0.06 3.24- 0.02 0.1 0.01

A and B are replicates.

Mean and standard deviation calculated using duplicate analyses.
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The releases in the anoxic tests were less than those in the

20 percent oxic elutriates but higher than those in the 5

percent oxic elutriates. The ammonium releases from the plop

tests were less than those found in the 5 percent elutriates.

Nitrate decreased as a result of elutriation for

all the elutriate test samples. Plop test concentrations

resembled that of the site water. The results from the 5 per

cent oxic samples closely approximated the results from the

plop tests. Organic N concentrations in the plop test samples

were somewhat lower than in the 5 percent elutriates. Concen

trations were higher in oxic than in anoxic elutriates.

The nitrogen compound concentrations for the Bay

Ridge Channel elutriate tests are presented in Table 436.

Ammonium release was less than that obtained from the other

two sediments, although all three site waters had comparable

concentrations. The Bay Ridge Channel tests also showed the

same general pattern of higher ammonium release under oxic

conditions and with a higher sediment percentage. Nitrate

concentrations decreased to a similar extent in 20 percent

oxic and anoxic elutriates. Again, very little decrease in

nitrate concentration was observed in the 5 percent tests.

Organic N showed higher concentrations under anoxic conditions.

It was not possible to determine the effect of the sediment

volume on organic N concentration because of wide variation

in the duplicate 5 percent tests.

Phosphorus Compounds

Presented in Table 437 are the total phosphorus

concentrations of the three New York area dredging site

sediment samples. The Perth Amboy Channel and Anchorage

sediments contained about the same concentrations of phos

phorus. The concentration in the Bay Ridge sample (1186

mgP/kg) was about half those in the Perth Amboy samples.

Soluble orthophosphate concentrations in Perth

Amboy Channel elutriates are shown in Table 438. Duplicate
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Table 436

Nitrogen Compound Concentrations: Bay Ridge

Channel Elutriate Tests

(mg Nil)

Sample Organic N Ammonium Nitrate

Designation X SD ~ SD X SD

Site Water 0.4 0.09 0.56 0 0.1 0

5% Oxic A 0.2 0.10 2.43 0.08 0.] 0

B 0.4 0.16 2.96 0.11 0.1 0.01

20% Oxic A O. 2 0.08 8.40 0.08 0.05 0

B 0.2 0.17 7.46 0.14 0.04 0

20% Anoxic A o. 7 0.15 5.24 0.09 0.04 0.01

B 0.6 0.36 5.50 0.09 0.06 0

A and B are replicates.

Mean and standard deviations calculated from duplicate analyses.

Table 437

Total Phosphorus Content: New York Bight

Area Sediment Samples

Sampling

Location

Perth Amboy Channel

Perth Amboy Anchorage

Bay Ridge Channel

Total Phosphorus
(mg P/kg dry weight)

X SD

2136

2384

1186

Dash (-) indicates not applicable.

*Mean and standard deviation calculated from duplicate
analyses of one digested sample. Other sediments
were subjected to only.single analysis.
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Table 438

Soluble Orthophosphate Concentrations:

Perth Amboy Channel Elutriate Tests

Sample Soluble Orthophosphate

Designation (mg P/l)

X SD

Site Water 0.25 0.001

5% Oxic A 0.04 0

B 0.04 0

20% Oxic A 0.11 0

B 0.05 0

20% Anoxic A 0.32 0.001

B 0.73 0

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

5 percent oxic tests ortho P concentrations showed good repro

ducibility; the 20 percent sediment tests did not. In gen

eral, the oxic tests showed decreases of soluble ortho P as a

result of elutriation. Concentrations decreased from 0.25 mg

P/l in the ~ite water to 0.04 mg P/l in the 5 percent elutri

ates and to' 0.05 and 0.11 mg P/l in the 20 percent oxic elu

triates. As shown in Table 428, D.O. concentration in the 20

percent oxic B test both after mixing and after settling, was

greater than that in 20 percent oxic replicate A. Although

the difference was small (1 to 2 mg/l) , it might have influ

enced the amount of orthophosphate decrease realized. The

anoxic tests showed release of soluble orthophosphate.
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Table 439 presents the soluble orthophosphate con-·

'centrations found in Perth Amboy Anchorage site water and

elutriates. The site water <0.14 mg P/I) had a lower concen

tration than did the Perbh Amboy Channel water. The 5 percent

oxic elutriate test showed a rlecrease in soluble ortho P; the

concentration in these elutriates was 0.055 mg P/I. The 20 per

cent oxic and the plop tests showed about the same release of

snluble ortho P. Their concentrations ranged from 0.23 to

0.46 mg PII, representing approximately 2 to 3-fold increases

over that of the site water. The greatest release was found

under anoxic conditions. Concentrations in the anoxic elu

triates were about 4 mg P/I.

Of the three New York dredging site waters analyzed,

the Bay Ridge Channel site water (Table 440) had the lowest

concentration, 0.094 mg P/l. The effect of 5 percent oxic

elutriation on soluble ortho P concentrations was unclear.

Both replicates showed different patterns. The difference in

elutriate concentrations did not appear to be related to

oxygen conditions during the test. Since concentrations in

the previous New York 5 percent oxic elutriates were typically

lower than those in the 20 percent oxic tests, it is likely

that the 5 percent oxic B value may be in error. There

appeared to be a decrease in soluble orthophosphate as a

result of 20 percent oxic elutriation. Anoxic elutriation

showed release of soluble ortho P to about 1 mg Pil in the

elutriate.

Organic Compounds

Table 441 presents the results of chlorinated

hydrocarbon pesticides and PCB analyses on Perth Amboy Chan

nel.sediments, site waters, and elutriates. Aldrin, pp'DDT,

pp'DDD, op'DDE, pp'DDE, dieldrin, heptachlor, lindane, and

PCBs were detected in the sediment. The concentrations of
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Table 439

Soluble Orthophosphate Concentrations: Perth Amboy

Anchorage Elutriate and Plop Tests

Sample
Designation

Soluble Orthophosphate
(mg P/l)

SD

calculated from duplicate analyses

Site Water

Elutriate Tests:

5% Oxic A
B

20% Oxic A
B

20% Anoxic A
B

Plop Tests:
A
B

A and B are replicates.

Mean and standard deviation
of one sample.

0.14

0.053
0.055

0.29
0.23

4.2
3 • 6

0.46
0.31

0.001

0.001
o

0.001
0.001

0.01
0.02

0.001
0.006

Table 440
Soluble Orthophosphate Concentrations:

Bay Ridge Channel Elutriate Tests

Sample Soluble Orthophosphate
Designation (mg P/l)

X SD

Site Water 0.094 0.001

5% Oxic A 0.042 0
B 0.53 0.004

20% Oxic A 0.061 0.001
B 0.53 0.001

20% Anoxic A 1.2 0
B 0.92 0

A and B are replicates.

Mean and standard deviation calculated from duplicate analyses
of one sample.
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Table 441

Data for Organic Compounds and Related Parameters:

Perth Amboy Channel· Elutriate Tests

Parameter Sediment Site Elutr.iateWater
(lJg!kg) (ng!l) (ng!l)

Chlorinated Hydrocarbons:

Aldrin 13.3 <0.6 < 0.6

oplDDT <1.6 <3.0 <3.0

PP'DDT 2.0 <3.0 <3.0

oP'DDD <2.0 <2.0 <2.0

PP'DDD 38.2 <2.0 <2.0

op'DDE 9. 6 <2.0 <2.0

PP'DDE 16.3 <2.0 <2.0

Dieldrin 13.1 <1.2 <1.2

Endosulfan I <0.9 <1.2 <1.2

Endosulfan II <3.4 <4.4 <4.4

Endrin <1.2 <1.6 <1.6

Heptachlor 5.9 <0.4'': <O.4 1¢

Lindane 5.8 < 0 . 31¢ <O.3"¢

PCBs 1078 <6 69
- - - -~.- - ~ - - - - - - - - - - - ~ -- - ... - - - _ - - _ - -= ..... CllIB c:.o ...;. _

Other Organic Compounds (mg/1) (mg/1)

Oil and grease 4044 mg/kg < o. 5 < 0.5

TOC 3.5% 19 48

Soluble TOC 15 39

Total Inorganic Carbon 0.3% 22 47

Soluble TIC 22 47

Dash (-) indicates not applicable.

*Compound detected on both columns but below detection limit.
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pesticides ranged from 2.0 ~g/kg pp'DDT to 38.2 ~g/kg pp'DDD.

The concentration of total PCBs was 1078 pg/kg. The oil and

grease concentration was 4044 mg/kg and TOC was 3.5 percent.

In the site water, only heptachlor and lindane

were detected, but they were below measurable quantities.

The TOC was 19 mg/l and the soluble TOC was 15 mg/l. Oil

and grease was <0.5 mg/l. There was no release of pesticides

during the elutriate test but there was a release of PCBs.

The concentration of PCBs was 69 ng/l, and there was a cor

responding increase in soluble TOC to 39 mg/l. The TOC was

48 mg/l.

A 20 percent oxic elutriate test was run on Perth

Amboy Anchorage samples; the results of the analyses are pre

sented in Table 4429 Aldrin, pp'DDT, pp'DDD, op'DDE, pp'DDE,

dieldrin, heptachlor, lindane, and PCBs were detected in the

sediment~ Pesticide concentrations ranged from 1.0 ~g/kg

(dieldrin) to 19.3 Ug/kg (aldrin). The PCB value (1760

Ug/kg) was slightly higher than found in the Perth Amboy

Channel sediments. The oil and grease level was 2091

mg/kg which was about half the value found in the Perth Amboy

Channel sediments.

The water contained no detectable pesticides but

PCBs were present at a concentration of 17 ng/l. During

the elutriate test on this sample, pesticides released were

pp'DDD (20~5 ng/l), pp'DDE (5.3 ng/l), heptachlor (4.5 ng/l),

and lindane (4.6 ng/l). PCBs (81 ng/l) were also detected

in the elut~iate. The TOC was 8 mg/l in the site water and

27 mg/l in the elutriate. The soluble TOC showed a slight

increase from 7 mg/l in the-site water to 10 mg/l in the

elutriate.

A20 percent oxic elutriate test was run on Bay

Ridge Channel samples. Table 443 shows that aldrin, pp'DDT,

pp'DDD, op'DDE, pp'DDE, heptachlor, lindane, and PCBs were

detected in the sediment. The concentrations of these compounds
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Table 442

Data for Organic Compounds and Related Parameters:

Perth Amboy Anchorage Elutriate Tests

Parameter Sediment
Site

ElutriateWater
(lJg/kg) (ng/l) (ng/l)

Chlorinated Hydrocarbons:

Aldrin 19.3 <0.6 <0.6

op'DDT <1.6 <3.0 <3.0

PP'DDT 14.0 <3.0 <3. Of:

oP'DDD <2.0 <2.0 <2.0

PP'DDD 17.5 <2.0 20.5

op'DDE <2.0 ~~ <2.0 <2.0

PP'DDE 2.5 <2.0 5.3

Dieldrin 1.0 <1.2 <1.2

I:ndosulfan ] <0.9 <1.2 <1.2

Endosulfan II <3.4 <4.4 <4.4

Endrin <1.2 <1.6 <1.6

Heptachlor 9.9 <0.4 4.5

Lindane 7 . 3 <0.3 4.6

PCBs 1760 17 81

Other Organic Compounds (mg/l) (mg/l)

Oil and grease 2091 mg/kg 0.7 1

TOe 3.2% 8 27

Soluble TOC 7 10

Total Inorganic Carbon 0.2% 23 32

Soluble TIC 22 32

Dash (-) indicates not applicable.

*Compound detected on both columns, but below the detection limit.
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Table 443

Data for Organic Compounds and Related Parameters

Bay Ridge Channel Elutriate Tests

Parameter Sediment Site Elutriate
Water

(~g/kg) (ng/l) (ng/l)
Chlorinated Hydrocarbons:

Aldrin 22.7 9.2 <0.4

op'DDT <1.6 <3.0 <3.0

PP'DDT 66.0 <3.0 <3.0

oP'DDD <2.0 <2.0 <2.0

PP'DDD 47.0 <2.0 <2.0

OP'DDE 4.4 <2.0 <2.0

PP'DDI: 13.0 <2.0 5. 2"

Dieldrin <0.8 <1.2 <1.2

I:ndosulfan I <0.9 <1.2 <1.2

Endosulfan II <3.4 <4.4 <1.2

Endrin <1.2 <1.6 <4.4

Heptachlor 14.6 <0.4 5.3

Lindane 16.7 5.0 4.5

PCBs 1820 8 86

Other Organic Compounds (mg/l) (mg/l)

Oil and grease 826 mg/kg <0.5 ~

TOC 3. 2% 15 79

Soluble TOC 9 62

Total Inorganic Carbon 0.4.. % 22 39 "

Soluble TIC 21 39

Dash (-) indicates not applicable.
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we!".e, 22.7,66.0,47.0, 4.4~13.0, 14.•6,16.7, and ~820

~g/kg, respectively. The oil and grease value (826 mg/kg)

was considerably lower than that of the Perth Amboy samples,

while the total organic carbon (3.2 percent) was about the

same. The site water contained aldrin (9.2 ng/l), lindane

(5.0 ng/l), and PCBs (8 ng/l). The oil and grease concentra

tion was below the detection limit of 0.5 mg/l. The TOC was

15 mg/l and soluble TOC was 9 mg/l. In the elutriate, pp'DDE

(5.2 ng/l), heptachlor (5.3 ng/l), and PCBs (86 ng/l) were

released. The aldrin concentration was reduced to below the

detection limit (0.4 ng/l), and the lindane concentration

(4.5 ng/l)remained about the same as that in the site water.

The oil and grease concentration was 4 mg/l,and TOC and soluble

TOC increased to 79 mg/l and 62 mg/l, respectively.

Bioassays

Sediments collected form Bay Ridge Channel, Perth

Amboy Anchorage, and Perth Amboy Channel were also used for elu

triate test bioassays. Based on the results of the elutriate

test bioassays conducted on these sediments, it was decided

that a second set of sediment samples should be taken Tram

Perth Amboy Channel to determine the effect of sediment sample

variation on bioassay results.

The physical and chemical characteristics of the

elutriate test bioassays on Bay Ridge Channel sediments are pre

sented in Table 444. The data presented in this table reveal

increases in turbidity and ammonium content and a reduction in

D.O. and pH in both the 5 and 20 percent sediment tests. The

release of ammonium to the bioassay elutriate waters ranged

from approximately .5 mg/l in the 5 percent tests to over

7 mg/l in the 20 percent tests. Increases in turbidity were

observed in both the 5 and 20 percent tests and ranged from

75-80 NTUs. The pH of the bioassay elutriate waters decreased

as a function of the percent sediment used. Decreases in D.O.

content ranged from 3.5 to 5.7 mg/l in the 5 and 20 percent

sediment tests, respectively, indicating a high oxygen demand.
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A and B are replicates.

*Reading taken at end of one-hour settling period.

**For all bioassay elutriates, concentrations of unionized ammonia calculated from
Skarheimts 9 tables for ammonia in undissociated form.



The results of the bioassay using Bay Ridge Channel

sediment elutriates are presented in Table 445. Examination of

this table shows variable results for the 5 percent sediment

tests with mortalities ranging from zero to 50 percent at the

end of 96 hours in the replicate tests. Limited toxicity was

observed in the 20 percent tests with a single organism dying

in one of the replicates. Based on the highly variable re

sults in the 5 percent sediment tests, these results should be

considered invalid.

Table 446 shows the ammonium content of the bio

assay waters at the completion of the 96-hour test period.

Examination of the data presented in Table 446 shows that the

ammonium content" of the controls and those tests which utilized

a 20 percent sediment of total elutriate volume increased

while the 5 percent sediment tests showed a decrease in am

monium content during the 96-hour test period.

Table 447 presents the concentrations of D.O. in

the bioassay elutriate waters from Bay Ridge Channel sediments.

The data indicate that the one-hour aeration period following

settling was not sufficient early in the test period to keep

the level of D.O. above 4 mg/l in the 20 percent tests. Sub

sequent ae~ation periods were increased to two hours per day

to maintain a D.O. concentration greater than 4 mg/l throughout

the 24-hour aeration cycle.

The physical and chemical characteristics of the bio

assay elutriate waters for Perth Amboy Anchorage sediments are

presented in Table 448. The data show that the concentrations

of ammonium and turbidity increased while the pH and D.O. con

tent of the bioassay elutriate waters decreased. The increase

in total ammonium ranged from approximately 5.5 mg/l in the 5

percent sediment tests to 7.4 mg/l in the 20 percent sediment

tests. Increases in turbidity were observed in botn the 5

and 20 percent sediment tests with the higher levels of tur

bidity being bbserved in the 5 percent tests. The D.O. data



Table 445

Response ofF. pugio to Varying Sediment Percent of Total

Elutriate Volume as a Function of Time:

Bay Ridge Channel ETutriate Bioassays

Time Number of !:. pugio Living at Varying Sediment Percentages

(hr) Controls 5% 20%
A B A B A B

CD 0 10 10 10 10 10 10
-...J
+:" 12 10 10 10 9 10 10

24 10 10 10 9 10 9

36 10 10 10 9 10 9

48 10 10 10 8 10 9

60 10 10 10 8 10 9

72 10 10 10 8 10 9

84 10 10 10 7 10 9

96 10 10 10 5 10 9

A and B are replicates.



Table 446

Ammonium Content of the Bay Ridge Channel Sediment

Elutriate Bioassay Waters at the Completion of

the 96-Hour Test Period

(@ 20°C)

Sample pH Total Unionized
Designation Ammonium Ammonia

(mg NIl) (mg NIl)

Control A 8.2 0.06 <0.01

B 8.2 0.07 <0.01

5% A 7.8 3.45 0.06

B 7.7 3.33 0.04

20% A 7.5 9.10 0.08

B 7.5 9.38 0.08

Table 447

Dissolved Oxygen Concentrations over Test Period:

Bay Ridge Channel Elutriate Bioassays

(mg/l @ 20-21oC)

Time Control 5% 20%
(hr) A B A B! A B

?

0 7.0 7.1 3.7 3 . 5 1.5 1.1

1* 7.3 7 .. 2 6.2 6 . 3 6.1 6.1

24 6.2 6.8 3.1 2.7 2.8 2.4-

48 6.0 6.5 4.2 4.5 4.0 4.3

72 5.9 6.4 4.4 4.4 4.2 4.5

96 6.1 6.6 4.7 4.6 4.1 4.5

A and B are replicates

*Measurements taken after first hour of aeration.
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Table 448

Physical and Chemical Characteristics:

Perth Amboy Anchorage Bioassay Elutriates~':

Dissolved Specific Total Unionized
Sample Oxygen Conductance Ammonium Ammonia Turbidity Salinity

Designation pH ( mg I 1 @ 2 0- 21 0 C) (~mhos/cm) (mg Nil) (mg Nil) (NTU) (0/00)

Control A 8.2 7.0 42,100 0.03 <0.01 <1 30

B 8.2 7.1 42,000 0.03 <0.01 <1 30
(0

<,

......;]
0')

5% A 8.0 3.2 42,200 5.29 0.15 57 30

B 7 .8 3.1 42,200 5.86 0.11 72 30

20% A 7.8 1.5 42,000 6.96 0.12 38 30

B 7.9 1.3 42,000 7.94 0.18 27 30

A and B are replicates.

*Readings taken at end of one-hour settli~g period.



presented in Table 448.show decreases in D.O. concentrations

with corresponding increases in percent sediment of total

elutriate volume. Decreases in D.O. ranged from 4.0 mg/l In

the 5 percent sediment test to 5.5 mg/l in the 20 percent

sediment tests.

The results of the bioassay using P. pugio with

Perth Amboy Anchorage sediment elutriate are presented In

Table 449. The data show limited toxicity to K. pugio with

30 percent of the organisms dying in both the 5 and 20 percent

tests over the 96-hour test period. The response of P. pugio

was slightly faster in the 20 percent sediment tests. No

additional mortalities occurred after 60 hours of exposure.

Table 450 presents the D.Oe concentrations of the

bioassay elutriate waters throughout the 96-hour test period.

The data show that the one-hour aeration period following the

initial settling period was not sufficient to keep the level

of D.O. above 4 mg/l throughout the 24-hour aeration cycle for

the 5 and 20 percent tests. Subsequent aeration periods were

increased to two hours. The additional one-hour aeration of

the bioassay elutriate waters seems to have satisfied the high

oxygen demand of the sediment enough to keep the D.O. concen

tration of the waters above 4 mg/l throughout the remaining

24-hour aeration cycles.

The ammonium content of the bioassay elutriate waters

at the completion of the 96-hour test period are presented In

Table 451. Examination of the data reveals that the total am

monium content of the controls and that of the 20 percent sedi

ment tests increased while the concentration of total ammonium

decreased in the 5 percent sediment tests.

Table 452 shows the physical and chemical parameters

of the bioassay elutriate waters for Perth Amboy Channel sedi

ments after the one-hour settling period. Examination of the

data show increases in the total ammonium and turbidity levels

and decreases in pH and D.O. content of the bioassay elutriate

waters. The release of ammonium to the bioassay elutriate
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Table 449

Response of P. pugio to Varying Sediment Percent of Total

Elutriate Volume as a Function of Time:

Perth Amboy Anchorage Elutriate Bioassays

Number of ~. pugio living at Varying Sediment Percentages
Time Controls(hr) 5% 2rr~

A B A B A B

0 10 10 10 10 10 10

12 10 10 10 10 9 10

24 10 10 9 10 9 9

to 36 10 10 8 10 8 9
.....,J

ex> 48 10 10 8 9 8 9

60 10 10 8 7 8 7

72 10 10 8 7 8 7

84 10 10 8 7 8 7

96 10 10 8 7 8 7

A and B are replicates.



Table 450

Dissolved Oxygen Concentrations over Test Period:

Perth Amboy Anchorage Elutriate Bioassays

(mg/l @ 20;;;;;21C?C)

Time Control 5% 20%
(hr) A B A B A B

0 7.0 7.1 3.2 3.1 1.5 1.3
l':t'~ 7.3 7.2 5.3 5,,7 5.4 5.9

24 6.2 6.8 2.0 2.3 3,,3 2.3

48 6.0 6.5 4.1 4.4 4.2 4.7

72 5.9 6.4 4.0 4.6 5.0 4.6

96 6.1 6.6 4.2 5.0 4.8 5.0

A and B are replicates.

*Measurements taken after first hour of aeration.

Table 451

Ammonium Content of the Perth Amboy Anchorage Sediment

Elutriate Bioassay Waters at the Completion of

the 96-Hour Test Period

(@ 20o C)

Sample
Designation

Control A

B

5% A

B

20% A

B

pH

8.2

8.2

8.0

7.8

7.8

7.9

Total
Anunonium

(mg Nil)

0.06

0.07

4.35

3.36

8.22

8.71

Unionized
Anunonia

(mg Nil)

<0.01

<0.01

0.11

0.06

0.14

0.18

A and B are replicates.
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Table 452

Physical and Chemical Characteristics:

Perth Amboy Channel Bioassay Elutriates*

Dissolved Specific Total Unionized
Sample Oxygen Conductance Ammonium Ammonia Turbidity Salinity

Designation pH (mg/l@ 20°C) (]..lmhos/cm) (mg Nil) (mg Nil) (NTU) (0100)

Control A 8.2 7 .5 38,800 0.02 <0.01 <1 29

<.D B 8.2 7.4 38,800 0.03 <0.01 <1 29
<X>
0

5% A 7.9 4.1 37,800 8.97 0.19 72 28

B 7 . 9 4.7 37,700 7.67 0.16 67 28

20% A 7 .8 1.6 36,900 25.0 0.42 56 27

B 7 . 6 1.4 37,100 18.8 0.20 72 27

A and B are replicates.

*Readings taken at end of one-hour settling period.



waters ranged from approximately 8 mg/l in the 5 percent

sediment tests to 20 mg/l in the 20 percent sediment tests.

Increases in turbidity levels were obtained in both the 5 and

20 percent sediment tests with increased levels ranging from

50 to 70 NTUs. The pH of the bioassay elutriate waters, after

the one-hour settling period, appeared to decrease with in

creased sediment percent of total elutriate volume. Decreases

in D.O. concentration ranged from 3 to 6 mg/l in the 5 and 20

percent sediment tests, respectively.

The results of the bioassay using Perth Amboy Channel

sediment elutriates are presented in Table 453. The data show

toxicity in each replicate bioassay with mortalities ranging

from 20 to 40 percent in the 5 percent sediment tests to 60

percent in the 20 percent sediment tests for the 96-hour test

period. No mortalities were observed until after P. pugio had

been exposed to the elutriate waters in the presence of the

dredged sediments for 60. hours.

The D.O. concentrations of the bioassay elutriate

waters over the 96-hour test period are shown in Table 454.

Based on the results of bioassays on Bay Ridge Channel and

Perth Amboy Anchorage elutriates, the daily aeration periods

of the bioassay elutriate waters utilizing Perth Amboy Channel

sediments were increased to two hours. The data show that

the two-hour aeration periods were sufficient to keep the

D.O. of the bioassay elutriate waters above 4 mg/l.

Table 455 shows the ammonium concentration of the

bioassay elutriate waters at the end of the 96-hour test period.

Examination of the data presented in this table shows increases

in the control group from the concentrations measured immediately

following the one-hour settling period. The ammonium concen

trations present in the waters of the 5 and 20 percent tests did

not differ from the concentrations measured after the one-hour

settling period with the exception of the 20 percent A sample

which showed a decrease of approximately 6 mg/l.
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Table 453

Response of P. pugio to Varying Sediment Percent of Total

Elutriate Volume as a Function of Time:

Perth Amboy Channel Elutriate Bioassays

Number of P. pugio Living at Varuing Sediment Percentages
Time -
(hr) Controls 5% 20%

A B A B A B

0 10 10 10 10 10 10

ill 12 10 10 10 10 10 10
co
N 24 10 10 10 10 10 10

36 10 10 10 10 10 10

48 10 10 10 10 10 10

60 10 10 9 10 6 8

72 10 10 7 9 6 4

84 10 10 6 8 5 4

96 10 10 6 8 4 4

A and B are replicates.



Table 454

Dissolved Oxygen Concentrations over Test Period:

Perth Amboy Channel Elutriate Bioassays

(mg/l @ 20 oC)

Time Control 5% 20%
(hr)

A B A B A B

0 7.5 7.4 4.1 4.7 1.6 1.4

Ii' 7.8 7 . 8 7.1 6.4 6.3 5.9

24 7.3 7.1 4.8 5.1 4.3 4.2

48 6.8 6.7 4.4 4.5 4.1 4.1

72 6.7 6.7 4.4 4.4 4.0 4.2

96 6.5 6.3 4.2 4.4 4.1 4.0

A and Bare replicates.

Table 455

Ammonium Content of the Perth Amboy Channel Sediment

Elutriate Bioassay Waters at the Completion of the

96-Hour Test Period

(@ 20 o C)

Sample pH Total Unionized
Designation Ammonium Ammonia

(mg Nil) (mg Nil)

Control A 8.2 0.19 <0.01

B 8.2 0.18 <0.01

5% A 7 . 9 8.65 0.18

B 7 . 9 7.77 0.16

2 O~o A 7.8 19.0 0.32

B 7 . 6 20.4 0.22

A and B are replicates.
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Additional sampling within the Perth Amboy Channel

was conducted on November 23, 1976. The sediment samples used

in these bioassays were taken approximately 1000 feet from one

another in the middle of the Perth Amboy Channel. The Site 2

sediment was from the same location as the previously tested

Perth Amboy sample. The locations of these sites are depicted

in Figure 139 as PA 1, PA 2, and PA 3.

The bioassays, initiated on November 30, were run as

described in the procedures section with one exception; the

length of exposure was extended to 16 days. They extended ex

posure period was maintained without replacement of the water

following the initial 96-hour exposure. Feeding was initiated

after 96 hours. Day-old Artemia nauplii were fed to the grass

shrimp on a daily basis prior to aeration. Following the

initial 96-hour exposure, observations of mortality were made

on a daily basis.

Table 456 presents the chemical and physical char

acteristics of the elutriates used in the static bioassays.

The data show that the total ammonium nitrogen in the 20 per

cent sediment tests ranged from 2 to 30 mg/l. The largest

release of total ammonium nitrogen occurred in the tests using

sediment from Site 2. In addition, the data show that for

each sediment tested, turbidity increased while D.O., pH, and

salinity decreased.

The initial low D.O. concentrations were raised to

between 6 and 7 ~g/l by a one-hour aeration of the elutriate

water before the addition of test organisms. Table 457 shows

the D.O. qontent of these elutriates throughout the 16-day

exposure period. The data indicate that the one-hour aeration

periods were sufficient to keep the D.O. content of the elu

triate waters above 4 mg/l.

The results of the heavy metal analyses of these

elutriates are presented in Table 458. The data show that

the only metal released in substantial amounts from each

site's sediment was iron, while small amounts of lead were
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Table 456

Physical and Chemical Characteristics:

Perth Amboy Channel Bioassay Elutriates*

Dissolved Specific Total Unionized
Sample Oxygen Conductance Ammonium Ammonia Turbidity Salinity

Designation pH (mg/l@ 20°C) ().lmhos/cm) (mg Nil) (mg Nil) (NTU) (°/00)

Control A 8.1 7 .3 39,500 <0.01 <0.001 <1 29
B 8.1 7 . 2 39,600 <0.01 <0.001 <1 29
C 8.1 7.3 39,500 <0.01 <0.001 <1 29

(0

co Site 1 A 7 . 9 3. 3 38,300 4.5 o.09 58 29en
B 7 .9 2. 8 38,200 4.8 0.10 40 29
C 7.9 2.9 37,800 3.7 o.08 65 28

Site 2 A 7 . 5 1.6 37,900 18.0 0.15 72 28
B 7 . 7 1.9 37,800 28.0 o. 37 29 28
C 7 . 5 1.7 38,100 30.6 0.26 52 29

Site 3 A 7 .9 3. 0 38,400 2.4 0.05 82 29
B 7 . 9 3. 8 38,600 2.3 0.05 76 29
C 7 . 9 3.2 38,400 2.8 0.06 76 29

A, Band C are replicates.

*Readings taken at end of one-hour settling period.



Table 457

Dissolved Oxygen Concentrations over the 16-Day Test Period:

Perth Amboy Channel Bioassay Elutriates

(mg/l @ 20 oC)

Time",
Controls Site 1 Site 3 Site 2

(hr) A B C A B C A B C A B --C

0 7. 3 7.2 7 .3 3.3 2 . 8 2.9 1.6 1.9 1.7 3 .0 3 .8 3 .2
1":';' 7.4 7.3 7.5 6.3 6.6 6.9 7.1 6.8 6.4 6.9 6.6 6.1

24 6. 3 6.3 6.4 4.2 4.1 4.1 4.1 4.2 3. 9 4.1 3.9 3 .7
48 6.6 6.5 6.6 4.8 4.8 4.7 4.7 4.6 4.7 4.5 4.3 4.1
72 6.3 6.2 6.2 4.5 4.8 4.6 4.4 4.4 4.2 4.6 4.5 4.7
96 6.4 6.5 6.4 4.7 4.8 4.6 4.6 4.8 4.6 4.7 4.5 4.5

<..0 120 6.3 6.3 6.3 4.5 4.8 4.7 4.5 4.6 4.6 4.8 4.6 4.4co
(J) 144 6.6 6.3 6.5 4.7 4.5 4.9 4.7 4.8 4.7 4.9 5.0 4.5

168 6.4 6.4 6.3 4.8 4.7 4.9 4.5 4.7 4.7 4.9 4.7 4.9
192 6.7 6.4 6 .5 5.1 5.5 5 .6 5 .5 5.4 5 .5 5.4 5.0 4.8
216 6.2 6.0 6.0 4.7 4.7 4.6 4.6 4.5 4.4 4.9 4.3 4.7
240 6.1 6.1 5.8 4.8 4.7 4.9 4.6 4.4 4.5 5.1 4.8 4.8
264 6.3 6.2 6.1 5.1 4.8 5. 0 4.9 4.9 4.8 5.2 5.1 5.3
288 6.3 6.3 6.0 5.1 4.9 4.8 5. 0 4.8 5 .0 5 .0 4.9 5. 3
312 6.4 6.1 6.2 5.3 4.9 5.1 5. 3 5.1 5.1 5.0 5.0 5 .2
336 6.2 6.4 6.3 5. 2 5. 2 5.0 5. 0 5.4 5.1 5.2 5.0 5.2
360 6.3 6.2 6.4 5.4 5.2 5. 3 5. 2 5.0 5.4 5. 2 5.4 5. 3
384 6.4 6.5 6.2 5. 3 5.2 5.0 5.4 5.3 5.4 5.4 5.4 5 .2

A, B, and C are replicates.

*Measurements taken before daily one-hour aeration period.

**Measurements taken after one-hour aeration period.



Table 458

Release of Heavy Metals: Perth Amboy Channel Bioassay Elutriates

(~g/l)

Sample
Designation Mn Cd Cr Zn Ni Pb Cu Fe

Control A <10.0 1.4 <2.0 62.0 40 6.6 270 33

B 15.4 1.7 <2.0 51.9 41 8.4 261 46

C 12.5 2.0 <2.0 41.0 39 9.6 252 71

Site 1 A <10.0 0.7 <2.0 9.7 10.9 12.3 15.6 1537

to B <10.0 0.6 <'2.0 5.1 8.8 11.1 12.0 1170
ex>
'-J C <10.0 0.6 <2.0 8.0 11.8 8.4 13.8 1974

Site 2 A <10.0 0.6 <2.0 20.7 11.5 17.7 25.4 1536

B 12.5 0.9 <2.0 18.6 16.3 14.7 21.1 1546

C <10.0 0.6 <2.0 14.3 17.8 12.0 20.8 1464

Site 3 A 12.5 0.6 <2.0 6. 5 11.5 8.1 14.1 2637

B - - - - - - - 2568

C <10.0 0.5 <2.0 8.0 12.5 9.3 14.9 2838

A, B, and C are replicates.

Dash (-) indicates analysis not performed.



released from Site 2 sediments. A decrease in cadmium, zinc,

nickel, and copper was observed in all three bioassay elutri

ates. No changes from the control concentrations were observed

for manganese and chromium in any of the bioassay elutriates.

The results of the bioassays of ~. pugio are pre

sented in Table 45.9. Examination of the data shows limited

toxicity to ~. pugio over the first 96 hours of exposure to

Sites I and 3 sediment elutriates. The bioassays using

sediment from Site 2 showed a higher toxicity with 40 percent

of the test animals dying in each replicate after 96 hours of

exposure.

The additional 12-day exposure of ~. pugio to Perth

Amboy Channel sediment bioassay elutriates resulted in 10 to

13 percent increased mortality. The bioassay tests were termi

nated after 16 days due to the death of an organism in one of

the control replicates.

Hopper Dredge Studies

Forty-four samples of the material In the hoppers

of the Corps of Engineers hopper dredge Essayons were collected

during dredging in the Perth Amboy and Bay Ridge Channels for

the dumps monitored on August 31 and September 1, 1976, re

spectively. Each sample was taken with a bucket on a rope which

was lowered into the surface of the slurry in the hopper. These

samples were packed in insulated containers and air-freighted

to Dallas. They were stored in the dark at 4°C until analysis.

Half of each sample was centrifuged and the supernatant was fil

tered through a 0.45 micron pore size millipore filter. These

portions were analyzed as water samples, and the unfiltered half

was analyzed as sediment.

Percent Settleable Solids

Tables ~60 and 461 present percent settleable solids

and pH data for the hopper samples. The pH of these samples

varied from 7.0 to 7.9 with no noticeable pattern. The per

cent settleable solids content of the Perth Amboy samples
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Table 459

Response of P. pugio to Perth Amboy Channel Bioassay*

Elutriates as a Function of Time

Time Number of P. pugio Living
(hr) Controls Site 1 site--~ ----s-ite 3

A B C A B C A B C A B C

0 10 10 10 10 10 10 10 10 10 10 10 10
12 10 10 10 10 10 10 10 10 10 10 10 10
24 10 10 10 10 10 10 10 10 10 10 10 10
36 10 10 10 10 10 10 10 10 10 10 10 10
48 10 10 10 10 10 10 10 9 10 10 10 10
60 10 10 10 10 10 10 9 9 8 10 10 10
72 10 10 10 9 8 10 9 8 7 9 10 10

co 84 10 10 10 9 8 10 7 8 6 9 10 10(X)

lD 96 10 10 10 8 8 9 6 6 6 9 8 9
120 10 10 10 8 8 9 6 6 6 9 8 9
144 10 10 10 8 8 9 6 6 6 9 8 9
168 10 10 10 8 8 9 6 6 6 9 8 8
192 10 10 10 8 8 9 5 6 6 9 8 8
216 10 10 10 8 7 8 5 6 5 9 8 8
240 10 10 10 7 7 8 5 6 5 8 8 8
264 10 10 10 7 7 8 5 6 5 8 8 8
288 10 10 10 7 7 8 5 6 5 8 7 8
312 10 10 10 7 7 8 5 6 5 8 7 8
336 10 10 10 7 7 8 5 5 5 8 7 8
360 10 10 10 7 7 8 5 5 5 8 7 8
384 9 10 10 7 7 8 5 5 4 8 7 8

Organisms were fed after 96-hour exposure time with live Artemia nauplii.
*A11 bioassays used 20 percent sediment of total e1utriate vo1ume~

A, B, and C are replicates.



Time
(hr:min)

Table 460

Percent Settleable Solids Data: Perth Ambo~

Channel Hopper Dredge Samples**

Percent
Settleable

Solids

pH

7:15 Dredging began. Run 1 began.
7:25~'~ 100 7 . 2
7:27 Run 1 ended.
7:30 91 7 . 5
7:35 91 7.3
7:43 90 7.4
7 :44~'~ Run 2 began.
7:45~'~ 7.4
7:50~'~ 93 7 . 0
7:55~'~ 94 7 . 2
7:55 Run 2 ended.
8:00 74 7 . 3
8:05 97 7.1
8:10 90 7 . 2
8:13 Run 3 began.
8:l5~'~ 98 7.1
8:30 Run 3 ended. 98 7 . 5
8:44 Run 4 began.
8:45~'~ 100 7.1
8:45 Run 4 ended.
9:00 100 7 . 2
9:06 Run 5 began.
9:15~'~ 98 7.4
9:23 Run 5 ended.
9:30 86 7.4
9:45 28 7.4

10:00 88 7.4
10:15 (All of these samples taken while 40 7.4
10:30 34 7 . 5
10:45 dredge was traveling to dump 94 7.2
11:03

site. )
94 7 . 5

11:17 90 7 . 3
11:30 41 7 . 5
11:50 30 7.5
12:02 92 7.4
12:15 96 7.4
12:30 8 7 . 9
12:45 100 7 .3
13:05 16 7 . 7
~'~Surface of material in hopper was turbulent. Otherwise, it
was calm.

**The data for percent settleable solids and pH, as well as
descriptions for dredging operations are applicable to all New
York hopper dredge samples and are not repeated in other tables
in this section.

Dash (-) indicates no determination made.
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Table 461

Percent Settleable Solids Data: Bay Ridge Channel

Hopper Dredge Samples

Run 1 began.

Time
(hr:min)

6:24*

6:29*

6:33"(

6:40"(

6:45"(

6:47 Run 1 ended.

7:00 Run 2 began.

Percent
Settleable

Solids

29

62

40

pH

7.2

7.2

7.1

7.2

7.3

7:07*

7:22''(

7:37''(

7:38

7:50"(

8:00"(

8:13

8:15

8:30

8:45

9:00

9:17

Run 2 ended.

Run 3 began.

Run 3 ended.

7.2

7.1

100 7.7

89 7.4

100 7.4

57 7.3

42 7.3

7 . 3

95 7.1

100 7.5

*Surface of material in hopper was turbulent. Otherwise,
it was calm.

Dash (-) indicates no determination made.
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ranged from 74 to 100 percent during dredging. They were

much more variable after dredging ceased, fluctuating from 8

to 100 percent. Not all Bay Ridge Channel samples were ana

lyzed for percent settleable solids, but those collected during

dredging showed a somewhat higher variability in settleable

solids, 29 to 100 percent, than did samples collected during

Perth Amboy Channel dredging operations.

Heavy Metals

Samples taken from the hoppers of the dredge Essayons

were analyzed for soluble heavy metals. Selected ones were

also dried and analyzed as sediment for total heavy metals.

Tables 462 and 463 show the soluble metals concentrations in

the Perth Amboy and Bay Ridge Channel hopper samples.

In the Perth Amboy Channel hopper samples (Table

462), soluble manganese ranged from less than 10 ~g/l (detec

tion limit ) to 1286 ~g/l during dredging. During transport

to the disposal site, manganese concentrations of all samples

were less than 10 ~g/l. The iron concentrations during the

dredging cycles ranged from 32 to about 11,900 ~g/l. During

transport they ranged from 9 to 2000 ~g/l. Concentrations of

lead, zinc, copper, and cadmium were below the detection limit

in almost all samples. Chromium concentrations ranged from

less than 2 ~g/l (detection limit) to 4.2 ~g/l during dredging

but remained below the detection limit during transport. Nickel

concentrations on the other hand were near or below the detection

limit (1 ~g/l) during dredging but rose during transport when they

ranged from less than 1 ~g/l to 6.2 ~g/l. Arsenic followed a

similar pattern with somewhat higher concentrations found during

transport.
Bay Ridge Channel hopper samples metals concentra-

tions were similar to the Perth Amboy Channel samples in

general trends. The manganese concentrations during dredging

ranged from less than 10 ~g/l to 1439 ~g/l and remained below the

detection limit during transport to the disposal site. Iron

concentrations ranged from below 5 ~g/l to 3234 ~g/l during
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Table 462

Soluble Heavy Metals: Perth Amboy Channel

Hopper Dredge Samples

(jJg/l)

Time
(hr:min) Mn Cd Cr Zn Ni Pb Cu Fe As

7:15 - Run 1 Began
7:25 <10 <0.5 <2 <1 <1 <1 <1 220-6 4.9
7:27 - Run 1 Ended
7:30 735 <0.5 <2 4.3 <1 <1 <1 76 <2
7: 35 <10 <0.5 3.2 <1 <1 <1 <1 3352 3.7
7:43 520 <0.5 <2 <1 <1 <1 <1 48 7.1
7:44 - Run 2 Began
7:45 <10 <0.5 3.9 <1 <1 <1 <1 6117 6.0
7:50 <10 <0.5 3.7 <1 <1 <1 <1 689 <2
7:55 919 <0.5 2.4 <1 <1 <1 <1 28 3.7

- Run 2 Ended
CD 8:00 674 <0.5 2.4 <1 <1 <1 <1 29 23.7CD

8:05 1286 <0.5 <2 <1 <1 <1 <1 60 9.3co
8:10 28 <0.5 <2 <1 <1 <1 <1 2471 <2
8:13 - Run 3 Began
8:15 <10 <0.5 2.9 <1 1.1 <1 <1 11936 <2
8:30 - <10 <0.5 <2 <1 1.1 <1 <1 3626 <2

- Run 3 Ended
8:44 - Run 4 Began
8:45 <10 <0.5 4.2 <1 <1 <1 <1 1805 9.3

- Run 4 Ended
9:00 490 <0.5 <2 <1 <1 <1 <1 36 2.6
9:06 - Run 5 Began
9:15 735 <0.5 3.7 <1 <1 <1 <1 32 13.7
9:23 - Run 5 Ended
9: 30 <10 <0.5 <2 <1 3.9 <1 <1 767 14.8
9:45 <10 <0.5 <2 <1 3.5 <1 <1 2000 7.1

10:00 <10 <0.5 <2 <1 3. 3 <1 <1 22 20.4
10:15 <10 1.2 <2 <1 3. 7 <1 <1 523 29.3
10:30 <10 <0.5 <2 <1 <1 <1 <1 9 7.1
10:45 <10 <0.5 <2 <1 3. 7 <1 <1 142 16.0

(Continued)



Table 462 (Concluded)

Time
(hr:min) Mn Cd Cr Zn Ni Pb Cu Fe As

11:03 <10 <0.5 <2 <1 <1 <1 <1 699 1 1+• 8
11:17 <10 <0.5 <2 <1 2.9 <1 <1 1608 18.2

c.o 11:30 <10 <0.5 <2 <1 3.9 <1 <1 415 10.4c.o
+" 11:50 <10 <0.5 <2 <1 3.5 <1 <1 87 <2

12:02 <10 <0.5 <2 <1 4.9 <1 <1 395 14.8
12:15 <10 <0.5 <2 <1 6.2 <1 <1 875 13.7
12:30 <10 <0.5 <2 <1 4.7 <1 <1 640 9.3
12:45 <10 <0.5 <2 <1 5.4 <1 <1 376 29.3
13:05 17 <0.5 "<2 <1 4.9 <1 <1 483 10.4



Table 463

Soluble Heavy Metals: Bay Ridge Channel

Hopper Dredge Samples

(llg/l)

Time
(hr:min) Mn Cd Cr Zn Ni Pb eu Fe As

6:24 - Fun 1 Began
6:24 <10 <0.5 2.0 <1 <1 <1 <1 855 2.6
6:29 11 <0.5 2.4 <1 <1 1.2 <1 1521 9.3
6:33 <10 <0.5 <2 <1 <1 1.4 <1 3234 3. 8
6:40 28 <0.5 2.1 <1 <1 2.6 <1 2109 11.5
6:45 28 <0.5 <2 <1 8.8 <1 1.2 1834 14.8

<..D 6:47 - Run 1 Ended
<..D 7:00 - Run 2 Began
(.Jl

7:07
7:22 11 <0.5 <2 <1 1.5 <1 <1 - <2
7:22 - Run 2 Ended
7: 37 <10 <0.5 2.1 <1 2.7 <1 <1 846
7:38 - Run 3 Began
7:50 <10 <0.5 2.1 <1 <1 <1 1.7 904 8.2
8:00 1439 <0.5 <2 2.4 <1 <1 <1 <5 <2
8:13 - Run 3 Ended
8:15 <10 <0.5 <2 <1 <1 <1 <1 1365 27.0
8:30 <10 <0.5 2 .8 <1 <1 <1 <1 552 7.1
8:45 <10 <0.5 <2 <1 <1 <1 <1 2872 2.6
9:00 <10 <0.5 <2 <1 <1 <1 <1 1443 8.2
9:17 <10 <0.5 <2 <1 3.2 <1 <1 483 4.7

Dash (-) indicates not determined.



dredging and from 483 to 28?2 ~g/l during transporte There

was some chromium, nickel, and lead release during dredging~

Cadmium concentrations were below the detection limit in all

samples. Zinc and copper concentrations were below the detec

tion limit in all but one and two samples, respectively.

Arsenic concentrations ranged from below 2 ~g/l to 14.8 ~g/l

during dredging and from 2.6 to 27 Vg/l during transport.

Total heavy metal concentrations in the sediment

phase of selected hopper samples from both sites are shown in

Table 464. The concentrations in the Perth Amboy hopper

samples were higher than those in the Bay Ridge Channel samples.

The heavy metal concentrations in the sediment phase of the

hopper samples did not necessarily correspond to those of the

sediment g~abs used for elutriate tests. In some cases hopper

sample concentrations were higher; in others they were lower.

The Perth Amboy Channel hopper sample sediment phase"

had higher concentrations than the Perth Amboy Channel sedi

ment sample of manganese, chromium, zinc, nickel, lead, iron,

and arsenic. The hopper samples contained from 142 to 614

mg/kg manganese, 45 to 60 mg/kg chromium, 154 to 199 mg/kg zinc,

82 to 508 mg/kg nickel, less than one to 154 mg/kg lead,

19 to 20 g/kg iron,and 26 to 52 mg/kg arsenic. Their copper

content (162 to 204 mg/kg) and mercury content (2.9 to 4.0

mg/kg) ranges were below those of the corresponding sediment.

The cadmium range, less than 0.01 to 3.8 mg/kg, was close to

the grab sample concentration of 1.7 mg/kg.

The Bay Ridge Channel hopper samples ranges in

chromium (6 to 75 mg/kg), nickel (133 to 374 mg/kg),and

arsenic (14 to 26 mg/kg) were higher than those of the sedi

ment grab sample. The cadmium (less than 0.01 to about 3mg/kg)

and copper (37 to 152 mg/kg) contents, however, were lower

than those in the Bay Ridge Channel sediment sample. The

concentrations of manganese, zinc, lead, iron,and mercury

in the sediment phase of the hopper samples were within the

996



Table 464

Heavy Metal Concentrations: Bulk Hopper Slurry,

Perth Amboy Channel and Bay Ridge Channel

(mg/kg)

Time Dredging
Fe 1:(hr:min) Opera t ions *~.. Mn Cd Cr Zn Ni Pb Cu Hg As

Perth Amboy Channel:

7:45 During Second Run-T 200 3.8 48 154 277 49 162 20 3.2 44
8:10 Between Second and 264 2.1 50 168 399 24 165 20 - 34

Third-C

8:45 During Fourth Run-T 614 2.6 45 199 508 154 163 20 2.9 52
<.0
<.0 9:00 Between Fourth and 142 <0.01 60 163 82 <1 204 19 4.0 26'oJ Fifth-C

Bay Ridge Channel:

6:29 During First Run-T 375 2.7 32 118 136' 75 152 15 2.2 23
6:45 During First Run-T 153 <0.01 75 97 133 123 37 17 2.4 14
7:22 During Second Run-T 147 <0.01 6 55 205 <1 38 12 1.5 15
9:17 After Dredging Ceased-C 387 2.4 24 150 374 <1.3 148 15 2.3 26

*Iron concentration in g/kg.

**T indicates turbulence in hopper.
C indicates calm in hopper.
Dash c- ) indicates no analysis made.



ranges found for these metals in the sediment grabs. Hopper

sample ranges were 147 to 387 mglkg manganese, 55 to 150 mglkg

zinc, less than 1 to 123 mglkg lead, 12 to 17 glkg iron, and 1.5

to 2.4 mglkg mercury.

Nitrogen Compounds

The ammonium data for selected hopper dr$dge samples

collected during dredging of the Perth Amboy Channel and trans

port to disposal site are presented In Table 465. The ammonium

concentrations of samples collected when the dredging was In

progress ranged between 8.3 and 40.7 mg Nil. The samples col

lected while the Essayons was in transit from the dredging site

to the disposal site ranged from 5.0 to 23.1 mg Nil. The con

ditions in the surface of hoppers (presented In Table 460) did

not seem to affect the ammonium concentrations.

The ammonium data for the selected Bay Ridge hopper

dredge samples collected are presented in Table 466. The am

monlum concentrations ranged from below 0.05 to 69.6 mg Nil

while dredging was in progress and between 13.5 and 49.4

mg Nil after dredging stopped.

Phosphorus Compounds

Table 467 presents the soluble orthophosphate con

centrations in samples collected from the hoppers of the

Essayons during dredging of the Perth Amboy Channel and

transport to the disposal site. After filtration through

a O..45 u pore size filter, suspended material was present in

all samples. They were, therefore, refiltered (in their

acidified condition) through a 0.2 ~ pore size membrane

filter just prior to analysis.

For four of the five dredging runs, soluble ortho

phosphate concentrations were lowest in the samples taken at

the beginning of the run. Concentrations tended to increase

during the interim between runs, only to decrease again at

the beginning of the next run. The lowest concentration at



Table 465

Ammonium Data: Perth Amboy Channel

Hopper Dredge Samples *

Time
(hr:min)

7:25
7:30
7:35
7:43
7:45
7:50
7:55
8:00
8:05
8:10
8:15
8:30
8:45
9:00
9:15
9:30
9:45

10:00
10:15
10:30
10:45
11:03
11:17
11:30
11:50
12:02
12:15
12:30
12:45
13:05

Ammonium
(mg Nil)

35.1
8 • 3

26.4
8 . 5

28.0
31.2
12.3
10.5
26.8
37.7
11.0
33.3
40.7
37.7
26.8

5<12
9.5
5.0

18.6
23.1

5 • 3
6.4

19.7
5.4
6 • 4

23.0
5.a
5 • 3
50'9
6 • 3

*For conditions in hopper as well as information on
Essayonrs dredging activities for time of each sample,
see Table 460.
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Table 466

Ammonium Data: Bay Ridge Channel

Hopper Dredge Samples

Time
(hr:min)

6:24

6:29

6:33

6:40

6:45

7:07

7:22

7:37

7:50

8:00

8:15

8:30

8:45

9:00

9:17

Ammonium
(rug Nil)

3.5

20.7

8 • 5

< 0.05

21.9

19.6

69.6

19.3

9.5

11.7

14.6

13.5

49.4

44.1

9.2

that point ranged from 0.14 to 0.4 mg PlIo During transport

to the disposal site the soluble ortho P concentrations showed

a tendency to increase but still fluctuated.

Concentrations of soluble orthophosphate in the

hopper of the Essayons during dredging of Bay Ridge Channel

and transport to the disposal site are presented in Table 468.

The concentration varied from 0.052 mg Pil to 18 mg Pll in

a smooth pattern gradually rising from the initial 0.29 mg Pil
to a maximum at the beginning of the second dredging run. After

decreasing to approximately 0.7 mg Pil after the third run, the

concentration increased to 10 mg Pil and then began to decrease.
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Table 467

Soluble Orthophosphate Concentrations:

Perth Amboy Channel Hopper Dredge Samples*

Time

(hr:min)

Soluble Ortho P (mg P/1)

X SD

7:25
7:30
7:35
7:43
7:45
7:50
7:55
8:00
8:05
8:10
8:15
8: 30
8:45
9:00
9:15
9:30
9:45

10:00
10:15
10:30
10:45
11:03
11:17
11:30
11:50

,12:02
12:15
12:30
12:45
13:05

0.40
0.28
0.85
0.72
2.0
0.78
1.4
0.35
0.78
0.35
1.2
1.4
0.32
2 . 0
0.14
1.3
0.78
0.95
1.5
2.1
1.6
3.1
2.4
1.7
1.3
2 • 2
6 • 8
1.2
2 • 2
1.8

0.025
o

0.025
o

o
o
o
o

0.025
o
o
o
o
o

o
0.025
0.025
0.025
0.025
0.1

o
0.025

o
o
o
o

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

*Samples were refiltered through a 0.2 ~g/l pore size
membrane filter prior to analys~s.

Dash (-) indicates only one analysis made.
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Table 468

Soluble Orthophosphate Concentrations:

Bay Ridge Channel Hopper Dredge Samples*

Time Soluble Ortho P (mg P/l)

(hr:min) X SD

6:24 0.29 0.001

6:29 0.052 0

6:33 4.5 0.025

6:40 7.4 0

6:45 8 . 2

7:07 18 0.1

7:22 6.0 0.025

7:37 10.2 0.025

7: 50 4.6 0.025

8:00 2 . 8

8:15 0.68 0

8:30 0.72 0

8:45 10 0.025

9:00 8 . 6 0

9:17 4.0

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

Dash (-) indicates only one analysis made.

*These samples were refiltered through a 0.2 ~ pore
size membrane filter prior to analysis due to the
presence of some suspended material.
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Field Studies

Three dredged material disposal operations were

monitored on August 31 and September 1, 1976 in order to eval

uate the reliability of elutriate tests in predicting the

amounts of contaminants released from dredged sediments during

their openwater dumping. The combinations of dredging sites

and modes of disposal were chosen so that an evaluation could

be made of the differences in contaminant release during barge

dumping (of mechanically dredged sediment) versus hopper dump

ing (of hydraulically dredged sediment) of sediment from the

same general area. In addition, comparisons were made between

contaminant release patterns resulting from hopper dumping of

sediments from the different waterways. All dumping took place

at the New York Bight mud dump site. The location of the mud

dump site relative to the New York-New Jersey coast is shown

in Figure 143 .

The disposal operations were monitored using two

Corps of Engineers ships, the Hatton and the Hudson. Monitor

ing the disposal from two properly positioned vessels allowed

estimations to be made of the time-concentration relationships

for the contaminants released to the water column during dredged

material disposal. In addition, since the surface and bottom

currents were moving in opposite directions, the use of two

sampling vessels allowed simultaneous monitoring of contaminant

release in both surface and near-bottom waters during one dis

posal operation.

In conjunction with these monitoring studies, Dr.

R. Gordon and study group from Yale University conducted a

study of transmissivity at the disposal site during dredged

material disposal. In addition to making this information avail

able to the UTD dredged material study group, they provided in

formation on sampling vessel positioning relative to the hopper

dredge or barge during disposal operations. Further, B. Holli

day of the US Army Corps of Engineer Waterways Experiment Sta

tion conducted current studies at the disposal site during these
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operations. This information was also made available to the

UTD study group.

The general procedure followed for monitoring of the

dumping operations involved temporarily anchoring the sampling

vessel near the disposal site and making a number of current

measurements to define current speed and direction in the area.

Based on this information, the sampling vessels were positioned

and anchored. The captain of the Essayons or of the barge tow

boat was instructed to pass the anchored ships at a certain dis

tance from them. The dumping was to take place in accord with

normal dumping procedures. The initiation of the dump was con

trolled from the sampling ships so that the main turbid cloud

arising from the dump would pass beneath the anchored sampling

vessels within a short time after the dump.

During disposal operations, the velocity and direction

of the current were monitored with a current meter on board the

Hatton. Profiles of percent light transmission, D.o., tempera

ture, salinitY,and pH were also made. Duplicate water samples

were taken near the surface, mid-depth,and near the bottom with

submersible pumps throughout the monitoring period, The hopper

dredge Essayons, used in connection with Perth Amboy Cha.nnel a.nd

Bay Ridge Channel dredging-disposal operations, is the largest

hopper dredge owned by the Corps of Engineers. It is approxi

mately 525 feet in length and has 12 hoppers with a total capa

city of 8,270 cubic yards. It dredges by sucking sediment

through a 32 inch diameter pipe and discharging the material to

the hoppers. Dredged material moves through the discharge pipe

at a rate of 20 feet per second. Dumping of the dredged material

generally takes place over a period of several minutes during

which time each of the hoppers is dumped in sequence.

1005



Dump No.1

During the first two monitored disposal operations,

August 31, 1976, the weather was fair, and the water was calm.

The air temperature was approximately 70 0F (22 oC). The depth

of the water column at the disposal site was about 28 m; the

8ecchi depth was 3.0 meters. The physical setting at the dump

site during Dump No.1, for which 8,270 cubic yards of sedi

ment were dredged by the Essayons from Perth Amboy Channel,

is shown in Figure 144 .

Water column optical properties. The optical prop

erties of the water column were monitored with transmissometers

from both sampling vessels. In addition, turbidity measurements

were made on the water samples collected. R. Gordon's group

from Yale University was aboard the Hatton. They used two

different transmissometers. One, with a 2 cm light path, was

generally at a fixed position near the bottom; the other, with

a 12 cm light path, was moved up and down through the water

column during the study period in order to define the height of

the turbid plume arising from the dumping operation.

On the Hudson, a Hydroproducts Model 612-8 Trans

missometer with a 10 cm light path was used. Vertical profiles

of percent light transmission were obtained before and after

each disposal operation~ During the dumping operations, the

transmissometer was maintained at a fixed depth from which per

cent light transmission was monitored during passage of the

turbid plume.

Figure 145 presents the turbidity values of samples

collected aboard the Hatton in near-bottom waters during Dumps

No.1 and 2. These values, as well as data from samples col

lected at other depths, are presented in Table 469. Table 470

presents similar data for the water samples collected aboard

the Hudson in association with Dump Noo 1. Examination of these

tables shows that during Dump No.1, the surface water did not

significantly change as a result of the dumping operation. As
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~irection of
/ ~urface current

~irection of
;I' bottom current

- Hatton

_ Hudson

KEY: • Dump occurred

--. --. Approximate course of hopper dredge

~ 100ft.

Figure 144
Positions of Sampling Vessels at Mud Dump Site
During Monitoring of New York Bight Dump No.1
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Table 469

Turbidity Values: New York Bight Dump Nos. 1 and 2

Dredged Material From Perth Amboy Channel

and Perth Amboy Anchorage

(Collected from the Hatton)

Time Depth Turbidity
(hr:min:sec) em) (NTU)

12:43:45 0.5 o•7
12:44:00 12 3

13:19 - Dump No. 1 occurred.
13:21:15 0.5 3
13:21:50 24 0.4
13:23:15 24
13:23:30 0.5 1
13:23:50 24 340
13:25:00 24 550
13:25:30 24 420
13:26:00 24 420
13:26:30 0.5 2
13:27:00 24 550
13:27:15 24 400
13:28:00 24 580
13:28:30 24 630
13:30:30 24 1020
13:32:30 24 260
13:34:30 24 55
13:36:30 24 240
13:38:00 22 33
13:41:30 22 150
13:42:15 O. 5 1
13:52:30 24 120
14:10:30 24 20
14:31:30 24 6
14:52:30 24 1
14:53:30 24 12
15:23:55 O. 5 o. 6
15:24:30 24 11
15:32:30 o•5 1
15:41:30 o. 5 0.8
15:42:00 24 16
15:42:30 O. 5 o. 9

15:43 - Dump No. 2 occurred.
15:43:00 24 17
15:44:00 o•5 0.6
15:44:30 24 17
15:45:00 24 21
15:45:30 24 980

(Continued)
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Time
(hr:min:sec)

15:46:00
15:46:30
15:46:45
15:47:00
15:47:15
15:47:15
15:47:30
15:47:45
15:48:00
15:48:15
15:48:30
15:48:45
15:49:30
15:50:30
15:51:45
15:52:30
15:54:30
15': 55: 00
15:59:30
16:10:00
16:10:30
16:10:30
16:25:30
16:26:00

Table 469 (Concluded)

Depth
(m)

24
24
24
24
24

0.5
24
24
24
24
24
24
24
24
24
24

O. 5
24
24

o. 5
24
24

O. 5
24

Turbidity
(NTU)

1100
320

80
0.7
620
0.9
900
540
520
580
230
250
480
360
330
440

1
270
190
0.9

42
45

o•5
24

Dash (-) indicates no analysis made.

shown in Figures 146 and 147, the turbidity of the near-bottom

water samples did change significantly immediately following

dumping. As expected, there was a marked increase in the tur

bidity of these waters during the passage of the turbid plume.

Comparison of Figures 145 and 146 shows that there was a six

minute delay in the passage of the turbid plume between the

Hatton and the Hudson. Markedly elevated turbidities were

present in the near-bottom waters at the location of the Hatton

for slightly over one hour. At the Hudson the duration of the
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Table 470

~urbidity Values: New York Bight Dump No.1

Dredged Material From Perth Amboy Channel
(Collected from the Hudson)

Time
(hr:min:sec)

12:51:20
12:52:55
12:52:55
12:55:30
12:55:35
12:55:45
13:01:25
13:01:35
13:01:55

13:21:50
13:22:05
13:22:10
13:26:00
13:26:35
13:26:55
13:27:25
13:27:55
13:28:00
13:28:30
13:28:50
13:29:10
13:29:45
13:29:55
13:30:35
13:30:45
13:31:15
13:31:50
13:32:00
13:32:30
13:32:45
13:33:10
13:33:45
13:34:30
13:35:30
13:36:05
13:36:10
13:36:25
13:38:20

Depth
(m)

1
12
23

1
12
23

1
23
12

13:19 - Dump No.1 occurred.
1

12
23

1
23
12
23
23
12
23

1
23
12
23
23
12
23
23

1
23
12
23
23
23
23

1
12
23
23

(Continued)
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Turbidity
(NTU)

004
0.4

28
0.6
o. 3

20
0.7

3
003

006
0.6

2
0.4

7
o•3

12
1120

0.4
460

1
300
0.7

90
24

1
165
120
o•7
135

1
190
215
180
230
0.7

1
175

33



Time
(hr:min:sec)

13:52:00
13:52:00
13:52:00
14:00:00
14:12:00
14:20:55
14:21:15
14:21:15
14:31:05
14:31:25
14:31:30
14:58:55
14:58:35
14:59:30

Table 470 (Concluded)

Depth
(m)

1
12
23
23
23

1
12
23

1
12
23

1
12
23

Turbidity
(NTU)

0.6
O. 8
25
17
155
2
o. 9
24
1
0.9
19
4
1
3

elevated turbidity, based on turbidity data collected, was

also approximately one hour.

A comparison between Figures 145 and 146 shows that

during the time period when few water samples were taken and,

therefore, few turbidity measurements made, there was con

siderable fluctuation in the amount of particulates in these

waters as reflected by the percent light transmission data.

Generalized, somewhat smoothed plots of the data

from Gordon's study are presented in Figures 148 and 149.

Examination of Figure 148 shows that the transmissometer

located 1 m off the bottom read zero percent light trans

mission for a period of 30 minutes during the passage of the

turbid plume. After that time, there was a general trend for

increasing bottom water percent light transmission with time.

Figure 149 shows a similar pattern for the percent light trans

mission at 23 ill (2 m off the bottom). However, the

percent light transmission data for 1 ill and 14 ill below the

surface were 100 percent throughout the passage of the turbid

plume. These results indicate that the turbidity associated

with the turbid plume moved toward the Hatton below the

thermocline.
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Pe~cent light transmission was measured in the water

column at the Hudson before and after the first disposal opera

tion. The plot of the data is presented in Figure 150. The

pre-disposal profile shows that the water down to the depth of

20 meters had relatively homogeneous percent light transmission

with a range of 80 to 90 percent. Below 20 meters the trans

missivity of the water decreased rapidly with depth.

The post~disposal profile showed a slight increase

over pre-disposal values in the percent transmission to a depth

of 16 meters where the light transmission decreased rapidly.

These results also indicate that about one hour after the dump

the turbidity of the bottom waters was slightly higher than

it had been prior to the dump.

During the first disposal operation, the transmis

someter was kept at a depth of 25 meters, and readings were

taken periodically during the disposal operations for approx

imately one hour. The data collected are presented in Figure

147. A sharp decrease in the percent light transmission at a

depth of 2.5 meters was noted shortly after the disposal

occurred. The values fluctuated after the disposal, remaining

mostly below the 15 percent light transmission level. The

reading did not return to pre-disposal values during the one

hour monitoring period.

Currents. As shown in Table 471, mid-depth to bottDm,

pre-dump currents at the mud-dump site ranged in speed from 0.42

to 0.61 knots and appeared to decrease with depth below 19 m.

The currents ranged in direction from 330 to 229 0 magnetic with

increasing depth. Table 472 presents the current data w~ich

show the effect of the disposal on the speed and direction of

currents 2 meters off the bottom. Current velocity rose from

0.2 to 0.25 knots before disposal began, to 0.79 knots two

minutes after disposal ceased. It then decreased. The direc

tion of the current did not appear to have been greatly affected

by the disposal of the dredged material.
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Table 471

Background Current Data: New York Bight

Disposal Operations

August 31, 1976

Depth Direction Speed
(m) (Omagnetic) (knots)

10 330 0.50

15 290 0.47

19 272 0.61

22 270 0.53

25 239 0.50

27 229 0.42

Data provided by B. Holliday, CE~WES.

Dissolved oxygen, temperature, salinity, and pH. Prior

to the disposal operations, water column profiles of D.O., tem

perature, salinity, and pH were made at the disposal site; the

data are presented in Table 473. These data indicate that the

depth to the thermocline was between 16 and 18 meters. The tem

perature ranged from 19.50C at the surface to 10.50C at the

bottom. Dissolved oxygen concentrations ranged from 8.1 mgll at

the surface to 1.4 mgll at the bottom. Figure 151 graphically

shows the sharp decrease in both parameters below 16 meters.

The salinity increased from 29.0 °1 0 0 to 32.8 °1 0 0 , surface to

bottom. The pH of the disposal site water decreased ~ith depth

from 7.7 to 7.0.
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Table 472

Bottom Current Velocity and Direction:*

New York Bight Dump No.1

Time Speed Direction
(hr:min:sec) (knots) (Omagnetic)

12:46:00 0.25 230
13:02 :00 0.22 182
13:07 :00 0.24 214
13:16 :00 0.18 190

13:19 - Dump began.
13:19 :00 0.29 222
13:20:00 0.35 235
13:20:30 0.38 238
13:21:00 0.40 239

13:21 - Dump stopped.
13:21::30 0.41 241
13:22:00 0.45 240
13:22:30 0.68 220
13:23:00 0.79 220
13:23:30 0.62 190
13:24 :00 0.52 155
13:24:30 0.46 170
13:25 :00 0.35 220
13:26:00 0.35 240
13:26 :30 0.42 235
13:27:30 O. 33 220
13:28 :00 0.20 188
13:29 :00 0.10 155
13:30 :00 0.10 215
13:31:00 0.21 221
13:32 :30 0.33 240
13:33 :00 0.38 248
13:33 :30 0.40 248
13:34 :00 0.39 245
13:35:00 0.21 215
13:35 :30 0.18 180

*Current meter set at 29 m, about 2 m off bottom.

Data provided by B. Holliday, CE-WES.
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Table 473

Pre-Disposal ~': 'Water Column Profile:

New York Bight Disposal Site

August 31, 1976

Depth Temp D.O. Salinity pH
(m) (0 C) (mg/I) (0100)

0.5 19.5 8.1 29.0 7 . 7

3 19.5 7.6 30.5 7.6

6 19.5 7.3 30.5 7 . 6

9 19.5 7.4 31.2 7.7

12 19.0 6.2 31.2 7 . 6

15 17.0 6.5 32.8 7 . 6

16. 16.0 7.3 32.8 7.7

17 15.5 6 . 3 32.8 7 . 6

18 15.0 5.8 32. 8 7.6

19 14.0 4.6 32.8 7 . 5

20 13.0 3.7 32.8 7 .3

21 11.0 2. 7 32.8 7 . 0

24 10.5 1.8 32.8 7 . 0

25.5 10.5 1.4 32.8 7 . 0

~':Time - 10:28.

Table 474 and Figures 152 and 153 present the data

for the pre- and post-disposal D.O., temperature, salinity,

and pH profiles. There was no appreciable change noted in

the salinity and pH between the two profiles. The pre-disposal

profiles showed a decrease in both temperature and D.O. in the

bottom 8 meters (18, 21, 24.5 meter samples). The post-disposal

profiles indicate a relatively homogeneous system below 18 m

with an increased D.O. level near the bottom as compared to

pre-disposal levels.

1021



12
E

.........

~ 14
0
Q)

Cl

16

18

20

22

24

Dissolved Oxygen
2 3 4 5

• DISSOLVED OXYGEN
• TEMPERATURE

7 9 II 13 15 17 19
Temperature (oC)

Fi gure 151
Pre-Disposal Temperature and Dissolved Oxygen

Pro f i 1e s : New Y°r k Big ht M'u d Dum pSi t e Hat ton,
1022



Table 474

Pre- and Post-Disposal Water Column Profile!

New York Bight Dump No.1, Dredged

Material from Perth Amboy Channel

Designation Depth Temp D.O. Salinity
and Time (m) (OC) (mg/l) (°100) pH

Pre-Disposal
(12:25)

o. 5 19.5 7.5 30. 5. 8 . 5
3 19.5 7.4 30.5 8. 3
6 19.0 6 .8 30.5 8.0
9 19.0 6 . 6 30.5 7.9

12 19.0 6. 2 31.2 7.8
15 17.0 6.2 32.0 7.9
18 15.0 5 . 2 32.8 7 . 8
21 12.2 3.1 32.8 7.5
25.5 10.0 1.7 32.8 7.4

Post-Disposal
(13:37)

o. 5 19.5 7 . 8 30.5 8.0
3 19 7 . 8 30.5 8.1
6 19 7 . 0 30.5 8.1
9 18.5 6 . 6 31.2 8.1

12 17 6. 3 32.8 8 . 2
15 15 5.4 32.8 8.1
18 12.5 2. 6 32.8 7 . 7
21 12 2.4 32.8 7.7
24.5 12 2.3 33.5 7 . 8
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Figure 154 lS a plot of the D.O. concentrations at

24.5 m at the Hatton during disposal. Approximately four min

utes after disposal was completed, there was an increase in the

D.O. levels. The highest concentration (a 1.4 mg/l increase

over background levels) was the 2.9 mg/l observed at 13:26:45

hours. The D.O. remained elevated at approximately 2.3 mg/l

for a period but returned to background concentrations at 15:38,

when the pre-disposal profile for Dump No. 2 was made. The ob

served increase in D.O. concentrations near the bottom and the

homogeneity of the lower 8 meters of water was most likely

caused by mixing of surface waters with the waters below the

thermocline. The rapid descent of the dredged sediments upon

dumping and entrainment of surface waters into the bottom waters

resulted In an increased D.O. in these waters.

Temperature, D.O. pH, and specific conductance in the

water column were also monitored from the Hudson by the Corps

of Engineers-New York District personnel using their PLESSEY

Environmental Systems (Model 8500). This unit's sensor was

raised and lowered through the water column during the moni

toring of the dump to determine changes in these parameters

throughout the water column during the course of the study.

Data collected with the PLESSEY unit during Dump No. 1 are pre

sented in Table 475. Pre-dump (12:43-13:07.hours) and post-dump

(15:00-15:07 hours, after passage of the turbid cloud), temper

ature, and D.O. profiles are also presented in Figure 155. This

figure shows that before disposal, D.O. concentrations ranged

from about 8 mg/l near the surf,ace to zero near the bottom, with

a thermocline at about the 16-18 m depth. Temperature varied

with depth from 19.5 to about 100e near bottom. The patterns

and values of these two parameters were essentially the same as

they had been just prior to disposal near the Hatton (Table 474,

Figure 152) except that D.O. concentrations below the 15 m depth

were somewhat lower at the Hudson than at the Hatton.

As shown in Figure 155, the post-dump D.O. levels were

higher than pre-dump levels down to about 4.5 m. Between 10 and

about 20 m, post-dump levels were less than pre-dump levels.
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Table 475

Dissolved Oxygen, Temperature, pH and Specific

Conductance Profi1es;~ New York Bight

Dump No. 1

(Collected from the Hudson)

Dissolved
Time Depth Oxygen Temperature Salinity 0( 100)

(hr:min) (m) (mg/1) (OC) pH

12:43 1 7.5 19.5 8.1 30.2
12:45 2 7.1 19.1 8.0 30.3
12:46 3 6.9 18.9 8 .7 30.4
12:47 4.5 6.9 18.9 8.0 30.3

6 6.4 18.9 8.0 30.3
8 5.9 18.8 8.0 30.4

10 5.8 18.8 8.0 30.4
12:49 12 5.0 18.5 8.0 30.9
12:52 14 5.9 17.5 8.0 32.1

16 5.8 16.5 8.0 32.1
17 4.0 14.5 7 .7 32.1

12:54 19 2.2 13.1 7 .6 31.2
21 0 10.4 7 . 5 32.6
23 0 9.9 7.4 32.5

12:58 25 1.6 9.8 > 7.4 32.5

13:00 1 8. 5 19.5 8.1 30.2
2 7.7 19.3 8.1 30.2
3 7.4 19.0 8.1 30.2

4.5 6.9 18.9 8.1 30.3
6 6.9 18.8 8.1 30.3
8 6.1 18.8 8.0 30.3

10 5. 8 18.7 8.0 30.4
12 5.5 18.5 8.0 30.6
14 5.9 17.5 8.0 32.3
16 5.6 16.1 7 .9 32.3

13:05 17 4.2 14.3 7 . 8 32.0
19 2.3 12.9 7 . 6 32.0

13:07 21 0 11.5 7 . 5 32. 2
23 0 10.1 7.4

13:19 - Dump No. 1 occurred.
13:25 1 8.2 19.6 8.1

2 8.3 19.5 8.1
3 8.1 19.1 8.0

4.5 6.7 18.8 8.0
6 6.2 18.8 8.0

13:25 8 6.1 18.8 8.0
10 6.1 18.7 8.0
12 5.2 18.3 7 .9
14 5.8 17.6 7 .9

(Continued)
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Table 475 (Continued)

Dissolved
Time Depth Oxygen Temperature Salinity COlao)

(hr:min) (m) (mg/l) (0 C) pH

16 5.8 16.4 7 .8
17 4.1 14.1 7.7
19 2.0 12.4 7.5
21 0 10.2 7.4
23 0 9.9 7.4

13:29 25 0 9.8 7.4

24 0 11.6 1.4
23 0 10.3 7.4
21 0 11.6 7.4
19 0 13.2 7 . 5
17 4.2 15.9 7 . 7
16 6.5 17.2 7.8
14 7.0 18.0 7.9
12 4.7 18.5 7.9
10 5.9 18.7 8.0

8 6.5 18.7 8.0
6 6.1 18.8 8.0

4.5 6.0 18.8 8.0
3 6.4 19.1 8.1
2 8.0 19.5 8.1

13:34 1 8.0 19.5 8.1

13:38 1 7 . 5 19.5 8.1
2 7.8 19.5 8.1
3 7.5 19.1 8.0

4.5 6.5 18.8 8.0
6 5.9 18.8 8.0
8 5.8 18.7 7.9

10 5.1 18.4 7.9
12 4.0 17.7 7 . 9
14 5.5 17.1 7.9
16 5.5 16.3 7.8
17 4.3 14.5 7.7
19 2.5 12.8 7.5
21 0.3 11.5 7 . 5
23 0 11.0 7.4

13:44 24 0 10.7 7.4

13:38 1 7.5 19.5 8,1
2 7.8 19.5 8.1
3 7.5 19.1 8.0

(Continued)
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Table 475 (Concluded)

Dissolved
Salinity

0
Time Depth Oxygen Temperature ( /00)

(hr:min) (m) (mg/1) (OC) pH

4.5 6.5 18.8 8.0
6 5.9 18.8 8.0
8 5.8 18.7 7 .9

10 5.1 18.4 7 .9
12 4.0 17.7 7 .9
14 5.5 17.1 7 . 9
16 5.5 16.3 7 .8
17 4.3 14.5 7 .7
19 2.5 12.8 7 .5
21 0.3 11.5 7.5
23 0 11.0 7.4
24 0 10.7 7.4

15:00 1 8.7 19.5 8.1 30.3
2 9.0 19.5 8.1 30.2
3 8.8 19.2 8.1 30.2

4.5 7.6 18.8 7 . 9 30.4
6 6.4 18.8 7 .9 30.4
8 6.5 18.7 7 .9 30.4

10 5.8 18.6 7 . 9 30.4
12 4.4 17.1 7 . 8 31.5
14 3.5 17.6 7.9 32.. 0

15:05 16 5.6 15.9 7 . 8 32.0
17 3 .0 13.6 7.6 32.1
19 1.3 12.0 7 .5 32.1
21 0.15 11.1 7.4

15:07 23 0 5.8 7.4

*Measurements made using PLESSEY Environmental Systems Model
8500 Digital Display - owned and operated by Corps of
Engineers New York District.

Dash (-) indicates no measurement made.
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The D.O. levels at 21 m and below, both pre- and post-dump

were zero or. essentially zero. The surface waters were at

essentially saturation for the temperature and salinity of

that water.

It lS difficult to interpret the profile data during

the dump since, as shown by the data collected at the Hatton,

the measured parameters are highly variable during the passage

of the turbid plume.

Heavy metals. Tables 476 and 477 present heavy metal

data for Dump No.1. At the Hatton, which was the closer sam

pling vessel to the disposal area, small increases of zinc and

iron were found near the bottom within three or four minutes

after the dump. The increases coincided with the onset of

high turbidity. Zinc concentrations reached 50 ~g/l 11.5 min

utes after the dump. In the near-bottom waters they remained

elevated for 35 minutes. There was an increase in soluble iron

was approximately 100 m down bottom cur

The bottom plume reached the Hudson

the dump. Soluble heavy metals on

trends similar to those seen in the

about 8 minutes after

Hatton samples showed

which also coincided with the passage of the turbid plume. The

peak concentrations were 82 to 75 ~g/l at 6 minutes after the

disposal. Background concentrations were below the detection

limit of 5 ~g/l. A second increase occurred 8 to 9 minutes

after disposal. There was also a slight increase in nickel be

tween 8 and 13.5 minutes after the dump.

Increases in manganese, cadmium, iron, and mercury

occurred after the plume had passed. Manganese reached 67 ~g/l

33.5 minutes after the dump, and cadmium reached 1.0 ~g/l with

in 22.5 minutes of the dump. Iron ranged from 22 to 65 ~g/l

during the period from 22.5 to 73.5 minutes after disposal.

Mercury concentrations increased to 0.026 ~g/l in several

samples taken during this period. There were no significant

changes in chromium, copper,or arsenic concentrations as a

result of this dump.

The Hudson

rent from the Hatton.
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Table 476

Soluble Heavy Metal Concentrations: New York Bight Dump No. 1

Dredged Material from Perth Amboy Channel

(Collected from the Hatton)

(l-lg/l)

Time Depth
(hr:min:sec) (m) Hn Cd Cr Zn tH Pb Cu Fe Hg As

12:43:45 0.5 <'10 < 0.5 2.2 4.2 < 2 1.1 < 1 <5 0.014
12 :,44: 00 12 < 10 < 0.5 < 2 3.1 < 2 1.4 <1 < 5 <0.005

13: 19: 00 - Dump-No. 1 occurred.
13:21:15 0.5 < 10 < 0.5 3.9 < 1 2.0 <1 < ~ < 5 <0.005
13:21:50 24 < 10 < 0.5 2. 2 <1 < 2 2 .3 <1 < 5 0.014
13:23:15 24 < 10 < 0.5 <2 10.9 < 2 2 . 3 < 1 <5 <0.005
13:23:30 0.5 <10 < 0.5 2.6 4.4 < 2 2.0 < 1 < 5 <0.005
13:23:50 24 < 10 <0.5 < 2 19.7 < 2 2 . 5 <1 26 0.014
13:25:00 24 < 10 < 0.5 <2 13.9 <2 2 .3 1.1 82 <0.005

J--l 13:25:30 24 < 10 < 0.5 < 2 2.1 <2 2 .3 <1 75 <0.005
a 13:26:00 24 < 10 < 0.5 < 2 2.4 < 2 1.7 < 1 < 5 0.014w

13:26:30 0.5 < 10 < 0.5 < 2 < 1 2.0 1.4 <1 <5 0.014w
13:27:00 24 < 10 <0.5 3.4 3.0 2.4 2 .5 1.3 21 0.014
13:,27: 15 24 <10 <0.5 2.2 14.2 < 2 1.7 1.4 30 <0.005
13:28:00 24 < 10 < 0.5 < 2 15.5 2.7 2 .5 1.3 40 0.014
13:28:30 24 < 10 < 0.5 2.6 36.7 < 2 2.3 <1 < 5 0.014
13:30:30 24 < 10 < 0.5 < 2 49.9 2.7 1.4 <1 16 < 0.005
13:3£::30 24 < 10 < 0.5 2.2 8.8 3 .1 2.0 2.6 < 5 <0.005
13:34:30 24 < 10 < 0.5 < 2 23.6 < 2 2.3 <1 <5 <0.005
13:36:30 24 < 10 < 0.5 2.2 < 1 < 2 <1 1.1 < 5 0.014
13:38:00 22 < 10 < 0.5 < 2 5.1 < 2 2.5 < 1 10 0.014
13:41:30 22 < 10 1.0 < 2 5. 7 < 2 7 . 6 <1 56 0.026 10.1
13:42:15 0.5 67 0.8 < 2 8.3 < 2 4.5 <1 8 <0.005 6.8
13:52:30 24 67 0.9 < 2 11.5 < 2 4.5 1.3 26 <0.on5 6.5
14:10:30 24 17 1.0 <2 <1 < 2 6. 6 1.3 57 0.026 10.1
14:31:30 24 33 < 0.5 < 2 <1 < 2 4.0 <1 65 <0.005 6.5
14:52:30 74 67 < 0.5 < 2 < 1 < 2 4.0 < 1 22 0.026 5.9
14:53:30 24 17 0.7 < 2 < 1 < 2 7 . 6 <1 56 <0.005 9.3
15:23:55 0.5 50 0.7 < 2 < 1 < 2 4.5 <1 5 <0.005 5.1
15:24:30 24 50 < 0.5 2.3 < 1 < 2 5.1 1.3 2 0.0213 10.1
15:32:30 0.5 < 10 0.7 < 2 <1 < 2 6.1 < 1 39 <0.005 10.4

Dash (-) indicates insufficient sample for analysis.



Table 477

Soluble Heavy Metal Concentrations: New York Bight

Dump No. 1, Dredged Material from Perth Amboy Channel
(Collected from the Hudson)

(jJg/1)

Time Depth
(hr:min:sec) (rn ) Mn Cd Cr Zn Ni Pb Cu Fe Hg As

12:51:20 1 < 10 < 0.5 < 2 < 1 6.4 2.6 <1 31 0.012
12:52:55 12 < 0.5 <2 <1 5.8 1.2 <1 17 0.012
12:52:55 23 < 10 < 0.5 3.7 <1 5.4 3.4 3.6 57 <0.005
12:55:30 1 < 10 < 0.5 < 2 < 1 < 2 1.9 <1 13
12:55:35 12 < 10 < 0.5 < 2 < 1 3.1 <1 <1 16 <0.005 7.3
12:55:45 23 < 10 < 0.5 2.8 < 1 5.0 1.0 2.1 35 <0.005
13:01:25 1 < 10 <0.5 < 2 < 1 6.8 1.7 <1 44 <0.005
13: 01.: 35 23 44 < 0.5 <2 < 1 6.4 1.7 <1 40 0.012 8.8

r-' -13:01:55 12 < 10 0.6 < 2 <1 < 2 <1 <1 25 0.012
a 13:19:00 - Dump No. 2 occurred.
co 13:21:50 1 < 10 < 0.5 <2 < 1 2.2 2.0 <1 40 0.085+" 13:22:05 12 < 10 < 0.5 < 2 < 1 3.5 <1 <1 < 5 <0.005

13:22:10 23 < 10 < 0.5 < 2 < 1 4.6 1.4 <1 10 <0.005
13:26:00 1 < 10 < 0.5 < 2 <1 < 2 3.1 1.6 5 0.012

-.13:26:35 23 54 < 0.5 2.4 < 1 < 2 3.8 1.9 24 0.012
13:26:55 12 33 < 0.5 < 2 < 1 <2 2.9 <1 66 0.012 4.9
13:27:25 23 54 < 0.5 3.2 < 1 4.2 2.0 3.3 59 0.012
13:27:55 23 < 10 < 0.5 < 2 < 1 2.3 < 1 <1 515 0.014 29.7
13:28:00 12 < 10 < 0.5 < 2 <1 4.4 2.0 <1 38 0.012
13:28:30 23 11 < 0.5 < 2 16.1 < 2 <1 1.3 125 0.020 9.3
13:28:50 1 11 0.5 < 2 7.3 < 2 < 1 1.3 10 0.020 6.8
13:29:10 24 59 1.5 2.2 28.4 2.6 2.6 4.5 167 0.075 14.5
13:29:45 12 < 10 < 0.5 < 2 < 1 < 2 <1 1.0 85 0.030 6.8
13:29:55 23 11 < 0.5 < 2 19.9 < 2 7 .7 18.2 439 0.125 6.3
13:30:35 23 < 10 1.0 <2 27.7 < 2 1.7 < 1 95 0.075 35.8
13:30:45 12 44 < 0.5 < 2 2.5 < 2 <1 1.8 7 0.080 3.9
13:31:15 23 < 10 0.9 <2 16.1 2.8 1.3 2.9 164 0.090 18.2
13:31:50 23 < 10 1.4 < 2 21.6 2.4 1.7 6.0 174 0.014
13:32:00 1 < 10 < 0.5 < 2 15.7 <2 < 1 1.7 14 0.030 5.4
13:32:30 23 < 10 < 0.5 2.2 13.7 3.4 2.2 4.4 160 0.014 10.9

(Continued)



Table 477 (Concluded)

Time Depth
(hr:min:sec) (m) Mn Cd Cr Zn Ni Pb Cu Fe Hg As

.-

13:32:45 12 18 1.0 2.2 59.2 <2 1.7 <1 < G 0.185 32.7
13:33:10 23 89 < 0.5 < 2 33.3 2.4 1.7 4.4 116 0.014
13:33:45 23 29 1.2 < 2 18.9 2.6 2.2 2.3 159 0.030 14.5
13:34:30 23 < 10 < 0.5 2.8 18.7 4.5 4.4 6.5 74 0.030 60.C
13:36:05 1 28 < 0.5 < 2 6.1 < 2 <1 1.1 3 0.050 67.8
13:36:10 12 < 10 < 0.5 2.2 <1 < 2 1.7 <1 <5 0.020 3.4
13:36:25 23 <10 < 0.5 < 2 2.2 3.2 <1 <1 117 0.030 22.4

I--' 13:38:20 23 < 10 1.1 2.2 <1 2.3 6. 7 12.8 126 0.030 48.50
co 13:52:00 1 11 < 0.5 < 2 19.6 2.5 < 1 3.6 37 0.075 98.9en

13:52:00 12 < 10 o. 7 2.5 <1 < 2 <1 < 1 5 0.020 37.6
13:52:00 23 < 10 < 0.5 <2 16.7 < 2 5.3 9.5 97 0.014 14.5
14:00:00 23 < 10 < 0.5 < 2 < 1 < 2 3.4 1.8 78 0.014
14:12:00 23 < 10 1.2 < 2 13.8 <2 3.1 1.5 33 0.014 12.7
14:20:55 1 23 < 0.5 < 2 < 1 4.2 4.1 <1 13 0.026
14:21:15 12 < 10 1.1 <2 3.3 <2 <1 <1 28 0.090 20.0
14:21:15 23 < 10 < 0.5 2.6 <1 6.4 5.2 2 .6 99 0.012
14:31:05 1 59 1.0 < 2 < 1 < 2 <1 <1 193 0.030 27.2
14:31:25 12 < 10 1.2 2.5 < 1 < 2 3.5 <1 24 0.030 10.9
14:31:30 23 < 10 < 0.5 2.8 2.2 <2 <1 <1 98 0.075 41.2
14:58:55 1 11 < 0.5 < 2 6.0 < 2 <1 2.2 66 0.020 6.3
14:58:35 12 < 10 < 0.5 < 2 8.1 2.9 1.3 1.5 9 0.010 3.4
14:59:30 23 11 < 0.5 < 2 6.0 <2 <1 2.8 91 0.115 4.4

Dash (-) indicates insufficient sample for analysis.



samples collected aboard the Hudson. There were releases of

zinc and iron in the mid-depth and near-bottom waters which

corresponded with the arrival of the turbid plume. During

the passage of the plume, zinc concentrations ranged from

13.7 to 33.3 pg/l in the near-bottom waters and from below

1 to 59.2 ~g/l in the mid-depth samples. The elevated levels

seen in the surface samples were probably due to contamination

from the discharge of the deep water sample hose pump to the

surface waters at the side of the ship. The iron concentra

tions in the near-bottom water samples ranged from 74 to

439 pg/l. There were two mid-depth samples that contained

elevated iron concentrations (38 and 85 pg/l).

The patterns of delayed increase of manganese,

cadmium,and iron seen at the Hatton were not seen at the

Hudson, 100 m down bottom current. After arrival of the

plume, there were occasional elevated levels of manganese and

cadmium. The highest manganese level was 89 pg/l at 13:33:10

hrs, and the highest cadmium concentration was 1.5 pg/l at

13:29:10 hrs. Iron concentrations continued to increase after

the plume passed, rather than decreasing to below the detection

limit and rising again (as they had done at the Hatton).

Mercury concentrations rose during the plume pas

sage, from less than 0.005 pg/l background levels to peaks of

0.125 pg/l at the bottom (13:29:55 hrs)and 0.185 pg/l at mid

depth (13:32:45 hrs). Arsenic also increased, from background

levels below 10 pg/l to 60 pg/l near the bottom, 32.7 pg/l at

mid-depth and 98.9 pg/l at the surface. The latter concentra

tions probably resulted from the contamination of surface

waters from the discharge of the deep water sample hose pump.

There were no changes in concentrations of nickel, chromium,

lead, or copper during the monitoring period.
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Nitrogen compounds. The ammonium data for the water

samples collected from the Hatton during Dumps No. 1 and 2 are

presented in Table 478. This table shows that during Dump No.

1, ammonium concentrations in the surface water samples were

not affected by the dumping operation. Table 478 and Figure 156

show that in the bottom waters, ammonium increased sharply and

then decreased. This was followed by two more peaks; concen

trations finally leveled off near pre-dump ambient concentra

tions. The first increase in concentration was observed about

five minutes after the disposal concentration returned to

essentially ambient levels after one hour. All samples col

lected during Dump No. 1 had nitrate concentrations less

than 0.04 mg NIl.

The ammonium and nitrate data for the water samples

collected from the Hudson during Dump No. 1 are shown in Table

479. Surface and mid-depth concentrations were not affected

by Dump No. 1 as was also observed for samples collected from

the Hatton. Ammonium concentrations in the near-bottom waters

are presented graphically in Figure 157. Ammonium in the near

bottom water increased sharply about nine minutes after the

dump; the magnitude of release was almost the same as that

observed from samples collected aboard the Hatton. Ammonium

showed some fluctuation and finally returned to the ambient

level after about 1.5 hours. There were no apparent effects

of the dump on nitrate concentration.

Phosphorus compounds. Table 480 presents the soluble

orthophosphate concentrations in samples collected from the

Hatton during Dumps Nos. 1 and 2. The soluble ortho P concen

trations at the Hudson's location during Dump No.1 are pre

sented in Table 481. Prior to the disposal of the Perth Amboy

Channel sediment, the surface soluble ortho P concentration was

0.044 mg PII at the Hatton and at or less than 0.01 mg P/l

(detection limit) at the Hudson. Mid-depth, pre-disposal con

centrations were 0.032 mg PIl at the Hatton and at or less than
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Table 478

Ammonium Concentration: New York Bight

Dump Nos. 1 and 2, Dredged Material

from Perth Amboy Channel

(Collected from the Hatton)

Time
(hr:min:sec)

Depth
(m)

Ammonium
(mg Nil)

-----------------_.---_._--
12:43:45

12:44:00

13:21:15

13:21:50

13:23:15

13:23:30

13:23:50

13:25:00

13:25:30

13:26:00

13:26:30

13:27;00

13:27:15

13:28:00

13:28:30

13:30:30

13:32:30

13:34:30

13:36:30

13:38:00

13:41:30

13:42:15

13:52:30

14:10:30

14:31:30

14:52:30

14:53:30

0.5

12

13:19:00 - Dump No. 1 occurred.

O. 5

24

24

0.5

24

24

24

24

0.5

24

24

25

24

24

24

24

24

22

22

O. 5

24

24

24

24

24

0.08

0.12

0.10

0.17

0.17

0.10

1.37

0.74

0.78

0.71

0.11

0.57

0.57

0.91

0.35

0.92

0.11

0.28

0.39

0.25

0.39

0.09

0.52

0.39

0.27

0.09

0.21

(Continued)
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Time
(hr:min:sec)

Table 478 (continued)

Depth
(m)

Ammonium
(mg NIl)

15:23:55

15:24:30

15:32:30

15:41:30

15:42:00

15:42:30

15:43:00

15:44:00

15:44:30

15:45:00

15:45:30

15:46:00

15:46:30

15:46:45

15:47:00

15:47:15

15:47:15

15:47:30

15:47:45

15:48:00

15:48:15

15:48:30

15:48:45

15:49:30

15:50:30

15:51:45

15:52:30

0.5

24

O. 5

0.5

24

0.5

24

o. 5

15:44:30 - Dump No.2 occurred.

24

24

24

24

24

24

24

24

0.5

24

24

24

24

24

24

24

24

24

24

(Continued)
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0.09

0.21

0.06

0.07

0.20

0.07

0.23

0.08

0.20

0.11

2.43

1.26

1.94

0.14

0.20

1.75

0.11

1.86

1.40

0.89

1.00

0.95

0.34

0.55

0.83

0.75

1.34



Time
(hr:min:sec)

15:54:30

15:56:00

15:59:30

16:10:00

16:10:30

16:10:30

16:25:30

16:26:00

Ta,ble 478 (Concluded)

Depth
(m)

0.5

24

24

o. 5

24

24

0.5

24

Arrunonium
(mg NIl)

0.08

0.61

0.33

0.08

0.40

0.41

0.11

0.24

0.01 mg F!l at the Hudson. Concentrations in the bottom water

prior to the increase in turbidity due to the bottom turbid

plume were about 0.055 mg F/l at the Hatton and ranged from

below 0.01 to 0.049 mg F/l at the Hudson's location.

There appeared to be an increase in soluble ortho P

concentrations in the bottom waters at both sampling locations

with concomitant increases in turbidity. At the Hatton, which

was 250-450 m down bottom current from the hopper dredge during

disposal, maximum concentration in the bottom water <0.24 mg P/l)

was observed eight minutes after disposal. At the Hudson, the

maXlmum concentration in the bottom water was found about nine

minutes after the dump took place. Although the turbidity values

corresponding to two maxima were approximately the same, the

maximum soluble ortho P in the bottom waters at the Hudson,

0.16 mg P/l, was less than it had been at the Hatton. The ele

vated soluble ortho P concentrations at the Hatton lasted for

about 15 minutes. However, instead of returning to pre-disposal

levels, they leveled off between 0.087 and 0.10 mg P/l until

the next dump (about 1.5 hours after the first dump). The high
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Table 4-79

Ammonium and Nitrate Data: Dump No.1

New York Bight Mud Dump Site

(Collected from the Hudson)

(mg Nil)

Time
(hr:min:sec)

Depth
(m)

Ammonium
(mg Nil)

Nitrate

12:51:20

12:52:55

12:52:55

12:55:30

12:55:35

12:55:4-5

13:01:25

13:01:35

13:01:55

13:21:50

13:22:05

13:22:10

13:26:00

13:26:35

13:26:55

13:27:25

13:27:55

13:28:00

13:28:30

13:28:50

13:29:10

13:29:4-5

13:29:55

13:30:35

13:30:4-5

13:19:00

1

12

23

1

12

23

1

23

12

Dump

1

12

23

1

23

12

23

23

12

23

1

23

12

23

23

12

0.08

<0.05

0.11

<0.05

0.24

0.18

<0.05

0.16

0.09

1 occurred

0.06

0.10

0.16

0.08

0.13

0.05

0.16

1.30

< o. 05

0.60

0.10

0.12

0.12

0.25

< o. 05

0.10

0.04

<0.04

0.04-

<0.04

0.04

0.04

0.04

0.04

0.04-

0.04

0.04

0.04

0.04

0.04-

< 0.04

0.04

0.04

0.04-

< 0.04

0.04

0.04

0.04

0.04

0.04-

< 0.04-

(Continued)
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Table 479 (Concluded)

Time Depth Ammonium Nitrate
(hr:min:sec) (m) (mg NIl)

13:31:15 23 0.16 0.05

13:31:50 23 0.08 0.04

13:32:00 1 0.10 < 0.04

13:32:30 23 0.09 0.05

13:32:45 12 0.12 0.04

13:33:10 23 0.10 0.04

13:33:45 23 0.40 0.04

13:34:30 23 0.28 0.05

13:35:30 23 0.28 0.04

13:36:05 1 0.07 <.0 . 04

13:36:10 12 0.06 < 0.04

13:36:25 23 0.41 0.04

13:38:20 23 0.29 < 0.04

13:52:00 1 < 0.05 < O. 04

13:52:00 12 0.06 0.04

13:52:00 23 0.30 0.04

14:00:00 23 0.24 0.04

14:12:00 23 0.40 0.04

14:20:55 1 < 0.05 0.04

14:21:15 12 0.12 < O. 04

14:21:15 23 0.25 < 0.04

14:31:05 1 0.06 0.04

14:31:25 12 0.14 0.05

14:31:30 23 0.21 < 0.04

14:58:55 1 0.08 <0.04

14:58:35 12 0.11 <0.04

14:59:30 23 0.09 <0.04
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Table 480

Soluble Orthophosp~ate Concentrations: New York Bight Dumps

Nos. 1 and 2, Dredged Materials from Perth Amboy Channel

and Perth Amboy Anchorage
(Collected from the Hatton)

Time Depth Soluble Ortho P (mg P/l)

hr: min: sec) (m) X 3D

12:43:45
12:44:00

13:21:15
13:21:50
13:23:15
13:23:30
13:23:50
13:25:00
13:25:30
13:26:00
13:26:30
13:27:00
13:27:15
13:28:00
13:28:30
13:30:30
13:32:30
13:34:30
13:36:30
13:38:00
13:41:30
13:42:15
13:52:30
14:10:30
14:31:30
14:52:30
14:53:30
15:23:55
15:24:30
15:32:30
15:41:30
15:42:00
15:42:30

15:43:00
15:44:00
15:44:30
15:45:00
15:45:30

0.5
12

·13~ 19 - Dump No. 1
0.5

24
24
0.5

24
24
24
24
0.5

24
24
24
24
24
24
24
24
22
22
0.5

24
24
24
24
24
0.5

24
0.5
0.5

24
0.5

15:43 - Dump No. 2
24
0.5

24
24
24

0.044
0.032

occurred.
0.038
0.056
0.054
0.11
0.096
0.19
0.20
0.19
0.040
0.24
0.16
0.23
0.20
0.24
0.23
0.087
0.17
0.060
0.10
0.050
0.097
0.094
0.073
0.084
0.082
0.076
0.079
0.068
0.045
0.098
0.12

occurred.
0.091
0.087
0.080
0.049
0.011~

0.001

0.001

0.001
0.001

o

0.001

0.001

0.001
0.001

0.001

0.001

o

(~ontinued)
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Table 480 (Concluded)

Time

hr:min:sec)

Depth

(rn )

Soluble Ortho P (mg P/l)

X SD

15:46:00
15:46:30
15:46:45
15:47:00
15:47:15
15:47:15
15:47:30
15:47:45
15:48:00
15:48:15
15:48:30
15:48:45
15:49:30
15:50:30
15:51:45
15:52:30
15:54:30
15:55:00
15:59:30
16:10:00
16:10:30
16:10:30
16:25:30
16:26:00

24
24
24
24
24
0.5

24
24
24
24
24
24
24
24
24
24
0.5
24
24
0.5

24
24
0.5

24

0.12
0.047
0.084
0.17
0.044
0.28
0.034
0.11
0.11
0.14
0.17
0.14
0.17
0.18
0.19

<0.22~':

0.29
0.15
0.20
0.086
0.22
0.17
0.15
0.18

0.001
o
o

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

o
o
o

0.001
0.001
0.001

o
0.001
0.001

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

Dash indicates only one sample was analyzed.

~At time of analysis, there was material suspended in the
sample. Therefore, it was refiltered through a 0.2 ~

pore size membrane filter.

soluble ortho P concentrations in the bottom waters at the

Hudson lasted for about 5 minutes and then fluctuated between

0.037 and 0.075 mg Pil for about 45 minutes.

There were not enough mid-depth samples collected

from the Hatton to characterize the water column during hopper

dredge sediment disposal. However, from samples collected from

the Hudson, it was apparent that there was neither an increase
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Table 481

Soluble Orthophosphate Concentrations: New York Bight Dump

No. 1 ,Dredged' Material' FY"e-m Perth Amboy Channel

(Collected from the "Hudson)

Time Depth Soluble Ortho P (mg P/l)

hr:min:sec) (rn) X SD

12:51:20 1 <0.01
12:52:55 12 <0.01
12:52:55 23 0.011
12:55:30 1 <0.01
12:55:35 12 0.014
12:55:45 23 0.049
13:01:25 1 0.012
13:01:35 23 0.038 0.001
13:01:55 12 <0.01

13:19- Dump No. 1 occurred.
13:21:50 1 0.010
13:22:05 12 0.022
13:22:10 23 <0.01
13:26:00 1 <0.01
13:26:35 23 0.034
13:26:55 12 <0.01
13:27:25 23 0.024
13:27:55 23 0.16
13:28:00 12 < 0.01
13:28:30 23 0.093 0
13:28:50 1 0.028
13:29:10 23 0.064
13:29:45 12 0.032
13:29:55 23 0.13~'~ 0
13:30:35 23 0.033
13:30:45 12 0.014
13:31:15 23 0.067
13:31:50 23 0.061
13:32:00 1 0.028
13: 3,2 : 30 23 0.057
13:32:45 12 0.031
13:33:10 23 0.047
13:33:45 23 0.091
13:34:30 23 0.059
13:35:30 23 0.037
13:36:05 1 0.025 0
13:36:10 12 0.012
13:36:25 23 0.071
13:38:20 23 0.072

(Contillued)
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Table 481 (Concluded)

Time Depth Soluble Ortho P (mg P/1)
(hr:min:sec) (m) X SD

13:52:00 1 0.021
13:52:00 12 0.022
13:52:00 23 0.060
14:00:00 23 0.044
14:12:00 23 0.075
14:20:55 1 <0.01
14:21:15 12 0.029
14:21:15 23 0.043
14:31:05 1 0.016
14:31:25 12 0.042
14:31:30 23 0.031 0
14:58:55 1 01025
14:58:35 12 0.031
14:59:30 23 0.038 0.001

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

Dash (-) indicates only one sample was analyzed.

~"Samp1e refiltered through O. 2 l-l pore size membrane filter
prior to analysis.

in turbidity nor a substantial increase (to 0.034 mg P/1) in

soluble ortho P.

There did appear to be an increase in soluble ortho

P concentrations (to 0.11 mg P/l) in the surface water samples

collected on the Hatton a few minutes after Dump No.1. This

is likely to be spurious since there was no corresponding in~

crease in turbidity. There appeared to be no increase in

soluble ortho P in the surface waters near the Hudson during

monitoring.

Dump No.2

When monitoring of New York Bight Dump No. 1 was

completed, the Hudson repositioned down surface current from

the disposal area for the monitoring of the second disposal

operation. During Dump No.2, 2,500 cubic yards of material

dredged by clamshell dredge from the Perth Amboy Anchorage
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were dumped, by scow, at the mud dump site. Figure 158 shows

the physical setting during this dump in which the Hudson was

positioned down surface current, and the Hatton, down bottom

current from the dump location. The captain of the tow boat

was instructed to tow the scow between the two boats and dump

upon command.

Water column optical properties. Tables 46·9 and 482

present the turbidity values for water samples collected aboard

the Hatton and Hudson, respectively during Dump No.2. It

appears from these tables and Figures 145 and 159 that the only

significant increase in turbidity occurred in the near bottom

water at the Hatton. It took in excess of 40 minutes for the

turbid plume near the bottom to pass the Hatton's location.

Examination of the near bottom percent light trans

mission data (Figure 160)obtained by Gordon's group aboard

the Hatton shows that the bottom water tubidity had returned

to essentially pre-dump levels by about 0.5 hrs after the dump.

Figure 161 shows that at the position of the Hatton, no in

creased turbidity was observed in the surface waters. However,

the waters below 9 m did show several periods of decreased

percent light transmission, indicating the passage of the turbid

plume. The percent light transmission values are highly var

iable at this location, indicating a billowing characteristic

of the turbid plume.

Since the Hudson was positioned down surface current

from the dump site, the transmissometer was fixed at the 3 m

depth to monitor near surface percent light transmission during

the passage of the turbid plume. The data are presented in

Figure 162. Essentially no change was observed at the 3 m

depth during Dump No.2. These results indicate that the sus

pended sediment associated with the dump moved with the bottom

currents, below the thermocline, from the dump site. Little

or no increase in surface water turbidity was noted at either

sampling site.
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Positions of Sampling Vessels at Mud Dump Site
During Monitoring of New York Bight Dump No.2
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Table 482

Turbidity Values: New York Bight Dump No.2,

Material Dredged from Perth Amboy Anchorage

(Collected from the Hudson)

Time
(hr:min:sec)

15:35:00
15:35:30
15:36:00

15:44:20
15:44:30
15:44:45
15:47:10
15:47:30
15:47:30
15:51:05
15:51:20
15:51:40
15:52:00
16:16:55
16:17:15
16:17:15
16:18:15
16:19:15
16:19:30
16:20:00
16:20:20

Depth
(m)

12
1

23
15;43 - Dump No.2 occurred.

12
1

23
12
23

1
1

23
12

1
1

12
23
23
23

1
12
23

Turbidity
(NTU)

1
1

27

1
1

33
o. 6
27
o. 5

1
44
o•5

1
0.7
o. 8

8
7
2

o•6
0.5
23

Currents. Table 483 shows the effects' of the dump

on the bottom currents at the Hatton's position. The results

were similar to those seen during Dump No.1. There was a

surge in current velocity as the bottom plume passed the

sampling vessel. The peak speed, 2.1 knots, was observed 2

minutes after disposal. As with Dump No.1, the direction of

the current fluctuated slightly during monitoring.

Dissolved oxygen, temperature, salinity, and pH.

Material mechanically dredged from the Perth Amboy Anchorage

was disposed of at 15:43 hrs. Pre- and post-disposal D.O.,

temperature, salinity, and pH profiles were made at the Hatton.

The data presented in Table 484 and Figures 163 and 164 show
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Table 483

Bottom Current Velocity and Direction:*

New York Bight Dump No.2

Time
(hr:min:sec)

15:35:00
15:37:00
15:38:00
15:39:00
15:40:00
15:41:00
15:42:00
15:42:30

15:43
15:43:30
15:44:00
15:44:18
15:44:36
15:45:00
15:45:18
15:45:30
15:46:00
15:46:30
15:47:00
15:47:30
15:48:00
15:48:30
15:49:00
15:50:00
15:52:00
15:58:00

Speed
(knots)

0.33
0.38
0.46
0.55
0.41
0.39
0.34
0.26

Dump No. 2 began.
0.25
0.31
0.38
0.80
2.10
1.20
0.60
0.30
0.46
0.41
0.23
0.12
0.13
0.18
0.31
0.22
0.30

Direction
(Omagnetic)

225
260
265
280
175
153
146
130

140
172
230
228
219
210
195
219
211
190
190
142
170
190
204
230
180

*Current meter set at 27 ill, 1 m off bottom.

no appreciable difference between these profiles. As shown ln

Figure 165 , the D.O. at 24.5 increased to 3.2 mg/l from 1.3 mg/l

(the background level) six minutes after disposal. There was

a steady decrease in D.O. levels thereafter. By 16:00 hrs,

they returned to 1.4 mg/l.

The D.O., temperature, and pH profiles made aboard

the Hudson are presented in Table 485. While infrequent

measurements were made at any single depth, from the data
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Table 484

Pre- and Post-Disposal Water Column Profile:

New York Bight Dump No. 2 , Dredged

Material from Perth Amboy Anchorage

Destination Depth Temp D.O. Salinity
and Time (m ) (0 C) (mg/l) (0/00) pH

Pre-Disposal
(15:30)

0.5 20 9.6 30.5 8.2
3 20 9.7 30.5 8.2
6 19.5 7.2 30.5 8.1
9 19 6.4 30,5 8.0

12 18 6.3 31.2 7.8
15 17 6.4 32.0 8.1
18 15 5.4 31.2 8.0
21 12,5 3.3 32.0 7 . 8
24 11 1.4 32,8 7 .6
25 11 1.3 32.8 7.6

Post"'-Disposal
(16:05)

0.5 20 9.3 30.5 8.4
3 20 9.4 30.5 8.4
6 19 7.7 30.5 8.3
9 18 6.3 31.2 8.1

12 17 5.8 32.8 8 , 2
15 15.5 6.3 32.8 8.3
18 14 4.6 32.8 8.1
21 11.5 2,1 32.8 7 . 7
24 11 1.3 32,8 7.8

available there were no significant changes in D.O. resulting

from the dumping operations. The differences noted in the D.O.

profiles pre- and post-Dump No.2 (Figure 166) at the location

of the Hudson, f~om 0.5 to 1 mg/l, are probably related to dif

ferent water masses passing through the region and not asso

ciated with the dump. This is based on the fact that the Hudson

was positioned down surface current from the dump and that the

pre- and post-dump surface concentrations were essentially the

same.
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Table 485

Dissolved Oxygen, Temperature, and pH Profiles ~.~

New York Bight Dump No. 2

(Collected from the Hudson)

Time Depth Dissolved Temperature pH
(hr:min) (m) Oxygen (oC)

(mg/l)

15:32 1 9. 5 19.6 8. 0
2 9.7 19.6 8.0
3 9.6 19.6 8.0

4.5 8 . 8 18.9 8.0
6 7.4 18.8 7.9
8 6. 8 18.7 7.9

10 5 . 7 18.5 7.9
12 4.4 17.3 7.8

15:36 14 6.1 17.0 7.8
16 5.8 15.7 7 . 8
17 4.3 13.8 7.6
19 2. 5 12.8 1.5
21 0.75 11.4 7.4
23 0 10.3 7 . 3

15:44:30 - Dump No. 2 occurred.
15:45 1 10.0 19.5 8.1

2 10.2 19.5 8.1
3 9.8 19.2 8.1

3.5 9.1 19.1 8. 0
5.5 7.4 18.8 8.0

15:47 1 9. 6 17.5 8.1
2 9.9 19.4- 8.1
3 9.3 19.2 8.1
4 8. 6 19.1 8.1

4.5 8.0 18.8 8.0
5.5 7 . 7 18.8 8.0

1 9. 3 19.6 8.1
2 9 . 2 19.5 8.1
3 9. 3 19.4 8.1
4 8. 8 19.3 8.1

4.5 8.7 18.9 8.1
15:50 5.5 8.1 18.8 8.0

1 8.8 19.5 8.1
2 9.0 19.4 8.1
3 8.8 19.2 8.1
4 8.8 18.9 8.0

4.5 8.2 18.8 8.0
15:52 5. 5 7.4 18.8 8.0

(Continued)
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Table 485 (Concluded)

Time
Chr:min)

15:58
16:13

16:20

Depth
(m)

1
2
3
4

4-.5
5.5

1
2
3

3.5
4-.5
5.5

1
2
3

4.5
6
8

10
12
14
16
17
19
21

Dissolved
Oxygen
(mg/1)

8.6
8.7
8.1
9.2
9.1
9.1
9.8

10.1
9.9
9.7
9.2
7.1
9.5
9 • 7
9.1
9.4
7.2
6.5
4.8
2. 8
4.9
5 • 0
3.9
1.1

o

Temperature

COC)

19.4
19.4
19.4
19.4
18.9
18.8
19.5
19.5
19.4
19.2
18.9
18.8
19.5
19.5
19.4
19.0
18.8
18.7
17.9
17.0
16.5
15.3
13.7
11.7
11.1

pH

8.1
8.1
8.1
8.1
8.0
8.0
8.1
8.1
8.1
8.1
8.1
8.0
8.1
8.1
8.1
8.0
8.0
8. 0
7.9
7.8
7 • 8
7.8
7.6
7.5
7.4-

*Measurements made using PLESSEY Environmental Systems
Environmental Profiling System Model 8500 Digital Display
owned and operated by Corps of Engineers, New York District.

Heavy metals. Tables 486 and 487 show the soluble

heavy metals in the samples collected aboard the Hatton and

the Hudson during Dump No.2. Manganese concentrations prior

to the disposal ranged from 17 to 100 ~g/l in the near bottom

water samples. These high concentrations were most likely

related to the first dump. Two samples collected during pas

sage of the turbid plume had concentrations of 93 ~g/l manga

nese, indicating release of manganese. There was also a

large release of iron. Background concentrations of iron

ranged from less than 5 to 38 ~g/l in the surface waters and
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Table 486

Soluble Heavy Metal Concentrations: New York Bight

Dump No. 2, Dredged Material from Perth Amboy Anchorage

(Collected from the Hatton)

(ugz L)

-_.,......----~_._--

Time Depth
(hr:min:sec) (m) Hn e1d Cr Zn Ni Pb Cu Fe Hg As

-----_._.~

15:41:30 0.5 100 0.8 <2 1.3 <2 3.5 <1 <5 <0.005 7.0
15:42:00 24 17 0.9 <2 2.5 <2 6.6 1.0 59 0.026 9.8
15:42:30 0.5 <10 < 0.5 <2 <1 <2 3.5 <1 38 0.026 9.0
15:43:00 24 83 < 0.5 2.3 <1 <2 3.5 <1 34 0.026 6.5
15:44:00 0.5 67 0.8 <2 2.9 <2 4.5 <1 4 <0.005 7.0
15:44:30 24- 50 0.7 <2 1.6 <2 4.5 <1 100 0.026 8.7

15:44:30 - Dump Occurred.
15:45:00 24 67 < 0.5 2.0 <1 <2 4.5 <1 35 <0.005 11. 0
15:45:30 24 < 10 < 0.5 <2 <1 <2 1.8 <1 1301 0.026 n.5

J-I 15:46:00 24 83 1.0 <2 <1 <2 5.6 <1 1315 <0. v05 11.0
0 15:46:30 24 <10 1.5 2.0 21. 0 <2 <1 <1 1396 0.015 9.2m 15:46:45 24 44 2.2 <2 1l.5 "1.4 12.1 2.1 23 <0.005 6.6+:" 15:47:00 24 93 <0.5 2.8 29.0 <2 <1 1.9 68 <0.00'5 6.1

15:47:15 24 II 1.3 <2 10.1 6.7 22.4 1.4 1418 0.015 i i .»
15:47-:15 0.5 n 0.9 <2 2.7 6.7 8.7 <1 24 0.139 6.8
15:47:30 24 44 1.9 <2 4.4 <2 11. 5 4.6 1965 < 0.005 9.2
15:47:45 24 < 10 2.2 <2 <1 8.0 8.2 <1 1250 <0.005 12.5
15:48:00 24 < 10 0.9 3.2 <1 7.1 6.2 <1 1074 < 0.005 12.7
15:48:15 24- < 10 0.9 <2 <1 7.6 8.1 <1 1732 < 0.005 12.7
15:48:30 24 <10 2.0 <2 15.9 4.4 10.4 <1 202 0.051 5.6
15:48:45 24 44 1.8 2.4 3.7 9.7 13.0 4.5 28 <0.005 n.l
15:49:30 24 < 10 2.5 2.4 16.6 < 2 <1 <1 78 <0.005 9.4
15:50:30 24 < 10 < 0.5 2.4- 25.9 <2 <1 <1 127 < 0.005 n.5
15:51:45 24 60 0.9 2.7 <1 8.1 5.3 <1 no 0.015 8.0
15:52:30 24 93 <0.5 2.4 17.6 11.0 7.8 <1 1089 ':0.005 10.6
15:54:30 0.5 60 0.7 5.6 4.9 3.4 13.8 <1 23 < O. 005 6.1
15:55:00 24 <10 0.7 2.0 25.1 < 2 <1 <1 176 0.006 10.4
15:59:30 24 28 2.5 2.0 26.2 3.7 4.0 2.1 88 < 0.005 12.0
16:10:00 0.5 < 10 < 0.5 3.6 291 < 2 5.7 <1 26 < 0.005 8.9
16:10:30 24 28 0.5 2.4 25.7 10.0 2.7 4.0 99 < 0.005 9.2

24 < 10 1.1 3.2 <1 9.7 6.0 4.4 104 0.068 7.1
16:25:30 0.5 < 10 1.0 < 2 1.4 5.4 5.3 <1 414 <0.005 8.0
16:26:00 24 44 < 0.5 < 2 <1 2.7 < 1 8.3 88 0.015 9.4



Table 487

Soluble Heavy Metal Concentrations: New York Bight

Dump No.2, Dredged Material from Perth Amboy Anchorage

(Collected from the Hudson)

(~g/l)

Time Depth
(hr:min:sec) (m) Mn Cd Cr Zn Ni Pb Cu Fe Hg As

15:35:00 12 ., l < 0.5 < 2 8.1 1.7 < 1 1.4 < 5 0.020 < 2...L.l.

15:35:30 1 28 < 0.5 < 2 5.1 < 2 < 1 2 .6 40 0.020 5.4
15:36:00 23 93 <0.5 < 2 25.4 < 2 < 1 3.5 36 0.030 6. 3
15:44:20 12 < 10 < 0.5 < 2 55.5 6.5 < 1 < 1 14 0.014

f-J 15:44:30 1 52 < 0.5 < 2 8.8 3.7 1.7 < 1 5 0.014
0 15:44:45 23 20 < 0.5 < 2 9.7 < 2 1.7 1.6 42 0.030m
CJ1 15:47:10 12 52 < 0.5 < 2 2.6 3.7 3.6 < 2 20 <0.005

15:47:30 23 < 10 < 0.5 < 2 8.9 3. 6 2.5 < 1 41 0.014
15:47:30 1 488 < 0.5 4.1 < 1 5.7 2.6 1.6 6 0.020 20.5
15:51:05 1 < 10 < 0.5 4.8 < 1 7.1 2.1 1.3 11
15:51:20 23 20 0.7 < 2 1().9 3.9 2.5 2.0 120 0.135

.15:51:40 12 60 < 0.5 2.3 < 1 1.1 2.1 < 1 6 0.055 4.4
15:52:00 1 < 10 < 0.5 2.7 < 1 5.1 4.9 1.1 7 0.055 22.9'
16:16:55 1 60 < O. 5 < 2 < 1 4.9 3.0 1.0 13 - 4.4
16:17:15 12 < 10 < 0.5 < 2 44.2 4.4 2.5 < 1 10 0.135
16:17:15 23 20 < 0.5 < 2 8.1 3.1 2.0 < 1 24 0.014
16:18:15 23 52 < 0.5 < 2 3.8 1.1 1.1 < 1 24 0.135
16:19:15 23 36 < 0.5 < 2 8.4 1.4 1.4 < 1 <5 0.135
16:19:30 1 < 10 < 0.5 < 2 14.1 3.0 2 .9 < 1 13 ~. 4.9
16:20:00 12 < 10 < 0.5 < 2 9.7 5.6 < 1 < 1 8 - 6.8
16:20:20 23 < 10 < 0 . 5 < 2 14.9 1.4 3 .6 < 1 53 0.014

--
Dash (-) indicates not analyzed.



34 to 59 ~g/l in the near bottom water. Iron release showed

two peaks: 1396 ~g/l 2 minutes after disposal and 1965 ~g/l

(at 15:47:30 hrs). Zinc was released in three waves. The

Zlnc concentrations ranged from 10.1 to 29 ~g/l in the first

wave (between 2 and 3 minutes after disposal), from 3.7 to

25.9 ~g/l in the second wave (between 4 and 5.5 minutes after

disposal), and from 17.6 to 26.2 ~g/l in the third wave (from

8 to 26 minutes after disposal). This wave-like pattern fol~

lowed the general patterns seen for changes in percent light

transmission during passage of the turbid plume. The 291 ~g/l

value of zinc in the surface sample collected at 16:10:00 hrs

was likely due to contamination during sampling or analysis.

Cadmium, chromium, nickel, lead, arsenic, mercury,

and copper were released in small amounts. Maximum concentra

tions were 2.5 ~g/l cadmium, 5.6 ~g/l chromium, 11.0 ~g/l

nickel, 22.4 ~g/l lead, 12.7 ~g/l arsenic, 0.051 ~g/l mercury,

and 8.3 ~g/l copper. The single surface concentration of

0.139 ~g/l mercury was also likely a result of contamination.

Table 487 shows the soluble metals in samples col

lected at the Hudson, which was down surface current from the

dump. One surface sample collected three minutes after the

dump had a high concentration of manganese, 488 ~g/l and a

slightly elevated arsenic concentration, 20.5 ~g/l. Other

surface water samples had metals concentrations generally in

the background range or slightly above it. Some near bottom

water samples showed elevated iron concentrations, up to 120

~g/l at seven minutes after the dump.

Nitrogen compounds. The surface water ammonium con

centration at the Hatton during Dump No. 2 was not affected by

the dump. As shown in Table 488, In the bottom water, ammonium

rose sharply one minute after the disposal, followed by three

increases and a leveling off near ambient concentration after

about 40 minutes. Higher ammonium concentrations were found
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Table 488

Ammonium and Nitrate Data: New York Dump No.2

(Collected from the Hudson)

(mg Nil)

Time Depth Ammonium Nitrate
(hr:min:sec) (m) (mg NIl)

15:35:00 12 0.14 <0.04

15:35:30 1 0.06 <0.04

15:36:00 23 0.17 <0.04

15:44:30 - Dump No. 2 occurred.

15:44:30 1 0.16 0.05

15:44:45 23 0.19 0.05

15:47:10 12 0.11 0.05

15:47:30 23 0.16 0.05

15:47:30 1 0.12 <0.04

15:51:05 1 0.10 <0.04

15:51:20 23 0.05 0.05

15:51:40 12 0.11 <0.04

15:52:00 1 0.11 <0.04

16:17:15 23 0.22 o. () 5

16:18:15 23 0.13 D.05

16:19:15 23 0.18 0.05

16:20:20 23 <0.05 0.05

during Dump No. 2 than during Dump No.1. Nitrate concentra

tions were again below the detection limit of 0.04 mg Nil for

all samples collected. Dump No. 2 appeared to have no effect

on the ammonium and nitrate concentrations in the water column

near the Hudson.
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Phosphorus compounds. During Dump No.2, the sol

uble ortho P concentrations CTable 480) of the Hatton's bottom

water samples fluctuated greatly but appeared to increase over

all. As with the other chemical parameters, the fluctuations

in phosphorus seemed to follow the wave-like character of the

turbid plume. This fluctuation and increase roughly corres

ponded to changes in percent light transmission and turbidity

level. Concentrations rose from the pre-disposal range of

0.08 to 0.1 mg P/l to as high as 0.22 m~ P/l after the dump.

Forty minutes after the dump, the concentrations near bottom

had not returned to pre-disposal levels.

In the near bottom waters, near the Hudson CTable

489), there appeared to have been some release of soluble

ortho P following the dump; however, there was no correspond

ing increase in turbidity. There also appeared to be a slight

increase in mid-depth water, from 0.OLt6 mg P/l before the dump

to 0.11 mg P/l after it. Again, this increase may have been

spurious or related to a factor other than turbidity since the

turbidity did not increase In the mid-depth waters during the

disposal operation.

The surface turbidity did not appear to have in

creased at either sampling location during Dump No.2. There

did appear to be a slight increase of soluble ortho P in the

surface water at both locations following the dump. Near the

Hatton, concentrations increased from 0.045 to 0.12 mg P/l

before disposal to 0.28 mg P/l four minutes after the disposal.

About 20 minutes later the concentration was found to be 0.086

mg P/l. Down surface current from the disposal at the Hudson

the surface, pre-disposal soluble ortho P concentration was

G.021 to 0.031 mg P/I. The concentrations reached 0.17 mg P/l

one minute after disposal but decreased to ambient levels three

minutes later.

Dump No.3

Hopper dredged material from Bay Ridge Channel was

disposed of in New York Bight Dump No. 3 on September 1, 1976.
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Table 489

Soluble Orthophosphate Concentrations: New York Bight Dump

No.2, Dredged Materials from Perth Amboy Anchorage

(Collected from the Hudson)

Time Depth Soluble Ortho P (mg P/l)

hr:min:sec) (m) X 3D

15:35:00 12 0.046 0

15:35:30 1 0.021

15:36:00 23 0.055

15:43 - Dump No. 2 occurred.

15:44:20 12 0.062 0

15:44:30 1 0.18 0

15:44:45 23 0.13 0.001

15:47:10 12 0.11 0.001

15:47:30 23 0.10 0.001

15:47:30 1 0.030

15:51:05 1 0.028 0

15:51:20 23 0.094 0.001

15:51:40 12 0.034

15:52:00 1 0.031

16:16:55 1 0.051 0.001

16:17:15 12 0.050 0

16:17:15 23 0.060 0

16:18:15 23 0.084 0.001

16:19:15 23 0.16 0

16:19:30 1 0.036 0

16:20:00 12 0.040 0

16:20:20 23 0.067 0

Mean and standard deviation claculated from duplicate analyses of
one sample.

Dash (-) indicates only one sample was analyzed.
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Figure 167 shows the locations of the two sampling vessels

with respect to the path of the Essayons. The weather on this

day was fair with air temperatures around 65°F (19°C). The

seas were rolling with three to four foot swells, and some

white caps were visible. By noon, the swells had increased in

size to 12 to 15 ft.

The dredge released approximately half (3000 cu yds)

of its load on a course northwest/southwest. It then turned

and made a pass northeast/southwest and dumped the remainder

of the load. These dumps are referred to as Dump Nos. 3A and

3B. The Hudson was located 60 m down bottom current from the

Hatton. The direction of the currents during the dump were

such that both sampling vessels were able to monitor the turbid

plumes that occurred below the thermocline arising from both

dumps.

Figures 168 and 169 present turbidity data for water

samples collected near bottom during Dump No. 3 from aboard

the Hatton and Hudson, respectively. This data, as well as

turbidity values at other depths at these locations -ar-e pre

sented in Tables 490. and 491 . The data in the tables show that

there was no discernible increase In turbidity in the surface

waters at the locations of either of the sampling vessels.

There appeared to have been one slightly elevated value at mid

depth at the Hudson, but there was no corresponding increase

in mid-depth water at the Hatton. There appeared to have been

three turbidity peaks In near bottom waters in association with

Dump Nos. 3A and 3B. At the Hatton, the first two of these

occurred four and eight minutes after Dump No. 3A; the third

occur-r-ed five minutes after Dump No. 3B. Duration of these elevated

concentrations were approximately 2, 11, and 25 minutes,

respectively. Corresponding but less intense peaks were found

at the Hudson; the time of the peaks at the Hudson lagged

those at the Hatton by about two to 15 minutes.
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Table 490

Turbidity Values: New York Bight Dump No.3

Dredged Material from Bay Ridge Channel

(Collected from the Hatton)

Time Depth Turbidity
(hr:min:sec) (m) (NTU)

11:11:00 0.5 0.6
11:11:45 12 0.5
11:12:10 24 12
11:18:15 0.5 O. 6
11:18:45 12 0.5

11:19:00 - Dump No. 3A occurred.
11:19:00 24 11
11:21:30 24 10
11:22:30 0.5 O. 8
11:22:45 12 0.5
11:23:00 24 640
11:23:30 12 0.5
11:23:45 24 16
11:24:00 24 32
11:24:30 12 0.5
11:25:15 24 180
11:25:15 24 200
11:26:00 12 0.5
11:27:00 24 470
11:27:30 12 0.5
11:29:00 0.5 2
11:29:30 12 2
11:30:00 24 380

11:32:15 - Dump No. 3B occurred.
11:32:30 0.5 0.5
11:32:45 12 O. 5
11:33:00 24
11:33:45 12 2
11:34:00 24 86
11:34:20 12 O. 7
11:34:40 24 56
11:35:00 12 1
11:35:30 24 30
11:36:00 12 2
11:36:15 24
11:36:45 12 0.5
11:37:00 24 1410

(Continued)
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Time
Chr:min:sec)

11:37:15
11:37:45
11:38:00
11:41:15
11:41:30
11:41:45
11:46:00
11:50:45
11:51:30
11:52:00
12:03:15

Table 490 (Concluded)

Depth
Crn )

24
24
24

0.5
12
24
24

0.5
12
24
24

Turbidity
(NTU)

960
540
860

2
2

570
345

3
2

120
76

Dash (-) indicates no analysis made.

Figures 17Q and 171 show the major trends in percent

light transmission near bottom and at several other depths

during Dumps Nos. 3A and 3B as monitored by Gordon's group

aboard the Hatton. The patterns and times of decreases and

increases in percent light transmission in the near bottom wa

ters during the dump monitoring corresponded to the increases

and decreases in turb~dity as presented in Figure 168. As was

indicated by the turbidity values, the percent light trans

mission in the surface water near the Hatton remained at 100

percent transmission during the monitoring period (Figure 171).

The decrease in percent light transmission found at mid-depth

at about 11:42 hrs was not reflected in the turbidity measure

ments because the decrease and increase to ambient levels was

rapid, and mid-depth was not sampled at the time of the decreased

light transmission. For all other times, percent light trans

mission was 100 percent in mid-depth waters.

1075



Table 491

Turbidity Values: New York Bight Dump No.3

Dredged Material from Bay Ridge Channel

(Collected from the Hudson)

Time
(hr:min:sec)

11:19:30
11:19:35
11:19:40

11:32:50
11:32:59
11:33:15
11:34:00
11:35:55
11:35:55
11:36:00
11:37:00
11:37:10
11:37:40
11:38:25
11:39:05
11:39:50
11:40:30
11:40:35
11:41:20
11:41:25
11:42:20
11:43:00
11:43:45
11:44:35
11:45:15
11:46:00
11:47:00
11:47:35
11:48:20
11:49:05
11:49:50
11:50:45
11:51:35
11:52:30
11:53:30
11:54:25
11:54:32
11:54:32

Depth
(m)

11:19:00 - Dump No. 3A occurred.
1

12
23

11:32:15 - Dump No. 3B occurred.
23
12
23
23
12
23

1
23
12
23
12
23
23

1
23
12
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
12

1
23

(Continued)
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Turbidity
(NTU)

0.5
0.5

46

270
o•3
185

52
0.4

54
O. 5
200
o. 3
260
160

42
100
0.5

16
0.4

52
32

900
480
680
330
370
440
440
460
270
220
220
210
100
170
0.7
O. 6
150



Table 491 (Concluded)

Time Depth Turbidity
(hr:min:sec) (m) (NTU)

~--,~-""",,~

11:55:50 23 65
11:57:05 23 100
11:58:20 23 90
12:04:05 12 1
12:04:10 23 80
12:04:40 1 006

The wa t e r: column profiles of the percent light trans=

mission near the Hudson before and after Dump No. 3 are pre=

sented in Figure 172. The water above 20 meters exhibited no

detectable change after the dump. There was, however, a reduc=

tion of transmissibility below that depth. This follows the

pattern seen during Dump No.1 (Figure 150).

The transmissometer was kept at a fixed depth of 23 m

to monitor the changes in percent light transmission at that

depth. The plot of the data is presented in Figure 1730 The

fluctuations in percent light transmission prior to Dump No. 3B

were the result of Dump No. 3A which occurred at 11:10 hrs. The

low percent light transmission values found at about 11:25 hrs

corresponded to increased turbidity at that depth at that time

(Figure 169). The percent light transmission decreased from

about 74 percent to zero within about two minutes of Dump No. 2Bo

It increased to 60 percent about four minutes later but re=

turned to zerO percent light transmission by about 11:40 hrs.

These changes correspond to turbidity values found in the water

samples collected at the Hudson (Figure 169). The clarity of

these waters did not return to ambient levels during the moni~~

taring period. The most likely explanation was that the
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thermocline (at 13 to 14 m depth) reduced or slowed down the

dilution processes that would normally occur",

C~r£en!~~ Table 492 presents the relevant current

velocity and direction data as measured by BQ Holliday, CE-WES,

aboar-d the Hat_tor~: There was a surge In speed approximately

eight minutes after Dump No. 3A and a longer but less intense

sur-ge beginning about four minutes after Dump No. 3B. There

was no change in direction of the current due to these dumps.

Dis_s_olved __ oxygen, temperature , ,"salinity and pH. The

D. 00 5 Lemper-atur-e , salinity, and pH profiles were made prior to

Dump NOQ 3. The data are presented in Table 493 0 The thermo

cline, at 12 to 14 ill, appears to have migrated somewhat toward

the sur-f-ace compared to similar profiles taken the previous

day. In the earlier profiles (Table 473 and Figure 151 ), the

thermocline appeared to be located at 16 to 18 meters. The

higher thermocline is readily seen in Figure 174 Q

The surface D.O. readings were somewhat higher than

they had been the pr-ev i.o us day, 9. 0 mg/1. compared to 8.1 mg/l.

The temperature values fell within the range established the

day before, as did salinity.

Figure 175 presents the D.O. concentrations at 24.5

TIl durLng Dump NOQ 3. There was an .i.ncr-ease to 2.0 mg/l from

1.4 mg/l shortly after' Dump No. 3A. The D.O. levels returned

to the background range soon after but again increased after

Dump No. 3B. This time the levels remained elevated for over

30 minutesQ

Data for the D.O., temperature, and pH profiles made

aboard the ~udsoE during Dump No. 3 using the Corps of Engi

TI2elS PLESSEY unit are presenied in Table 494 0 Table 495 pre

sents DoD. concentration profiles during the monitoring period.

Examination of these tables shows that even though only samples

collected to a depth of 4.5 m were collected prior to dumping,

the D.O. values in the upper 14.5 m appeared to increaSe by

about 1 to 2 mg/l during the first 19 min following Dump No. 3A.
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Table 492

Bottom Current Velocity and Direction:*

New York Bight Dump No.3

Time
(hr:min:sec)

Speed
(knots)

Direction
(Omagnetic)

215
235
230
235
230
221
2()5
195

260
160
210
255

200
210
168
210
180

220
170
149
142
120
250
200
190
165
165
160
165
179
195
207
221
208
202.
196
172
182
236
243
270
210
218

0.15
0.08
0.05
0.10

No 3A began.
0.09
0.20
0.30
0.53
0.47
0.28
0.13
0.07
0.00
0.07
0.15
0.12
1.50
0.10

- Dump No 3B began.
0.15
0.13
0.12
0.13
0.04
0.05
0.08
0.20
0.48
0.60
0.73
0.77
0.68
0.64
0.58
0.52
0.45
0.41
0.39
0.36
0.30
0.26
0.24
0.12
0.18
0.16

11:11:00
11:13:00
11:15:00
11:19:00

11:19- Dump
11:21:00
11:22:00
11:22:30
11:23:00
11:23:30
11:24:00
11:24:30
11:25:00
11:27:00
11:28:00
11:29:00
11:30:00
11:30:30
11:32:00

11:32:15
11:32:18
11:33:00
11:33:20
11:34:00
11:34:30
11:35:00
11:35:30
11:36:00
11:36:18
11:36:30
11:36:42
11:37:00
11:37:18
11:37:30
11:37:42
11:38:00
11:38:18
11:38:3Q
11:38:42
11:39:00
11:39:30
11:40:00
11:40:30
11:41:00
11:41:30
11:42:00

:': Current meter set at 24m, 1.5 m off bottom.

D~ta collected by B. HQl1iday, CE-WES.
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Table 493

Pre-Disposal* Water Column Profile: New York

Bight Dump No.3, Dredged Material

from Bay Ridge Channel

(Collected at the Hatton)

Depth Temp D.O. Salinity
(m) (OC) (mg/l) (%0) pH

0.5 19.5 9,0 29.9 8 .7
3 19.5 8. 8 29.0 8.7
6 19,5 8 . 6 29.8 8 . 7
9 19.5 8 . 0 29.8 8 . 7

12 19.0 6 . 5 30. 5 8.7
13 16 5 . 8 31.2 8 .6
14 15 4.5 31.2 8.6
15 14.5 3.2 31.2 8.3
18 13 2.6 32.0 8 . 3
21 12 2. 2 32.0 8.2
24 11 1.6 31.2 8.0

~':Time - 14:00.

Insufficient measurements were made in the upper water (sur

face to about 14.5 m) after Dump No. 3B to characterize changes

in D.O. that may have resulted from the dump. The D.O. con

centrations in' .t.he upper waters about 30 minutes after Dump No.

3B were higher than they had been at the time of Dump No. 3A.
The D.O. values at 16.5 to 18 m ranged from zero to

1.8 mg/l during monitoring while below 18 m all values were

essentially zero during monitoring. Since a complete pre

disposal bottom water D.O. profile was not made, any change in

bottom concentrations resulting from the dumps is unclear, in

dicating that there may have been a reduction in D.O. in the

near bottom waters at the Hudson following Dump No. 3A.
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Table '494-

Dissolved Oxygen, Temperature, and pH Profiles:

New York Bight Dump No. 3,· Dredged Material

from Bay Ridge Channel

(Collected at, the Hudson)

Dissolved
Time Depth Oxygen Temperature

(hr:min) (m) (mg/l) (Oe) pH

11:15 1 7 . 9 19.4 8. 0
11:17 2 8.3 19.4 8.0
11:18 3 8.2 19.4 8 . 0
11:18 4 8.2 19.4 8 . 0
11:18 4.5 8 . 2 19.4 8.1

5. 5 8.3 19.4 8.1
11:19 - Dump No. 3A occurred.

11:19 6 8 . 2 19.3 8.1
11:19 7 7.7 19.4 8.1
11:20 8 7 . 6 19.5 8.1
11:20 9 7.6 19.5 8.1
11:20 11 6.6 19.4 8.0
11:21 13 5.1 15.9 7 . 9
11:21 14.5 10.2? 13.8 7 . 7
11:21 16.5 1.3 13.1 7 . 6
11:22 18 0.8 12.1 7 . 5
11:22 20 0.3 10.9 7.4
11:23 22 0.2 10.6 7.4
11:23 24 0.3 10.2 7.4
11:24 22 0.3 10.6 7.4
11:24 20 0 11.1 7 .5
11:24 18 0.4 12.1 7.5
11:25 16.5 0.5 13.1 7 . 5
11:25 14.5 1.5 13.2 7 . 6
11:25 13 3.1 15.4 7 . 7
11:26 11 6.4 19.2 8.0
11:26 9 7 . 5 19.5 8.1
11:26 7 8 . 9 19.4 8.1
11:27 5 . 5 10.0 19.4 8.2
11:27 4 10.1 19.4 8.2
11:27 2 9.8 19.4 8 .2
11:28 1 9.9 19.4 8 . 2
11:28 2 9.7 19.4 8.2
11:28 4 9.6 19.4 8 . 2
11:29 5.5 9.4 19.4 8 . 2
11:29 7 8 . 8 19.4 8.2
11:30 9 7 . 8 19.5 8.1
11:30 11 6.8 19.3 8.1
11:31 13 5.2 15.0 7.8

(Continued)
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Table 494 (Continued)

Dissolved
Time Depth Oxygen Temperature

(hr:min) (m) (mg/l) (OC) pH

11:31 14.5 3 . 0 14.1 7 . 7
11:31 16.5 1.3 12.9 7 . 6
11: 3,2 18 0.6 12.0 7.6
11:32 20 o. 2 10.8 7 .. 5
11:32 22 0 10.3 7 . 5

11:32:15 - Dump No. 3B occurred.
11:33 24 0 10.0 7.4
11:33 22 0 10.4 7 . 5
11:33 20 0.1 11.6 7 . 5
11:34 18 o. 3 12.7 7 . 5
11: 34 16.5 1.2 13.9 7 . 6
11:34 14.5 4.9 18.6 7.9
11:35 13 6. 9 19.3 8.0
11:35 11 7.7 19.6 8.1
11:35 9 8 . 5 19.5 8.1
11:36 7 8 . 5 19.4 8. 2
11:36 5. 5 9.5 19.4 8. 2
11:36 4 9 . 6 19.4 8. 2
11:37 2 9.4 19.4 8 • 2
11:37 1 9.4 19.4 8. 2
11:37 2 9.4 19.4 8.2
11:37 4 0.4- 19.4 8.2
11: 3/7 5.5 9.4 19.4 8.1
11:38 7 8 . 7 19.4 8.1
11:38 18 0-.7 12.2 7.6
11:39 20 0.3 10.9 7.5
11:39 22 o. 2 10.5 7 . 5
11:40 24 0 10.1 7.5
11:40 22 0 10.4 7.5
11:40 20 0.1 11.7 7.5
11:40 18 0.30 12.4 7.5
11:41 16.5 1.0 13.0 7.6
11:41 18 1.0 12.4 7.5
11:41 20 0.1 10.9 7 • 5
11:42 22 0 12.6 7.5
11:42 24 0 12.6 7.5
11:42 22 0 11.8 7 •• 5
11:43 20 0 10.6 7.5
11:43 18 a 10.8 7.5
11:43 16.5 0 12.2 7".5
11:44 18 0.2 11.8 7.5
11:44 20 0 11.1 7'.5
11:44 22 0 10.6 7.ij
11:44 24 Q 10./7 7.~'5

11:45 22 0 10.,4 7.i5
(Continued)
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Table 494 (Continued)

Dissolved
Time Depth Oxygen Temperature

(hr:min) (m) (mg/l) (Oe) pH

11:45 20 0 10.9 7 . 5
11:45 18 0 12.4 7 .5
11:46 16.5 1.4 14.4 7 . 6
11:46 18 2 . 0 12.7 7.6
11:46 20 o. 5 12.1 7 .5
11:47 22 0 10.9 7 . 5
11:47 24 0 10.7 7 .5
11:47 22 0 10.7 7 . 5
11:47 20 0 11.3 7 .5
11:48 18 0 12.4 7 . 6
11:48 16.5 0.6 13.1 7 .6
11:48 18 0.7 12.6 7.6
11:49 20 0.4 11.7 7 . 5
11:49 22 0 10.6 7 . 5
11:49 24 0 10.5 7 . 5
11:50 22 0 10.5 7 . 5
11:50 20 0 11.1 7 .5
11:50 18 0 12.3 7 .5
11:51 16.5 O. 7 13.4 7 . 6
11:51 18 1.1 12.3 7.6
11:51 20 0 11.1 7 . 5
11:51 22 0 10.7 7 .5
11:52 24 0 10.5 7 .5
11:52 22 0 10.8 7 . 5
11:52 20 0 12.0 7 .5
11:52 18 0 12.4 7 .5
11:53 16.5 o. 8 13.4 7 . 6
11:53 18 1.2 12.7 7 . 6
11:53 20 0.4 12.0 7 . 6
11:54 22 0 10.7 7 . 5
11:54 24 0 10.6 705
11:54 22 0 10.7 7 . 5
11:54 20 0 11.9 7 . 5
11:55 18 0.6 12.7 7 . 6
11:55 16.5 1.8 14.1 7 .6
11:55 18 1.3 12.7 7.6
11:56 20 O. 5 11.9 7 . 6
11:56 22 O. 10.9 7 . 5
11:56 24 0 10.6 7 . 5
11:57 . 22 0 10.8 7 . 5
11:57 20 0 11.5 7 . 5
11:57 18 0.1 12.3 7 . 5
11:57 16.5 0.6 13.1 7 . 6
11:58 18 0.5 12.1 7 . 6

(Continued)
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Table 494 (Conbluded)

'I'ime
(hr~min)

11~58

11~58

11 59
11~S9

11~59

12~OO

12 00
12 DO
12 D1
12~Ol

12 01
12 01
12:02
12:02
12:02
12~Cl3

12:03
12:03
1J:03
12:04
1~~:04

1'2~04

12~()5

12:05
J2~D5

12 6
~- .. ~) [J 6

= 2 ~ 06
.. 2 07'
2~07

2 08
12:08
12 D8

12~09

12~lO

L'2 1 o
2:10

Depth
(m)

20
22
211
22
20
18

1605
18
20
22
2 J-J.

22
20
18

16 5
18
20
22
2 Lj.

22
20
1£1

16.5
18
20
22
2~·

~~ 2
o

IB

lQ,,5

11
9
rt
I

2
1

Dissolved
Oxygen
(mg/I)

0.3
o
o
o
o
o

o•6
o 7
O. 2
0.4
a
a
o
o

00 5
1.1
o.3
o
o
o
o

0.1
o 8
1 2
o 5
o
o
o
o

004
1.0
q. 0 5
5.8
'7 8
8 6
807

:1 .. 0,.3
10 3
1001

906

'I'emper-etur-e
(OC)

lloe
10.8
10 '7
1(10 6
1103
12 '2
1209
12 .1+
1103
1007
10,8
100'7
11.2
12.1
1303
12.2
11.5
1008
10.8
10.7
11.6
12 4
13 7
12 1+
11.6
1008
10 9
1009
11.7
12 Li·
1307
15.3
18.9
19 6
19.5
19 L~

19 5
19 6
19 6
19 6

pH

7 • 5
7 • 5
705
705
7 • 5
7 • 5
8 • 6
7 • 6
7 • 5
7 • 5
7.5
7 • 5
7 • 5
7 .5
7 • 6
7 • 6
7 • 5
7 . 5
7.5
7 • 5
7 • 5
7 • 5
7 • 6
7 • 6
7 • 5
7 . 5
7.5
7 • 5
7 • 5
7 • 6
7 • 6
7 • 8
8 • 0
8.1
8 • 2
8 • 2
8 • 2
8 • 2
8 • 2
8. 2

sinacJ~(~~~-'usin~g PLESSEY EnviY10nrnental Systems
Ditital Display - owned and operated by

- New York District.
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Table 495

Dissolved Oxygen Concentrations:* New York Bight Dump No.3

Time--- DepHi- Pissol"v'ed 'rrme Depth -Dissolvea - --Time---- --Dep'tn-Dis-solved
(hr:min) (m) Oxygen (hr:min) (m) Oxygen (hr:min) (m) Oxygen

(mg!l) (mg/l) (mg ZL)

11: 20 1 7.9 11:30 1 - 11: 38 1
2 8.3 2 9.7 2 9.4
3 8.2 3 - 3 -
4 8.2 4 9.6 4 9.4

4.5 8.2 4.5 - 4.5 -
5.5 8.3 5.5 9.4 5.5 9.4

6 8.2 6 - 6 -
7 7.7 7 8.8 7 8.7
8 7.6 8 - 8
9 7.6 9 7.8 9

11 6.6 11 6.8 11
13 5.1 13 5.2 13

14.5 10.2 14.5 3.0 14.5
16.5 1.3 16.5 1.3 .16.5

18 0.8 18 0.6 18
20 0.3 20 0.2 20 0.3
22 0.2 22 0 22 0.2

~ 24 0.3 24 a 24 0
0 11: 25 1 9.9 11: 35 1 9.4 11:40 1
C.D 2 9.8 2 9.4 2
~ 3 - 3 - 3

4 10.1 4 9.6 4
4.5 - 4.5 - 4.5
5.5 8.3 5.5 9.5 5.5

6 - 6 - 6
7 8.9 7 8.5 7
8 - 8 - 8
9 7.5 9 8.5 9

11 6.4 11 7.7 11
13 3.1 13 6.9 13

14.5 1.5 14.5 4.9 14.5
16.5 0.5 16.5 1.2 16.5 1.0

18 0.4 18 0.3 18 0.3
20 a 20 0.1 20 0.1
22 0.3 22 0 22 0
24 - 24 - 24

(Continued)



Table 495 (Continued)

Tiille-- Depth Dissolved Time DeptfinDrssolved---rrme Depth D1sso1ved
(hr:min) (m) Oxygen (hr:min) (m) Oxygen (hr:min) (m) Oxygen

(mg/l) (mg/l) (mg/I)
11:41 1 - 11:44 - J. -------~-----:..-~-~~---~T:~-~I

!-J
o
<.0
tv

11 :43

2
3
4

4.5
5.5

6
7
8
9

11
13

14.5
16.5

18
20
22
24

1
2
3
4

4.5
5.5

6
7
8
9

11
13

14.5
16.5

18
20
22
24

1.0
0.1
o
o

o
o
o
o
o

11:45

2
3
4

4.5
5.5

6
7
8
9

11
13

14.5
16.5

18
20
22
24

1
2
3
4

4.5
5.5

6
7

-8

9
11
13

14.5
16.5

18
20
22
24

0.2
o
o
o

1.4
o
o
o

11:47

2
3
4

4;5
5.5

6
7
8
9

11
13

14.5
16.5

18
20
22
24

1
2
2
4

4.5
5.5

6
7
8
9

11
13

14.5
16.5

18
20
22
24

2.0
0.5
o
o

0.6
o
o
o

(Continued)



Table 495 (Continued)

~
Time Depth Dissolved Time Depth Dissolved Time Depth Dissolved

(hr:min) (m) Oxygen (hr:min) (m) Oxygen (hr:min) (m) Oxygen
(mg/l) (mg z L) (mg/l)

11:49 1 - 11: 51 1 - 11:53 1
2 - 2 - 2
3 - 3 - 3
4 - 4 - 4

4.5 - 4.5 - 4.5
5.5 . - 5.5 - 5.5

6 - 6 - 6
7 - 7 - 7
8 - 8 - 8
9 - 9 - 9

11 - 11 - 11
13 - 13 - 13

14.5 - 14.5 - 14.5
16~5 - 16.5 - 16.5

18 0.7 18 1.1 18 1.2
20 0.4 20 0 20 0.4

I-:-J 22 0 22 0 22 0
0 24 0 24 0 24 0
(0

11:50 1 - 11: 52 1 11:54 1
4? -

2 - 2 - 2
3 - 3 - 3
4 - 1+ - 1+

4.5 - 4.5 - 4'.5
5.5 - 5.5 - 6

6 - 6 . - 7
7 - 7 - 8
8 - 8 - 9
9 - 9 - 11

11 - 11 - 13
13 - 13 - 14.5

14·.5 - l4.5 - 16.5 l.8
16.5 0.7 16.5 0.8 18 0.6

18 0 18 0 20 0
20 0 20 0 22 0
22 0 22 0 24
24 - 24

(Continued) .



Table 495 (Continued)

T~me Depth Df.ssoLved - ~---TIIDe--- Dep'fll---- IITSsolvea Time- Depth Dissolved
(hr:min) (m) Oxygen (hr:min) (m) Oxygen (hr:min) (m) Oxygen

(mg/l) (mg(l) _~/1)

Iri5S-- 1 - 12:01 1

....
o
co
,+::

1T:56

11:57

1
2
3
4

4.5
5.5

6
7
8
9

11
13

14.5
16.5

18
20
22
24

1
2
3
4

4.5
5.5

6
7
8
9

11
13

14.5
16.5

18
20
22
24

1.3
0.5
o
o

0.6
0.1
o
o

11:59

2
3
4

4.5
5.5

6
7
8
9

11
13

14.5
16.5

18
20
22
24

1
2

, 3
4

4.5
5.5

6
7
8
9

11
13

l1f..5
16.5

18
20
22
24

(Continued)

0.5
0.3
o
o

0.6
o
o
o

12:02

2
3
4

4.5
5.5

6
7
8
9

11
13

14.5
16.5

18
20
22
24

1
2
3
4

4.5
5.5

6
7
8
9

11
13

14.5
16.5

18
20
22
24

0.7
0.2
0.4
o

0.5
o
o
o



Table 495(Concluded)

Tiiii.e-- -- - l)epth DIssolvea- --- - - ------~-- --TJ.me Depth DJ.ssolvea
(hrc mi.n) (m) Oxygen (hr:min) (m) Oxygen

(mg/l) (mg/l)

12:08
J--l
o
ill
(J"l

12:03

12:04

1
2
3
4

4.5
5.5

6
7
8
9

11
13

14.5
16.5

18
20
22
24

1
2
3
4

4.5
5.5

6
7
8
9

11
13

14.5
16.5

18
20
22
24

1.1
0.3
o
o

0.8
0.1
o
o

12:05 1
2
3
4

4.5
5.5

6
7
8
9

11
13

14.5
16.5

18
20
22
24

1
2
3
4

4.5
5.5

6
7
8
9

11
13

14.5
16.5

18
20
22
24

1.2
0.5
o
o

9.6
10.1

10.3

10.3

8.7

7.S
5.8
4.5
1.0
O.lf.
o
o

PLESSEYEnvironmental Systems (Model 8500) owned and*Measurements made using
New York District.

*~~Time is the value approximately midway through profile monitoring.
Dump No. 3A occurred at 11:19 hI's; Dump -No. 3B -occurred at 11:32:15 hI's.
Dash (-) indicates no measurement made.

operated by Corps of Engineers-



However, the pre-disposal measurements made aboard the Hatton

showed that the D.O. below 15 m ranged with depth from 3.2 to

1.6 mg/l.

Water column temperature generally ranged from about

19.50C In the surface water to about 10.50C in the near bottom

water. The dumping did not appear to have affected water column

temperatures. The D.O. concentrations in the surface waters

were at or above D.O. saturation for this temperature and salinity.

Heavy metals. Tables 496 and 497 show the soluble

metal concentrations in the samples taken from the two locations

during Dump No.3. The most significant effect of the dump and

plume on metals concentrations was the observed increase in iron.

Seven samples, all of which were associated with elevated tur

bidity, had concentrations over 1,000 ~g/l.

Background manganese concentrations in the near bottom

waters ranged from less than 10 (detection limit) to 44 ~g/l.

Only three samples from near bottom, all in the second plume,

contained concentrations higher than 44 ~g/l. These ranged.

from 60 to 93 ~g/l manganese. Mercury concentrations increased

in mid-depth and near bottom waters. In the mid-depth samples

the concentrations ranged from less than 0.005 (detection limit)

to 0.177 ~g/l mercury. The bottom samples ranged from less than

0.005 to 0.144 ~g/l mercury. Concentrations in the four surface

samples ranged from less than 0.005 to 0.062 ~g/l mercury.

Very few samples collected contained zinc or copper

concentrations over the detection limit (1 ~g/l). The highest

zinc concentration was 25.9 ~g/l, found at the near bottom 2.5

minutes after second dump. The other samples containing con

centrations above detection limits (13 individual samples)

ranged from 1.2 to 4.0 ~g/l zinc. The highest copper concen

tration measured was 59 ~g/l near the bottom at 1.75 min

after the second dump. The other 11 concentrations above the

detection limit ranged from 1.0 to 3.2 ~g/l copper.
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Table 496

Soluble Heavy Metal Concentrations: New York Bight

Dump No. 3, Dredged Material from Bay Ridge Channel

(Collected from the Hatton)

(j.lg/l)

Time Depth
(hr:min:sec) (rn ) Mn Cd Cr Zn Ni Pb Cu Fe Hg As

11:11:00 0.5 < 10 < 0.5 < 2 <1 7.4 <1 <1 < 5 <0.005 3.8
11:11:45 12 11 < 0.5 2. 3 <1 6.0 <1 <1 < 5 <0.005 3.6
11:12:01 24 44 < 0.5 <2 <1 5.0 <1 2.9 87 - 4.7
11:18:15 0.5 11 < 0.5 < 2 <1 8.4 <1 <1 10 0.014 3.6
11:18:45 12 28 < 0.5 <2 <1 6.0 <1 <1 21 0.014 3.1
11:19:00 24 .< 10 < 0.5 3.4 <1 7.4 1.1 <1 70 0.030 3.3

11:19:00 - Dump No. 3A occurred ..... 11:21:30 24 < 10 < 0.5 <2 <1 2.2 <1 1.2 22 <0.005 3.80
<.0 11:22:30 0.5 < 10 < 0.5 3.4 <1 4.3 1.5 <1 7 0.014 3.6
....oJ 11:22:45 12 < 10 < 0.5 <2 <1 7.9 3. 7 <1 6 <0.005 4.0

11:23:00 24 < 10 < 0.5 3.4 <1 6.2 1.7 <1 180 0.014 6.6
11:23:30 12 44 < 0.5 <2 <1 7.0 <1 <1 23 0.014 < 2
11:23:45 24 11 < 0.5 3.4 <1 3.4 1.1 1.9 70 <0.005 < 2"
11:24:00 24 < 10 < 0.5 <2 <1 4.8 1.1 1.3 23 <0.005 7.3
11:24:30 12 28 < 0.5 3.9 <1 7. a <1 <1 < 5 <0.005 6.4
11:25:15 24 < 10 < 0.5 2.3 <1 < 2 2.3 2.6 128 0.014 3.6
11:25:15 24 44 ·0.6 2. 9 <1 7.4 2. 7 3.2 126 0.014 < 2
11:26:00 12 44 < 0.5 <2 <1 < 2 1.7 <1 < 5 <0.005 2.2
11:27:00 24 11 < 0.5 2.3 <1 < 2 <1 2.5 1410 0.014 5.6
11:27:30 11 < 10 < 0.5 <2 <1 2.2 <1 <1 13 0.155 2.7
11:29:00 0.5 28 < 0.5 <2 <1 < 2 5.8 <1 < 5 0.062 10.7
11:29:30 12 33 < 0.5 <2 1.2 4.2 1.2 <1 < 5 <0.005 9.3
11:30:00 24 < 10 < 0.5 2.3 2.9 2.1 7.5 <1 1388 0.029 15.9

11:32:15 - Dump No. 3B occurred.
11:32:30 0.5 < 10 < 0.5 <2 <1 < 2 <1 1.4 < 5 <0.005 9.7
1],:32:45 12 76 0.7 3.1 1.4 1.2 2.8 <1 < 5 0.079 12.4
11:33:00 24 44 < 0.5 < 2 1.5 4.7 21.5 59.0 6969 0.062 14.8
11:33:45 12 < 10 < 0.5 < 2 <1 4.3 <1 <1 20 <0.005 12.4

(Continued)



Table 496 (Concluded)

Time Depth
(hr:min:sec) (m) Mn Cd Cr Zn Ni Pb Cu Fe Hg As

11:34:00 24 < 10 < 0.5 < 2 < 1 3.5 1.5 < 1 32 < 0.005 14.8
11:34:20 12 < 10 < 0.5 < 2 4.0 6.7 3.1 1.9 92 < 0.005 9.7
11:34:40 24 < 10 < 0.5 < 2 25.9 < 2 3.8 1.0 114 0.144 10.3
11:35:00 12 < 10 < 0.5 < 2 < 1 < 2 6.2 < 1 25 0.177 10.7
11:35:30 24 < 10 < 0.5 < 2 1.8 < 2 < 1 < 1 51 < 0.005
11:36:00 12 60 < 0.5 < 2 2.8 < 2 3.8 < 1 < 5 < 0.005 12.1
11:36:15 24 < 10 < 0.5 2.3 < 1 5.8 < 1 < 1 39 0.029 10.0
11:36:45 12 33 < 0.5 < 2 < 1 < 2 6.0 < 1 < 5 < 0.005 9.3
11:37:00 24 < 10 < 0.5 2.5 < 1 4.5 < 1 < 1 2017 < 0.005 12.4

t-J 11:37:15 24 < 10 < 0.5 < 2 < 1 4.3 < 1 < 1 1600 0.013 9.7
0 11:37:45 24 60 < 0.5 < 2 < 1 3.5 < 1 < 1 1286 < 0.005 10.7<.D
00 11:38:00 24 93 < 0.5 < 2 < 1 < 2 6.0 < 1 1293 < 0.005 14.5

11:41:15 O. 5 < 10 < 0.5 < 2 < 1 < 2 1.2 < 1 < 5 0.062 9.3
11:41:30 12 11 < 0.5 2. 5 2. 5 < 2 7 . 9 < 1 53 0.062 13.1
11:41:45 24 400 < 0.5 < 2 < 1 < 2 8.6 < 1 93 0.029 12.8
11:46:00 24 < 10 < 0.5 3.1 4.0 2.5 < 1 < 1 63 < 0.005 8.3
11:50:45 O. 5 < 10 < 0.5 < 2 <, 1 4.5 . < 1 < 1 < 5 0.029 7 • 9
11:51:30 12 < 10 < 0.5 < 2 < 1 5.6 4.9 < 1 128 < 0.005 8.3
11:52:00 24 < 10 < 0.5 < 2 2.1 7.6 < 1 < 1 55 0.013 11.0
12:03:15 24 < 10 < 0.5 3.1 2.0 < 2 7 . 9 < 1 104 0.011 12.8

Dash (-) indicates no analysis made.



Table 497

Soluble Heavy Metal Concentrations: New York Bight Dump No. 3 ,
Dredged Material from Bay Ridge Channel (Collected from the Hudson)

(llg/l)

Time Depth
(hr:min:sec) (rn ) Mn Cd Cr Zn Ni Pb Cu Fe Hg As

11:19:00 - Dump·
11:19:30 1 158 < 0.5 <2 <1 4.6 2.3 1.0 <5 0.020 21.5
11:19:35 12 93 < O. 5 <2 1.2 5.7 4.0 1.3 <5 0.080 4.9
11:19:40 23 < 10 <0.5 <2 <1 8.2 3.9 3.8 11 0.115 23.9

11:32:15 - Dump
11:32:50 23 28 0.9 < 2 3.8 2.1 5.2 <1 429 3.8
11:32:59 12 < 10 < 0.5 <2 18.9 3.8 3.9 <1 <5 0.077 22.4
11:33:15 23 55 1.1 <2 4.6 3.8 2.6 2.7 70 0.011 6.3
11:34:00 23 36 < 0.5 <2 91.3 2. 3 4.7 <1 52
11:35:55 12 60 < 0.5 <2 <1 5.1 3.4 1.1 15 0.100 21.5

I-J
11:35:55 23 22 0.9 <2 <1 4.0 4.1 1.8 38 0.024 5.0

a 11:36:00 1 28 < 0.5 <2 <1 7 . 8 3.5 1.0 <5 0.020 3.4
<.0 11:37:00 23 22 0.9 < 2 <1 4.9 3.7 1.2 67 0.024 5.0 .
<.0 11:37:10 12 < 10 < 0.5 < 2 <1 4.8 3.5 1.5 11 0.090 24.4

11:37:40 49 49 1.0 < 2 2.8 <2 8.4 <1 156 0.024 3.2J.

11:38:25 12 17 0.9 2.1 1.5 <2 2.1 1.2 63 0.024 3.8
11:39:05 23 100 < 0.5 < 2 4.8 <2 1.1 <1 34 0.014
11:39:50 23 < 10 1.0 < 2 1.3 4.0 3.7 1.4 41 0.024 < 2
11:40:30 1 28 < 0.5 3.4 <1 4.9 4.4 <1 79 0.100 23.4
11:40:35 23 < 10 < 0.5 < 2 121.3 6.3 2.4 2.6 41 0.020 27 . 3
11:41:20 12 60 < 0.5 2.4 <1 3.4 2.7 <1 <5 0.090 2.9
11:41:25 23 60 < 0.5 < 2 <1 <2 5.1 3.5 50 0.010 3.9
11:42:20 23 < 10 < 0.5 2. 2 <1 2.8 4.8 3.0 104 0.090 23.9
11:43:00 23 < 10 0.7 3.1 7 . 0 3.2 2.4 <1 10 0.024 2.5
11:43:45 23 27 0.7 2.1 <1 2.7 2.4 <1 563 0.024 3. 8
11:44:35 23 11 0.8 2.9 2.2 3.2 5.0 <1 702 0.207 9.2
11:45:15 23 < 10 1.0 < 2 <1 3.2 5.5 <1 154 0.063 3.8
11:46:00 23 < 10 1.1 2.7 <1 4.3 6.0 1.3 147 0.011 6.9
11:47:00 23 17 O. 9 2.1 <1 3.5 4.9 <1 195 0.077 5.6
11:47:35 23 11 0.9 4.0 <1 4.6 5.2 <1 140 0.037 3.2
11:48:20 23 16 0.9 < 2 <1 4.9 6.2 <1 1476 0.026 3.2
11:49:05 23 130 < 0.5 < 2 <1 3.2 6.3 <1 1586 0.090 2.3

(Continued)



Table 497 (Con01uded)

Time Depth
(hr:min:sec) (rn ) Mn Cd Cr Zn Ni Pb Cu Fe Hg As

11:49:50 23 17 <0.5 2.2 <1 3.2 7.3 <1 1403 0.090 3.2
11:50:45 23 <10 <0.5 2.2 1.8 2.3 7.1 1.9 1469 0.024 4.4
11:51:35 23 82 0.6 <2 1.0 5.0 53.9 71.0 1451 0.024 3.2
11:52:30 23 <10 <0.5 <2 2.7 <2 2.2 3.6 1498 0.063 5.7
11:53:30 23 49 <0.5 <2 <1 2.6 8.5 12.6 339 0.024 <2
11:54:25 12 <10 <0.5 <2 2.0 <2 <1 2.6 10 0.037 <2
11:54:32 1 60 <0.5 <2 <1 <2 <1 2.8 10 0.011 3.2

..... 11:54:32 23 <10 0.7 <2 3.0 2.8 1.6 5.1 80 0.011 5.0..... 11:55:50 23 <10 < 0.5 <2 <1 4.1 <1 4.5 52 0.037 <20
11:57:05 23 193 o. 5 3. 3 8.6 <2 <1 4.5 113 0.024 4.80
11:58:20 23 < 10 0.5 2.6 7.1 <2 <1 5.7 80 0.011 5.0
12:04:05 12 17 < o. 5 <2 2.7 <2 <1 3.0 15 0.024 45.6
12:04:10 23 147 < 0.5 2.3 2.4 <2 <1 4.2 129 0.011
12:04:40 1 17 < 0.5 2.8 2.2 <2 <1 2.6 52 0.037 <2



Soluble lead and arsenic concentrations also showed

moderate increases as a result of the dumping operation. The

highest lead poncentration was 21.5 ~g/l in one near bottom

sample. Others above the detection unit (1 ~g/l) ranged from

1.1 to 8.6 ~g/l. Background arsenic levels ranged from 3.1

to 4.7 ~g/l. Maximum arsenic concentrations for near bottom,

mid-depth,and surface samples were 14.8, l3.l,and 10.7 ~g/l,

respectively. There were no significant changes in cadmium,

chromium,or nickel concentrations resulting from the third

disposal.

Soluble heavy metals concentrations in the samples

collected on the Hudson (Table 497) showed the same pattern seen

in the samples collected on the Hatton. The Dump No. 3A plume

reached the Hudson approximately 14 min after the dump. The

second plume reached the Hudson approximately 10.75 min

after Dump No. 3A. There were elevated iron concentrations

associated with all bottom samples which had a high turbidity

due to the plume passage. Concentrations in the first plume

reached 429 ~g/l iron and in the second plume reached 1586 ~g/l.

Very few samples contained manganese, cadmium, ar

senic,or mercury concentrations above background levels. Back

ground concentrations of manganese ranged from less than 10

to 158 ~g/l at surface, mid-depth, and bottom. Samples taken

in the plumes near the bottom ranged from less than 10 to

147 ~g/l manganese. Background cadmium levels were below the

detection limit at all depths. Samples above the detection

limit ranged from 0.5 to 1.1 ~g/l. Background arsenic concen

trations were 4.9 to 23.9 ~g/l. Samples collected during plume

passage ranged from less than 2 (detection limit) to 45.6 ~g/l

arsenic. Background mercury concentrations were unusually

high. Sur-face , mid-depth, and bottom concentrations were 0'.020,

0~:.080, and 0.115 ~g/l mer-c uny , respectively. One bottom sample

collected approximately 10 minutes after the dump contained

1101



0.207 ~g/l mercury. The others contained from 0.010 to 0.100

~g/l mercury at all depths.

There was some release of chromium, zinc, lea~ and

copper. Background chromium concentrations were below the

detection limit (2 ~g/l). A number of samples from surface,

mid-depth ,and near bottom taken during the passage of the second

turbid plume contained concentrations ranging from 2.1 to 4.0

~g/l chromium. Background zinc concentrations were below the

detection limit of 1 ~g/l at surface and near bottom and 1.2

~g/l zinc at mid-depth. Concentrations in a few near bottom

and mid-depth samples in the first plume ranged from 3.8 to

121.3 ~g/l zinc. Concentrations late in the second plume

ranged from 1.0 to 8.6 ~g/l zinc. Background lead concentra

tions ranged from 2.3 to 4.0 ~g/l. Bottom concentrations in

the first plume reached 8.4 ~g/l. In the second plume, lead

concentrations in near bottom water were generally 1.6 to 8.5

~g/l. One sample contained 53.9 ~g/l lead. Copper concentra

tions prior to Dump No. 3B ranged from 1.0 to 3.8 ~g/l. Many

samples collected during passage of the plume had concentra

tions below the detection limit of 1 l-lg!J".. Those above the

detection limit in the first plume ranged from 1.0 to 3.5 ~g/l

copper. Those above the detection limit in the second'plume

generally ranged from 1.3 to 12.6 ~g/l. One sample contained

71 ~g/l soluble copper.

Nickel concentrations prior to the arrival of the

plume from Dump No. 3B ranged from 4.6 to 8.2 ~g/l. Concen

trations in samples collected during Dump No. 3B plume passage

ranged from less than 2 to 7.8 ~g/l nickel. A slight trend

of nickel decrease was indicated.

In summary, the most notable effect of these disposal

operations on soluble heavy metals concentrations at the dis

posal site was release of iron associated with high turbidity.

There was also some indication lof release of mercury.
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Nitrogen compounds. The ammonium and nitrate data

for the water samples collected during Dump No. 3 from the

Hatton are presented in Table 498. Even though few samples

were collected, it appears that the Dumps Nos. 3A and 3B had

no effect on the surface water ammonium concentrations at the

Hatton. There was possible effect of Dump No. 3B on NH~ in mid

depth water two minutes after the dump which persisted for less

than one minute. Figure 176 presents ammonium concentrations in

the near bottom waters at the Hatton. Ammonium showed two peaks

following Dump No. 3A. However, much higher ammonium release

was observed following Dump No. 3B. Concentrations showed some

fluctuation and though at one point dropped to the ambient level,

did not quite level off at this level during the span of the

sampling period. The ammonium release (2.75 mg Nil) as a result

of Dump No. 3B was higher than that observed during any other

disposal operation in this area. There was no significant effect

of Dumps Nos. 3A and 3B on the nitrate concentrations.

The results of the ammonium analyses for the water

samples collected following Dumps Nos. 3A and 3B from the Hudson

are presented in Table 499. Insufficient data limited any state

ment about the effect of Dump No. 3A on the water column. As a

result of Dump No. 3B, ammonium in the mid-depth water increased

six minutes after the dump and persisted for less than three

minutes. The bottom water ammonium concentration (see Figure 177)

which showed wide fluctuations, returned to values obtained for

the single sample taken after Dump No. 3A occurred.

Phosphorus compounds. In the near bottom waters at

the Hatton soluble ortho P concentrations increased coincident

with increases in turbidity following Dumps Nos. 3A and 3B (Table

500). Pre-disposal concentrations in near bottom waters were

about 0.04 mg P/I. The small peak at 11:23 hrs (to 01094 mg P/1)
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Table 498

Ammonium Data: New York Bight Dump No.3

Dredged Material from Bay Ridge Channel

(Collected from the Hatton)

(mg NIl)

Time
(hr:min:sec)

Depth
(m)

Ammonium
(mg NIl)

Nitrate

11:11:00

11:11:45

11:12:15

11:18:15

11:19:00

11:19:00

11:21:30

11:22:30

11:22:45

11:23:00

11:23:30

11:23:45

11:24:00

11:24-:30

11:25:15

11:25:15

11:26:00

11:27:00

11:27:30

11:29:00

11:29:30

11:30:00

11:32:15

11:32:30

11:32:4-5

11:33:00

0.05

12

24-

O. 5

24-

Dump

24-

O. 5

12

24

12

24

24

12

24

24

12

24

12

o. 5

12

24

Dump

0.5

12

24

0.07

0.09

0.33

0.14

0.15

3A occurred.

0.28

0.12

0.06

0.69

0.05

0.51

0.33

0.09

0.29

0.31

0.09

0.26

0.06

0.08

0.05

0.78

3B occurred.

0.05

0.05

0.42
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0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.06

0.04

0.15



Table 498 (Concluded)

. Time Depth Ammonium Nitrate
(hr:min:sec) (m) (mg NIl)

11:33:45 12 0.05 0.05

11:34:00 24 0.41 0.06

11:34:20 12 0.31 0.05

11:34:40 24 0.25 0.04

11:35:00 12 0.05 0.04

11:35:30 24 0.18 0.04

11:36:00 12 0.05 0.05

11:36:15 24 2.75 0.04

11:36:45 12 0.05 0.06

11:37:00 24 1.71 0.05

11:37:15 24 1.40 0.04

11:37:45 24 1.33 0.04

11:38:00 24 0.98 0.05

11:41:15 0.5 0.04

11:41:30 12 0.05 0.06

11:41:45 24 0.64 0.04

11:46:00 24- 0.66 0.04-

11:50:45 0.5 0.05 0.04

11:51:30 12 0.05 0.04

11:52:00 24- 0.18 0.04-

12:03:15 24 0.50 0.04

Dash (-) indicates data not available.
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Table 499

Ammonium Data: New York Bight Dump No.3

Material Dredged from Bay Ridge Channel

(Collected from the Hudson)

Time
(hr:min:sec)

11:19:30

11:19:35

11:19:40

11:32:50

11:33:00

11:33:15

11:34:00

11:35:55

11:35:55

11:36:00

11:37:00

11:37:10

11:37:40

11:38:25

11:39:05

11:39:50

11:40:30

11:40:35

11:41:20

11:41:25

11:42:20

11:43:00

11:43:45

(mg NIl)

(mg NIl)
---

Depth Ammonium
(m) (mg NIl)

11:19:00 Dump 3A occurred.

1 0.06

12 0.07

23 0.21

11:32:15 Dump 3B occurred.

23 0.70

12 0.05

23 0.41

23 0.39

12 0.05

23 0.34

1 0.05

23 0.58

12 0.05

23 0.88

12 0.44

23 0.42

23 0.55

1 0.08

23 0.27

12 0.05

23 0.34

23 0.30

23 1.65

23 1.26
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Nitrate

0.04

0.04

0.04

0.11

0.04

0.06

0.05

0.04

0.06

0.04

0.06

0.04

0.06

0.04

0.05

0.06

0.04

0.04

0.04

0.04

0.04

0.06

0.04



Table 499(Concluded)

Time Depth Ammonium Nitrate
(hr:min:sec) (m) (mg NIl)

11:44:35 23 0.90 0.05

11:45:15 23 0.81 0.05

11:4-6:00 23 0.72 0.05

11:4-7:00 23 0.69 0.05

11:47:35 23 0.98 0.06

11:4-8:20 23 0.72 0.06

11:4-9:05 23 0.48 0.06

11:4-9:50 23 0.54- 0.05

11:50:4-5 23 0.20 0.05

11:51:35 23 0.4-4- 0.05

11:52:30 23 0.32 0.04-

11:53:30 23 0.37 0.05

11:54-:25 12 0.05 0.06

11:54-:32 1 0.05 0.09

11:54-:32 23 0.44 0.06

11:55:30 .23 0.30 0.06

11:57:05 23 0.50 0.05

11:58:20 23 0.4-4- 0.05

12:04-:05 12 0.05 0.06

12:04:10 23 0.58 0.06

12:04-:40 1 0.05 0.06

1108



12:0712:0111:5511:4911:4311:37
Time (hrs:min)

1.7

1.6

1.5

1.4

1.3

1.2

1.1

1.0

0.9
<,
z
O'l 0.8
E

E 0.7
:::l

c 0.60
E
E

c:( 0.5

0.4

0.3

0.2

0.1

11:19 11:25 11:31

t f
Dump 3A Dump 38

Figure 177
Ammonium Concentrations in Near Bottom Water as a

Function pf Time: New York Bight

Dump Nos. 1, 3A & 3B-Hudson
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Table 500

Soluble Orthophosphate Concentrations: New York Bight Dump
No.3, Dredged Material from Bay Ridge Channel

(Collected from the Hatton)

Time

hr:min:sec)

Depth

(m)

Soluble Ortho P (mg P/l)

X 3D

11:11:00 0.5 0.018
11:11:45 12 0.016
11:12:10 24 0.039
11:18:15 O. 5 <0.01
11:18:45 12 0.016

11:1S - Dump No. 3A occurred.
11:19:00 24 0.024
11:21:30 24 0.047
11:22:30 0.5 0.022
11:22:45 12 0.012
11:23:00 24 0.094
11:23:30 12 0.010
11:23:45 24 0.064
11:24:00 24 0.047
11:24:30 12 0.015
11:25:15 24 0.056
11:25:15 24 0.018
11:26:00 12 < 0.01
11:27:00 24 0.058
11:27:30 12 0.01
11:29:00 0.5 0.27
11:29:30 12 0.28
11:30:00 24 0.16

11:32:15 - Dump No. 3B occurred.
11:32:30 0.5 0.012
11:32:45 12 0.013
11:33:00 24 0.26~·~

11:33:45 12 0.091
11:34:00 24 0.036
11:34:20 12 0.60
11:34: 4D 24 0.068
11:35:00 12 0.035
11:35:30 24 0.048
11:36:00 12 0.049
11:36:15 24 0.10
11:36:15 24 0.71
11:36:45 12 0.052
11:37:00 24 0.27

(Continued)
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Time

hr:min:sec)

11:37:15
11:37:45
11:38:00
11:41:15
11:41:30
11:41:45
11:46:00
11:50:45
11:51:30
11:52:00
12:03:15

Table 500 (Concluded)

Depth

(rn )

24
24
24
0.5

12
24
24
0.5

12
24
24

Soluble Ortho P (mg P/l)

X SD

0.21
0.18
0.22
0.10
0.011
0.19
0.19
0.055
0.043
0.040
0.081

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

Dash (-) indicates only one analysis made.

~':Sample refiltered through O. 2 II pore size membrane filter
~rior to analysis.

coincided with an increase in turbidity to 640 NTU (from 10

to 12 NTU ambient). An increase to 0.26 mg Pil occurred about

a minute following Dump No. 3B. (This was one sample that had

been refiltered through a 0.2 II pore size membrane filter to

remove fine material suspended in the filtered sample). Within

one minute, concentrations were back to pre-disposal levels

and then increased again with the increase in turbidity. The

soluble ortho P concentration, and likewise the turbidity,

remained elevated for at least five minutes followlng that

peak. Twenty minutes after Dump No. 3B, near bottom water

concentrations at the Hatton had returned to pre-disposal con

centrations. As shown in Table 501, the near bottom water at

the Hudson, which was located near down bottom current from

the Hatton, the soluble ortho P concentration was 0.038 mg Pil

40 seconds after Dump No. 3A. This table also shows that near
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Table 501

Soluble Orthophosphate Concentrations: New York Bight Dump

No.3, Dredged Material from Bay Ridge Channel

(Collected from the'Hudson)

Time Depth Soluble Ortho P (mg P/l)

hr:min:sec) (m) X SD

11:19 - Dump No. 3A occurred.
11:19:30 1 0.017
11:19:35 12 0.013
11:19:40 23 0.038

11:32:15 - Dump No. 3B occurred.
11:32:50 23 0.10
11:32:59 12 0.01 0.001
11:33:15 23 0.066
11:34:00 23 0.13 0.001
11:35:55 12 <0.01
11:35:55 23 0.075
11:36:00 1 0.017
11:37:00 23 0.060
11:37:10 12 <0.01
11:37:40 23 0.096
11:38:25 12 0.081
11:39:05 23 0.066 0.001
11:39:50 23 0.18
11:40:30 1 0.019
11:40:35 23 0.047 0.001
11:41:20 12 <0.01
11:41:25 23 0.056
11:42:20 23 0.049
11:43:00 23 0.16
11:43:45 23 0.14
11:44:35 23 0.062
11:45:15 23 0.21 0.001
11:46:00 23 0.16
11:47:00 23 0.12
11:47:35 23 0.24
11:48:20 23 0.25
11:49:05 23 0.10
11:49:50 23 0.14
11:50:45 23 0.070 0.001
11:51:35 23 0.47
11:52:30 23 0.054
11:53:30 23 0.13
11:54:25 12 0.020
11:54:32 1 0.054
11:54:32 23 0.071

(Continued)
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Table 501 (CorcLuded)

Time Depth Soluble Ortho P (mg P/l)

hr:min:sec) (m) X SD

11:55:50 23 0.058
11:57:05 23 0.11
11:58:20 23 0.074
12:04:05 12 0.052 0.001
12:04:10 23 0.091
12:04:40 1 0.024

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

Dash (-) indicates only one analysis made.

bottom concentrations after Dump No. 3B fluctuated between

0.047 and 0.47 mg Pil but without consistent relationship

to the turbidity values. The data show an increase in soluble

ortho P concentration above ambient in near bottom waters dur

ing the sampling period. The peaks and t~oughs, app~aring to be

highly erratic, could not be correlated with the two disposal

events. The maximum concentrations found in the near bottom

waters at both sampling locations were, in general, about the

same but about 17 minutes apart.

At mid-depth at the Hatton, where the turbidity

remained unchanged during monitoring, solubleortho P concen

trations, which were 0.016 mg Pil prior to disposal, showed an

increase to 0.28 mg Pil ten minutes after Dump No. 3A and

returned to ambient levels at the time of Dump No. 3B. This

was followed by an increase to 0.60 mg Pil two minutes after

Dump No. 3B. The level then decreased and fluctuated between

0.011 and 0.052 mg Pil for the duration of the sampling.

In the mid-depth waters near the Hudson, there

was one increase in turbidity, four minutes after Dump No. 3B.
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This coincided with the only increase in soluble ortho·P con

centration, from less than 0.01 to 0&013 mg P/l prior to Dump

No. 3B to 0.081 mg P/l after it. The concentrations, there

after, generally remained within ambient levels. Although the

sampling boats were up surface current from the dumps, and there

appeared to be no increased turbidity in the surface waters,

soluble ortho P concentration increased in the surface water at

the Hatton. One increase occurred at about the same time as an

increase in mid-depth concentration (11:29 hrs). Near the

Hudson, there appeared to be no change in concentration in the

surface water during monitoring. The increase in the surface

water concentration may have been due to contamination of the

surface water samples by the near bottom pump discharge during

sampling.

Both samples collected off the Hatton at 11:36:15

were filtered and analyzed. At this time the turbid water was

coming in pulses, and the differences in concentrations between

these two samples, 0.10 and 0.171 mg P/l, reflect this; the

latter sample was very turbid, whereas the former was much

clearer. These results show the high variability in the sol

uble orthophosphate concentration during this portion of the

study.

Organic compounds. Two samples were taken before

New York Bight Dump No. 3 at 12 and 24 m. Two more samples were

taken at the same depths approximately six minutes after dis

posal was completed. The results of the organic analyses are

presented in Table 502. Aldrin, lindane, and PCBs were detected

in all the samples. In the 12 and 24 m pre-disposal samples,

the concentrations were 1.0 and 1.2 ng/l of aldrin, 1.2 and 1.5

ng/l of lindane, and 4 and 10.0 ng/l of PCBs respectively. The

24 m turbid plume sample showed an aldrin concentration of 26.0

ng/l. The sample taken at 12 m one minute later contained

2.5 ng/l aldrin. Lindane was below the detection limit in the
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Table 502

Data for Organic Compounds and Related Parameters:

New York Bight Dump No.3, Dredged Material

from Bay Ridge Channel

During Bottom Tur-
bid Plume Passage

Pre-Disposal Post Disposal
Time 11:14:00 11:15:00 11:30:30 11:31:30

Depth 12 m 24 m 24 m 12 m

Compound

Chlorinated Hydrocarbons
(ngll)

Aldrin 1.0 1.2 26.0 2. 5
op'DDT <3.0 <3.0 <3.0 <3.0
pp'DDT <3.0 <3.0 <3.0 <3.0
op'DDD <2.0 <2.0 <2.0 <2.0
pp'DDD <2.0 <2.0 <2.0 <2.0
op'DDE <2. 0 <2.0 <2.0 < 2.0
pp'DDE <2.0 < 2.0 < 2.0 <2.0
Dieldrin <1.2 <1. 2 <1.2 <1.2
Endosulfan I <1.2 <1. 2 <1.2 <1.2
Endosulfan II <4.4 < 4.4 < 4.4 < 4.4
Endrin <1.6 <1.6 <1.6 < 1.6
Heptachlor < 0.4 < 0.4 < 0.4 < 0.4
Lindane 1 . .2 1.5 <0.3~·: 2 . 8
PCBs 4 10 17 12

Other Organic Compounds
(mg/I)

Oil and Grease 2 0.5 1 0.5
TOC 5 3 18 2
Soluble TOC 3 3 4 2
TIC 23 29 29 24
Soluble TIC 23 29 28 24

Turbidity (NTU) 23 17 330 1

..':Compound identified on both columns, but below detection limit.
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24 m sample and 2.8 ng/l in the 12 m sample. The PCB concen

trations were 17 and 12 ng/l in the 24 m and 12 m samples.

respectively.

The oil and grease values ranged from 0.5 to 2.0 mg/l

in all these samples. TOC ranged from 2 to 18 mg/l, with both

figures observed in the turbid plume samples. The soluble TOC

had a much narrower range of 2 mg/l (in the 12 m turbid plume

sample) to 4 mg/l (in the 24 m turbid plume sample).

Sandy Hook Channel

The primary sources of contaminants for the New York

Bight are the municipal and industrial wastewater discharges

from New York and New Jersey to Raritan Bay. This bay is

generally recognized as being highly polluted with large amounts

of untreated or only partially treated municipal wastewaters

being discharged to the bay primarily from New York City and

other surrounding communities. While most of the industries

discharging wastewaters to the bay or its tributaries are

providing some type of waste treatment, because of the heavy

concentration of industry in the area, the residual wasteloads

are such that they cause the bay to be highly contaminated

with various types of industrial wastes. While the objective

of this particular study was not to determine the relative

significance of contaminant release from dredged sediment and

from municipal and industrial wastewater sources, it was felt

that it would be of interest to take a set of water samples

from the mouth of Raritan Bay in order to compare the concen

tration of contaminants present at the mouth of the bay to
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that which was found at the dredged material disposal stte

during the time of this study. A set of water samples was

taken in Sandy Hook Channel (see Figure 143) near navigation

Buoy 10 just off Sandy Hook. The data obtained from these

samples are presented below.

The turbidity at this location in the Sandy Hook

Channel ranged with depth from 3 NTU at the surface to 6 NTU

near bottom (Table 503).

Dissolved oxygen, temperature, salinity, and pH. The

D.O., temperature, salinity, and pH profiles were made near

Buoy 10 in the Sandy Hook Channel during high tide. The data

are presented in Table 504 and Figure 178. Neither the tem

perature nor D.O. data showed a distinct thermal stratification

or thermocline like that noted in the mud dump site. The tem-
o 0perature ranged from 20 C at the surface to 17.5 C near the

bottom. The surface D.O. was 6.8 mg/l. The salinity increased

from 28.2 0/ 0 0 at the surface to 29.8 0/00 at the bottom. The

pH was nomogeneous throughout the system at 8.5.

Heavy metals. The five samples collected from the

Sandy Hook Channel were analyzed for soluble heavy metals.

Table 505 shows that there was no particular pattern to the con

centration variations with depth except for iron. Manganese

concentrations ranged from less than 10 to 36 ~g/l. Iron con

centrations ranged from less than 5 to 47 ~g/l with the higher

concentrations being found in the bottom waters. Zinc and

nickel concentrations ranged from 2.0 to 3.4 ~g/l and from 3.4

to 5.0 ~g/l, respectively. Lead and arsenic ranged from less

than 1 to 3.9 ~g/l and from 6.8 to 9.2 ~g/l, respectively.

Chromium and copper concentrations were below their

detection.limits of 2 ~g/l and 1 ~g/l, respectively, in all

samples analyzed. Cadmium was below the detection limit of

0.5 ~g/l in all samples except the one which contained 0.07 ~g/l.

Mercu~y concentrations ranged from less than 0.005 to 0.135

~g/l. Although at some depths at the sampling station in
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Time
(hr:min:sec)

Table 503

Turbidity in Sandy Hook Channel

(Collected from the Hatton)

Depth
(m)

Turbidity
(NTU)

14:04:00 O. 5 3

14:06:00 3 4

14:09:30 6 4

14:12:00 9 4

14:14:30 12 6

Table 504

Water Column Profile: Sandy Hook Channel

September 1, 1976

Depth Temp D.O. Salinity
(m) (0 C) (mg/l) (0100) pH

0.5 20 6.8 28.2 8 . 5

2 19.5 6.4 28.2 8.5

4 19 6 . 0 28.2 8.5

6.5 18.5 5. 8 29.0 8 . 5

8. 5 17.5 5.0 29.8 8.5

10 17.5 5.0 29.8 8 . 5

Time - 14 : 00 hrs.
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Dissolved Oxygen (mg/l)
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Figure 178
Water Column Temperature and Dissolved Oxygen Profile:

Sandy Hook Channel - September 1, 1976
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Table 505

Soluble Heavy Metal Concentrations: Sandy Hook Channel Water

(Collected from the Hudson on September 1, 1976)

(~g/l)

Time Depth
(hr:min:sec) (rn ) Mn Cd Cr Zn Ni Pb Cu Fe Hg As

I-' 14:04:00 0.5 < 10 < 0.5 < 2 2.0 3 .9 2.0 <1 <5 0.13,5 6.8I-'
tV 14:06:00 3 20 0.7 <2 2.7 4.2 < 1 <1 <5 <0.0050

14:09:30 6 36 < 0.5 < 2 3.0 3.4 1.1 <1 <5 0.014- 8.8
14:12:00 9 < 10 < 0.5 < 2 3.4 3.7 3.9 <1 11 0.014- 6.8
14:14:30 12 < 10 < 0.5 <2 2.2 5.0 2. 8 <1 4-7 0.135 9.2

Dash (- ) indicates not analyzed.



Sandy Hook Channel concentrations of mercury and arsenic

appeared to have been slightly greater than ambient levels

found at the mud dump site, in general, concentrations of

heavy metals were about the same at both locations.

Nitrogen compounds. Table 506 presents ammonium and

nitrate data for the samples collected near Buoy 10 in the

Sandy Hook Channel. The ammonium content was on the order of

0.2 mg Nil to 0.05 mg Nil.

Phosphorus compounds. Concentrations in the water

column at Buoy 10 varied from 0.041 to 0.38 mg P/l without

apprent relationship with depth (Table 507). In general,

these concentrations appeared somewhat higher than ambient con

centrations found at the dump site.

Organic compounds. A set of samples were taken at

the 3 m depth from Sandy Hook Channel for organic analyses.

The data are shown in Table 508. Aldrin and PCBs were d~

tected with values of 1.5 and 18 ng/l, respectively. Lindane

was below the detection limit. The oil and grease concentra

tion was 3 mg/l; TOe and soluble TOC were 5 mg/l.
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Table 506

Ammonium and Nitrate Concentrations: Sandy

Hook Channel

(mg Nil)

Time Depth Ammonium Nitrate
(hr:min:sec) (m)

14:04:00 0.5 0.20 0.05

14:06:00 3 0.25 0.05

14:09:30 6.0 0.20 0.05

14:12:00 9 0.16 0.05

14:14:30 12 0.07 0.05

Table 507

Soluble Orthophosphate Concent~ations:

Sandy Hook Channel Wate:r Samples

Time

hr:min:sec)

14:04:00

14:06:00

14:09:30

14:12:00

14:14:30

Depth Soluble Ortho P (mg P/l)

(m) X SD

0.5 0.12 0,001

3 0.14 0

6 o.38

9 0.041

12 0.074

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

Dash (-) indicates only one analysis made.

1122



Table 508

Organic Compounds and Related Parameters:

Sandy Hook Channel

(14:06:00)

Compound

Chlorinated Hydrocarbons
, (ng/l)

Aldrin
op'DDT
pp'DDT
op'DDD
pp'DDD
op'DDE
pp'DDE
Dieldrin
Endosulfan I
Endosulfan II
Endrin
Heptachlor
Lindane
PCBs

Other Organic Compounds
(mg/l)

Oil and grease
TOC
Soluble TOC
TIC
Soluble TIC

Turbidity eNTU)

1.5
<3.0
<3.0
<2.0
<2.0
<2.0
<2.0
<1.2
<1.2
<4.4
<1.6
<0.4
<0.3~"

18

3
5
5
25
25

14

Depth - 3 m.

* Compound identified on both columns, but below detection
limit.
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Mobile Bay, Alabama

Mobile, Alabama is a major port on the Gulf of

Mexico.. The Tombigbee, Tensaw, and Alabama Rivers converge

there to empty into the Gulf. The Tennessee-Tombigbee Water

way, now under construction, will join a major section of the

land-locked Southeast to the Gulf of Mexico through the port

of Mobile. The Corps of Engineers currently maintains the

channel through Mobile Bay to a depth of 42 feet and a width

of 400 feet (see Figure 179).

The University of Texas at Dallas participated in

a joint study to monitor the operations of a hydraUlic pipe

line dredge, the Paul I ...=- Johncke, in the Mobile Bay Channel.

Dr. Nichols and a sampling crew from the Virginia Institute

of Marine Sciences (VIMS) conducted density current studies

of the operation at the same time that the UTD staff was

collecting samples. Field procedures and selection of sedi

ment and water sampling sites were coordinated between the

VIMS and UTD staff so as to provide data of maximum use to

both studies.

Elutriate Tests

Characteristics of Sampling Sites

On June 2 and 3, 1976, UTD participated in this

study. The sampling vessel used was the Mobile District's

Gatlin, a 65-foot Corps of Engineers l survey vessel. On

June 2, 1976, sediment and water samples were collected at

two sites in Mobile Bay (figure 180). Site 1 was near Buoys

21 and 22; Site 2, where duplicate water samples were taken,

was at Buoy 19. These samples were taken approximately fifty

feet in front of the operating dredge. It was close to where

the dredge was scheduled to be uperating on the following

day. The sediments were taken with a Ponar grab sampler,
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placed and sealed in five-gallon polyethylene buckets. Sur

face water samples were taken at the same sites as the sedi

ment with a rope and bucket. Profiles of D.O., temperature,

percent light transmission, and specific conductance were

taken at one meter intervals at each of the two sampling

sites. The Secchi depth at both stations was 0.4 meters.

The sediment and samples were iced down and air freighted to

Dallas that night. They were stored at 40C until elutriation.

On the following day the UTD crew collected 47

sets (two liters per set) of water samples at nine stations

around the discharge of the Johncke's pipeline. (See Figure

183 which follows). Samples were collected with a submersible

pump which could be lowered to a precisely known depth. Two

2.5-gallon cubitainers were collected at Station 2 for pesti

cide analysis. These samples were shipped back to UTD imme

diately and stored at 40C until analyzed. Temperature, D.O.,

specific conductance, and percent light transmission profiles

were run at one meter intervals.

The results of the dredging of Mobile Bay sedi

ments are divided into two sections, elutriate test results

and field studies. These are discussed in this order in this

section 6f the report.

General Sediment Characteristics and Oxygen Demand

The sediments from Mobile Bay were analyzed for

Eh, sulfide concentration, percent dry weight, and particle

size distribution. The sample from Site 1 had an Eh of -51

mv, while Site 2 had an Eh of -9 mv. The mean sulfide con

centrations were 327 mg/kg with a standard deviation of 25

for Site 1; Site 2 had a higher concentration, 577 mg/kg with

a standard deviation of 20., The percent dry weights were

found to be similar, 35 percent with a standard deviation of

1.6 for Site 1 and 31 percent with a standard deviati9n of

0.1 for Site 20 Differences. werefou·nd between thetwosites

in reference to th~ir particle size distribution. Site 1
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was 0 percent clay, 64 percent silt, and 36 percent sand; In

comparison, Site 2 was 10 percent clay, 73 percent silt,

and 18 percent sand.

The oxygen demand test was performed on the two

sediment samples from Mobile Bay, Alabama. Data are shown In

Tables A40 and A41, Appendix A The standard deviation

ranges, 0 to 0.4 and 0 to 0&3 indicate good reproducibility

between runs. The 02 demand for a cubic meter and a gram

dry weight were determined. The sediment from Site 2 ex

hibited a higher demand than Site I. The demand for Site 1
2 -3 =1.was 5.1 x 10 g 02 m and 1.2 mg 02 g dry welght for the

first hour, compared to the higher values of Site 2, 6.3 x

10 2 g 02 m- 3 and 1.6 mg 02 g-l dry weight. The plots of the

data are presented in Figures 181 and 182. The demand curve

in both cases had two components. Site 1 had a fast component

of -0.031 mg/l min-I, while Site 2 was -0.041 mg/l min-I.

The slow components were =0~006 mg/l min=l for Site 1 and

-0.011 mg/l min- l for Site 2. These slopes indicate the sedi

ment from Site 2 has a higher demand than Site Ie

Elutriate Test General Parameters

On June 8, 1976, duplicate 5 percent oxic, 20 per

cent oxic, and 20 percent anoxic elutriate tests were run on

the Site 1 sediment and water. Duplicate 20 percent oxic

and duplicate 20 percent anoxic tests were run on the Site 2

sediment and one of the Site 2 water samples on June 9, 1976.

On the same day, duplicate 5 percent oxic tests were run on

Site 2 sediment using the second (replicate) site water

sample.

Values of the general physical and chemical para

meters measured during elutriate tests on Mobile Bay Site 1

samples are presented in Table 509. During the settling period

of the 5 percent oxic tests the D~00 donceritration decreased

by 1.4 mg/I to about 5.,5 mg/l.. The D .. O.. after mixing of the
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Table 509

General Physical and Chemical Parameters: Elutri~te Tests on

Mobile Bay Site 1 Sediment and Water

D.O.
0

Specific( mg/ 1 @ 2 0 . 8- 21" 0 C)
Sample Aftev After Turbidity Conductance

.Designation Initial Mixing Settling pH (NTU) (~mhos/cm @ 25°C)

Site Water A 6 .. 9 - - 7,,7 25 2862

5% Oxic A 2.2 6,,9 5.5 7 .9 170 4748

B 2,,6 6. 8 5.4 7.7 250 4845
........ 20% Oxic A 0.8 4.6 1.6 7.7 90 8575co
I-l

B <0.5 3.6 1.6 7.7 50 9968

20% Anoxic A 0.5 <0.5 <0,,5 7.8 145 7824

B <0,,5 <0.5 0.9 7" 8 155 8360

A and B are replicates.

Dash (-) indicates not applicable.



20 percent oxic tests was lower than that found after mixing

of the 5 percent tests. The decrease during settling was

also greater in the 20 percent tests, where D.O. decreased

to 1.6 mg/l. This oxygen uptake was approximately twice that

observed in the 5 percent test. The D.G. in the anoxic tests

remained below or near the detection limit of 0.5 mg/l dur

lng settling.

The pH values of the elutriates ranged from 7.7

to 7.9, only slight changes from that of the site water

(7.7). The turbidity increased as a result of elutriation

to about the same degree (to 145-250 NTU) in the 5 percent

oxic and 20 percent anoxic elutriates. The increase found

as a result of 20 percent oxic elutriation was not as great.

The specific conductance also increased upon elutriation.

Values in the 20 percent oxic and anoxic elutriates were

about the same, ranging from 7824 to 9968 ~mhos/cm @ 25 0 C.

The 5 percent elutriate showed less of an increase.

Presented in Table 510 are the values for the

general physical and chemical parameters measured during the

elutriate tests on Mobile Bay Site 2 sediment. The D.O. data

indicate that the 5 percent tests with this sediment had a

slightly higher oxygen demand and the 20 percent tests a

slightly lower oxygen demand than the Site 1 sediment. The

pH appeared to have increased upon elutriation. From site

water pH of 7.0, values in the 20 percent elutriates increased

to 7.8 and 8.0; in the 5 percent elutriates, the pH's were

both 706. Turbidity increased upon elutriation, but the

values in these elutriates appeared to be somewhat lower than

those in corresponding Site 1 elutriat~s. The patterns of

change, however, were the same.. The 20 percent oxic elu

triates had the lowest values (30 and 40 NTU) , and the 5

percent oxic and 20 percent oxic elutriates had higher values

(65-95 NTU). The specific conductance values increased as a

result of elutriation.. The greatest increase Cto9670 llmhos/cm
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Table 510

General Physical and Chemical Parameters: Elutriate Tests on

Mobile Bay Site 2 Sediment and Water

Sample
.Designation

Site Water A

D•O. ( mg11 @ 19 • 0- 2 0 • 2
0

C)
After After

Initial Mixing Settling

6 .. 1

pH

7 • 0

Turbidity
(NTU)

25

Specific
Conductance

(llmhoslcm @ 25°C)

3580

20 96 Oxic A

B

1.1

1,,5

5e8

5.7

3 • 0

2" 3

7,,8

7 • 9

40

30

9670

9670
f-l
f-'
co
co

20% Anoxic A

B

Site Water B

1.4

1.4

5. 9

< O. 5

<0,,5

<0.5

<0.5

7,,9

8.0

7.0

65

70

20

7960

7390

3560

5% Oxic A

B

5.5

5 .. 5

6.6

6 .. 7

6,,2

6.2

7,,6

7.6

80

95

5060

4890

A and B are replicates.

*Site waters A and B were from the same location and collected at the same
time; A was used for the 20 percent tests; B for the 5 percent tests.

Dash (-) indicates not applicable.



@ 25°C) was found in the 20 percent oxic elutriates; some

what lower values were found ~n theanoxicelutriates. The

least increase was seen in the 5 percent e Lut r-Lat e s, The

range of values in Site 2 -duplicateelutriates was smaller

than Site 1, but in general corresponding elutriates had

similar values",

Heavy Metals

The sediment samples analyzed from the Mobile Bay

Channel were analyzed for total content of selected heavy

metals~ The results of these analyses are shown in Table 511.

Iron and manganese concentrations were high in both sedi

mentso Mobile Site 1 contained 2530 mg/kg manganese; Site 2

had 64 g/kg irona Zinc and nickel concentrations were also

high. Zinc levels of 318 and 358 mg/kg were found in Mobile

Sites 1 and 2~ respectivelyo Cadmiull1 9 copper and chromium

concentrations in Mobile Site 1 were 13, 30, and 31 mg/kg,

respectively~ In Mobile Site 2 they were 7, 14, and 34 mg/kg,

respectively9 Mercury concentrations were 0.06 and 0.09

mg/kg in Mobile Site 1 and Site 2, respectivelyo Lead con

centrations were below the detection limit (0.5 mg/kg).

Table 512 presents the soluble heavy metals data

in the site water and elutriates from standard tests run

with site water and sediment from two dredging sites in the

Mobile Bay Channel. The tests resulted in release of mangan

ese and uptake of iron. Zinc was lost from solution in tests

with Mobile Site 1 sediment and released in tests with Site 2

sediment ..

The manganese release was greatest ~n tests with

20 percent sediment. Concentrations in the four 20 percent

tests (oxic and anoxic) ranged from 2900 to 9050 ~g/l in the

tests with Mobile Site 1 and from 1019 to 4675 l-lg/l in tests

with Mobile Site 2. Iron was lost·from solution in all tests

with both sediments.. The site water concentration in the

Site 1 tests was 60 l-lg/l iron.. Concentrations in the 5 percent
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Table 512

Selected Soluble IIcavy HeUls in Sa_pIes rro. tlulriate Tests

Run With Sedi.ent and Water r,'Cua t he Hobi Ie Ray Chdnnel,

Collected June 1, 1916

(lJgll )

Selh.\11 i Ilr. Hn Cd Cr _Zll- --'li- PU ell re ---lI1L- -~
\"':'C.l t ion X so II SO Sl SO Sl SD 'l SO Sl SO ~ SO X SO Sf SO ~ SO

Houi le 51 te 1
Site Water 88 0 1. .. 0 <2 - 12 2.5 5.5 0 ... 3 0 2.6 0 60 1 0.03 0 <2
~\ Ox Lc A 138 0 1.0 0.2 <2 - 13 1.1 5.S 0 3.7 0.9 1.8 0.1 9 1 0.03 0 <2

B lS 0 1.1 0 <2 - 11 ".2 ".3 0.1 3.9 0 1.8 0.1 5 0 \ 0.03 0 <1
20\ Oxic A1900 III 1 L3 0 <1 - 2.. 11. .. ".7 0.2 5.2 0.1 2.0 0.1 16 0 0.03 0 <2

09000 0 1. .. 0 <2 - 20 6.9 5.1 0.2 5.2 0.1 1.9 0 29 1 0.03 0 <2
20\ Anoxic A9025 J5 1.3 0.1 <2 - 20 7.1 ".8 0.5 5.7 0.8 2.3 0." 23 If 0.03 0 <2...

09050 707 0.2 <2 32 11.9... 1.1 - 3.2 0 5.1 0 2.0 0 12 0 0.12 0.01" <1
W

Hobile Site 2CIt
Sile Water 29.. 62 1." 0 <2 - 182 6.0 6.8 0.2 6." 0.9 3.2 0.5 .... 6 0.05 0 <2

5\ Oxic " 507 62 1.3 0.1 <2 - 1..9 22.0 6." 0.7 6.0 0." 2.9 0.8 18 1 0.03 0- <2

8 266 61 L" 0 <2 - 176 1.9 6.1 0 6.0 0 ... 3.6 0.1 16 1 0.03 0 <2
Site Water 182 9 1.3 0.1l <2 17 9.2 6.2 1.1 5.1 0 3.3 0.2 63 0 0.03 0 <2
20\ Oxic II 1019 168 1.2 O. I <2 - 15 0." 7.7 0.5 11.8 1.3 2. 11 0 25 8 0.03 0 <2

B 2688 35" 1. .. 0 <2 - 12 0.8 7.1 1.3 6.1 1.3 7.1 0.1 23 1 0.0 3 0 <7
20\ Anoxic A11675 3511 1.3 0 <2 - )) 2.5 6.5 0.6 6.7 1.3 2.2 0.2 18 0 0.0 3 0 <2

02132 97 1.2 .0 <2 - 38 .7.6 1.3 0.5 5.7 0.8 2." 0.1 18 0 0.03 0 <2

II'lRh (-) lr"lir.cltf~R data 1101 appliealJle.

A "IItJ U dl'e repllca t e s ,

IIc<11l dlltl s t auuar-d dcv i a t Ion ca Lcu Lat e d (roo,. duplicate aUc11ysco.



ox±c tests were 5 and 9 J1g/1 and in the 20 percent oxic and

anoxic tests ranged from 16 t029 ~g/l~ The site water for

the 5 percent oxic tests with ~he Mobile Site 2 sediment con

tained 44 ~g/l and the elutriates contained 18 and 16 J1g/1

iron& The site water used for the 20 percetit tests contained

63 J1g/1. The 20 percent oxic elutriates contained 25 and 23

J1g/1 iron. The 20 percent anoxic elutriates con-tained 18 J1g/1.

In the case of both of these metals the magnitude of increase

or decrease was lesser in the 5 percent tests and greater in

the 20 percent tests. There was no difference between the

oxic and anoxic testSg

Zinc decreased slightly in one of the 5 percent

tests with the Mobile Site 1 sediment, and in both 5 percent

tests with the Mobile Site 2 sediment~ There was increase in

the four 20 percent tests with Mobile Site 1. The site

water contained 12 ~g/l and the elutriates contained 20 to

32 J1g/l zinc. In the 20 percent tests with Mobile Site 2

the site water contained 17 Vg/1 and the elutriates contained

11 to 38 J1g/1 zinc. There was loss of 0inc in three of the

tests and release in one.

Concentrations of chromium and arsenic were below

detection limits (2 ~g/l) in all site waters and elutriates.

There were no analytically significant changes in most of the

other metals. Concentration ranges were 1.0 to 1&4 J1g/1 cad

mium, 3.2 to 7.7 vg/l nickel, 3.7 to 6.7 vg/l lead, and 1.8

to 3.6 ~g/l copper. Concentrations of mercury were Q~03 J1g/1,

in all but two samples", One of the 20 percent anoxic elu

triates contained 0.12 J1g/1, indicating release of mercury

was possible from Mobile site 1 sediment", The site water

used in the 5 percent tests with Mobile Site 2 contained 0 .. 5

lJg/l, mercury, and the elutriates contained. 0 .. 03 lJg!l mercury ..

There were no 'other changes G Despitethelarge concerrtr-at ions

of heavy metals in these sediments, manganese was the 'only

soluble metal readily released intheelutriatetests of the

sediments.
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Nitrogen Compounds

The samples, designated Mobile Bay Sites I and 2,

had organic N contents of 1169 and 953 mg N/kg and ammonium

contents of 381 and 197 mg N/kg, respectively.. The nitrogen

compound concentrations for the Mobile Bay Site 1 elutriates

are listed in Table 513 • The organic N concentrations for

the duplicate oxic elutriates were highly variable. Howeve~,

the organic N concentrations in the anoxic elutriates were

higher than other elutriates. The ammonium release, par

tiCUlarly for the 5 percent tests, was relatively high con

sidering the low ammonium concentration in the site water.

Nitrate decreased in all the elutriates over that of the site

water. An increase in the sediment percent led to a decrease

in the nitrate concentration. However, as expected, the

aeration condition did not seem to have any effect on the ni

trate concentration in the 20 percent oxic and anoxic tests

since the results were comparable.

Table 5'13

Nitrogen Compound Concentrations: Mobile Bay Site 1

Elutriate Test

(mg Nil)

Sample Organic N Ammonium Nitrate
Designation X SD X 3D X SD

Site Water <0.05 ru 0 0.05 0 0.25 0.02

5% Oxic A 0.51 0.02 2,,25 0 0.22 0.01

B 0,,60 0.03 2,,38 0.02 0,,24 0.01

20% Oxic A 0.13 0.10 4.76 0.08 0.14 0.01

B 0.94- 0.21 6,,13 0.06 0,,08 0

20% Anoxic A 1.14- 0.08 4.61 0 0.10 0

B 0.75 0.17 5,,71 0.03 0.10 0

Mean and standard deviation calculated from duplicate analyses.

A and B are replicates.
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The nitrogen compound concerrtna't i.ons for the Mobile

Bay Site 2 elutriate tests are presented in Table 514. Again

organic N concentrations in the anoxic elutriates were higher

than those under oxic conditions. The ammonium release from

this sediment was lower than from Mobile Bay Site 1. For both

Sites 1 and 2 sediments, ammonium release in the elutriates

was higher under oxic conditions than under anoxic conditions

and also increased using higher percent sediment volume. In

all tests, nitrate decreased as a result of elutriation.

Phosphorus Compounds

Table 515 presents the total phosphorus concentra

tions in the Mobile Bay sediment samples on which elutriate

tests were run. These two samples had about the same concen

trations, which were in the order of 613 to 671 mg P/kg.

Tabulated in Table 516 are the con~entrations of soluble

orthophosphate in the Mobile Bay elutriates.. There did not

appear to be much change in concentration as a result of either

5 percent of 20 percent elutriation of Site 1 samples. Con

centrations in these elutriates ranged from 0.063 to 0.10

mg pil compared to 0.061 mg Pil in the site water. There was,

however, limited release under anoxic conditions (from 0.061

mg Pil in the site water to 0.17 and 0.25 mg Pil in the dupli

cate elutriates).

Soluble orthophosphate concentrations in elutriates

from tests on Mobile Bay Site 2 sediment and water samples are

also presented in Table 516. This site water had a lower con

centration (0.02 mg P/l) than the Site 1 water. There appeared

to be release of soluble ortho P as a result of each elutriation.

Concentrations increased from 0.02 mg Pil in the site water to

0.031 mg Pil in the 5 percent oxic elutriates and to about 0.04

mg Pil in the 20 percent oxic elutriates. Greatest release

was found as a result of anoxic elutriation. Those elutriates

had concentrations of 0.086 and 0.11 mg P/l. Overall, the
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Table 514

Nit'rag'en Compound Coricerrt'r-ations :

Mobile Bay Site 2 Elutriate Tests

(mg NIl)

Sample 'O~lganic N Ammonium Nitrate
Designation X SD X SD X SD

Site Water <0.05 'Vo 0.08 0.01 0.28 0.01

5% Oxic A <0 .. 05 'Vo 1 .. 04 0 .. 01 0.37 0

B <0 .. 05 'Vo 0 .. 98 0 .. 01 0 .. 37 0.01

20% Oxic A 0.44 0 .. 09 3.42 0 .. 04 0.27 0

B 0 .. 28 0.10 3.54 0.04 0.25 0.01

20% Anoxic A 0 .. 52 0.05 2 .. 60 0 0.20 0.01

B 0.71 0.03 2 .. 28 0 0.24 0.01

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

A and B are replicates.

Table 515

Total Phosphorus Concentrations:

Mobile Bay Sediment

Sample Total P (mg P/kg dry weight)

SD

Site 1

Site 2

671

613

4

4

Mean and standard deviation calculated from duplicate analyses
of one digested sample.
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Table 516"

Soluble Orthophosphate Concentrations:

Mobile Bay Elutriate Tests

Soluble Ortho P (mg P/l)

Sample X SD

Mobile Bay Site 1

Site Water 0.061 0.001

5% Oxic A 0.058 0

B 0.10 0.001

20% Oxic A 0.053 0

B 0.063 0

20% Anoxic A 0.17 0.001

B 0.25 0

Mobile Bay Site 2 1:

Site Water A 0.02 0.001

20% Oxic A 0.040 0

B 0.043 0

20% Anoxic A 0.11 0.001

B 0.086 0.001

Site Water B 0.019 0

5% Oxic A 0.031 0

B 0.031 0.001

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

*Site water A and B were taken at the same time but were put in
different containers. Site water A was used for the 20% oxic
and 20% anoxic tests. Site water B was used for the 5% oxic
tests.
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Mobile elutriatetests showed good reproducibility with respect

to soluble orthophosphate concentrations in the elutriates.

Bioassays

The results of the bioassay using Mobile Bay, Ala

bama sediments are presented in Table 517. No toxicity was

observed in either the 5 percent or 20 percent sediment tests.

The chemical and physical characteristics of the bioassay

elutriate waters are presented in Table 5IS. The data show

that the total arrunonium nitrogen content for the 20 percent

tests was approximately 3.5 mg Nil with 0.08 mg/l present as

unionized arrunonia. In addition, there were initial decreases

in the D.O. concentrations and increased levels of turbidity.

The initial decreases in D.O. concentration in both of the

20 percent sediment elutriates were severe enough to warrant

a 15 minute aeration of the elutriate waters following the

one-hour settling period. The 15 minute aeration period

did not change significantly the level of arrunonium nitrogen

present in the bioassay elutriate waters.

Table 519 shows the concentrations of D.O. ln

the bioassay elutriate waters utilizing Mobile Bay, Alabama

sediments. Minimal aeration was used to maintain a D.O.

concentration of greater than 2 mg/l. Examination of Table

,520 shows release of manganese and iron to the bioassay elu

triate waters. Both nickel and copper were removed from the

waters while no significant change from the control waters

occurred for cadmium, chromium, zinc and lead.

Total arrunonium nitrogen concentrations in the bio

assay elutriate waters at the end of the 96-hour test period

are presented in Table 521. A comparison of Tables 518

and 521 shows a slight decrease in concentration for the

contr-o l,s and a slight increase in both the 5 and 20 percent

sediment .te.ats ..
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Table ,517

Number of Organisms Alive During the 96-Hour Bioassay:

Mobile Bay, Alabama ~'Site-,<:2;, Sediment

Time Percent Sediment of Total Elutriate Volume

(hr s ) Controls 5% 20%
A B A B A B

0 10 10 10 10 10 10

2 10 10 10 10 10 10

12 10 10 10 10 10 10
I---' 24 10 10 10 10 10 10
f-J
-I=" 36 10 10 10 10 10 10w

48 10 10 10 10 10 10

60 10 10 10 10 10 10

72 10 10" 10 10 10 10

84 10 10 10 10 10 10

96 10 10 10 10 10 10

A and B are replicate bioassay tests.



Table 518
Chemical and Physical Parameters of Bioassay Elutriate Water
After the One Hour Settling Period: Mobile Bay, Alabama

Site 2 Sediment

D.O. Specific Total Unionized
Sample (mg/l @ Conductance Ammonium Ammonia Turbidity Salinity

Designation pH 2loC) (lJI!lhos/cm) (mg Nil) (mg Nil) (NTU) (0/ 00)

Control P; 8.0 7 . 2 39,800 0.025 <0.01 <1 20
Control B 8. 0 7 . 3 39,800 0.023 <0.01 <1 29

5% A 7.9 4.0 40,500 1.16 0.03 86 30
B 8. 0 4.3 40,500 1.23 0.03 81 30

i 20% A 7 . 9 1. 6 39,700 3.57 0.08 13 29
B 7.9 1.2 39,800 3.51 0.08 28 29

~'~
20% A 7 . 9 4. 3 3.50 0.08

~':

B 7 . 9 3 . 8 3.41 0.08

A and B are replicate bioassay tests.
--':
Data after 15 minute aeration following one hour settling period.

~t( ~'~

For bioassay elutriates, unionized ammonia calculated from Skarheim's tables for
fractions of ammonia in undissociated form.



Table 519

Dissolved Oxygen Concentrations in Bioassay Elutriate Waters:

Mobile Bay~ Alabam~ Sit~2-Sediment

Dissolved Oxygen (mg/l @ 21.0 0C)

Time Control 5% 20 %
(hr) A B A B A --~

0 7 . 3 7 . 3 4.0 4.3 1.6 1.2

After 15
min aeration - - - - 4.3 3 . 8/---l

/---l 24 6.0 6. 5 3. 7 4.0 3 . 3 3 .8+"
en

48 4.9 5. 3 3.6 3 . 8 3 . 0 3.7

72 4.8 5. 2 3.6 3 . 8 3.8 3 . 9

96 4.8 5.1 3.5 3 . 6 3.7 3 . 9

A and B are replicate bioassay tests.

Dash (-) indicates no aeration.



Table 520

~elease of Heavv Metals to Bioassay Elutriate Waters:
Mobile Bay, Alabama Site 2 Sediment

(llg!l)

Sample. . \.

Des~gnat~on

Control A

B

Mn .

114

160

Cd

1.8

1.5

Cr

2

2

Zn

10.0

10 .. 0

Ni

18 .. 5

17.5

Pb

5.7

7.0

Cu

13.4

13.1

Fe

14

12

f-I
f-I
+="
en

5%

20%

A

B

A

B

251

327

6138

6282

2.6

1.9

1.3

1.5

2

2

2

2

30 .. 7

14.4

7.7

37.7

8.7

8.7

5.8

6.9

7.0

6.3

5.7

8.3

4.4

4.4

2.5

3.0

2400

2023

874

1241

A and B are replicates.



Table 521

Ammonium Content of Bioassay E1utviate Water

At the End or the 96-hour Bioassay: Mobile

Bay, AlaDam~aS:ite-2 Sediment

@ 21°C

Sample pH Total Arrunonium
(mg Nil)

Unionized Arrunonia
(mg Nil)

Control A 8.0 0.14 0.01

B 8.0 0.15 0.01

5% A 7.9 1.19 0.03

B 8.0 1.30 0.03

20% A 7.9 3.72 0.08

B 7.9 3.74 0.08

A and B are replicates.

Field St\idies

Characteristids tif Sttidy Site

Much of the eastern gulf coast of the United States

is paralleled by a set of barrier islands located a few miles

off the coast. Generally between the barrier islands and

the coast are shallow bays and, in many areas, salt marshes.

Many of the metropolitan centers are generally located some

what inland on the coastal rivers. In many areas, located be

tween the barrier islands and the coast is the intercoastal

waterway. For many parts of the coast, this waterway con

sists of a dredged channel. Also, at many parts of the coast,

dredged channels are present between the open ocean and the

ooastal metropolitan centers. The shallow nature and physical

characteristics of the sediments of the coastal bays and

nearshore open ocean waters through which these channels are
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dredged necessitates frequent dredging. In many instances,

this dredging is done hydraulically with pipeline discharge

of the dredged sediments a few hundred yards from the side of

the channel. In order to evaluate ~he reliability of the elu

triate test as a method for estimating the release of con

taminants for open water disposal of dredged sediments arising

from hydraulic dredging and pipeline disposal of sediments

found along the gulf coast, field studies were conducted near

Mobile Bay, Alabama, and Apalachicola, Florida. This section

of the report presents the results of the Mobile Bay studies.

The next section presents the results of the Apalachicola

studies.

Dissolved Oxygen, Temperature, and Salinity

A p i.peI i.ne dredging operation was monitored on

June 3, 1976, at Mobile Bay, Alabama. The D.O. content of

the water column was measured. Sampling stations 1 through 8

were arranged along three transects. One of these was along

the center line of the dredged sediment discharge plume.

This was determined by a drogue which was released at the

point of discharge which wa& designed to move with the cur

rents of about 0.5 to 1 m depth. The other two followed a.

path approximately 45 0 either side of the center line of the

discharge plume (Figure 183). Station 9 was a "reference"

station located upcurrent from the discharge point.

The D.O., temperature, and salinity profiles of the

water column 15 meters in front· of the dredge were taken on

June 2, 1976. These data are presented in Figures 184 and 185.

In Figure 184 there is noted a gradual decrease in D.O. with

depth, 7.9 mgll at the surface and .3.7 mg/l one meter off

the bottom. Temperatures ranged from 24.50C at the surface

to 22.9 0C at the bottom.. Salinity profiles for the same

water showed 2 %.0' at the surface, with 'slightly greater
o I

than 22 100 at the botto.m. The data presented in Figure 184
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show that on June 2, 1976, the 'channel. had a relatively fresh

water layer of approximateTy2 to "6m thickness overlying

more salinewate.r. The less saline 'water is approximately

2°C warmer than the waters at the bottom of the channel. A

similar profile was taken at Buoy"s21 and 22., The results,

presented in Figure 18,5, show a compar-abl.e vr-ange of readings,

with 8.1 mg/latthe surface and3.6mg/lnear the bottom.

Essentially the same vertical distributions of temperature

and salinity were found on June3as on the previous day.

The monitoring of the dredge disposal area during

disposal began on June 3, 1976. The D.O. of the water column

at the depth of 3 and 4 meters was monitored over a period

of 25 minutes; the data are presented in Figure 186. The

extreme variability of the system 40 meters from the'dis

charge was evident in this graph. The D.O. at 4 meters ranged

from 0.5 mg/l to 6.0 mg/l, while at 3 meters the D.O. ranged

from 3.2 mg/l to 6.2 mg/l. Because of this variability, it

was decided to do a study of D.O. variability in the dis

charge plume. These studies were conducted at Stations 2

and 3.

At Station 2, the water column's D.O. content was

monitored for approximately 60 minutes at five different

depths: 0.5, 1.0, 2.0, 3.0, and 3.5 meters. The data are

plotted in Figure 187. The upper two meters of the water

column exhibited little fluctuation over the sampling period.

The upper meter of water appeared to be little affected by

the disposal operation. The D.O. content of these waters is

near the saturation value for this temperature and salinity.

At the 2 m depth during the early part of the measuring

period, the D.O. content of the water was depressed about

1 mg/l. At 3.0 meters fluctuations of the D.O. levels were

observed, ranging from 1.2 mg/l to ,6.6 mg/l. The water near

the bottom exhibited D.O. depletion throughout the'sampling

period. During this period of time the surface salinity
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ranged from 1.5 to 2 0/00. At a depth of 3.5 m, just above

the bottom, the salinity during the one-hour study period

ranged from 3.5 to 4.8 0/00. The temperature values for all

measurements ranged from 24.2 to 25.10C. The data indicate

the formation of a density current of high o~ygen demanding

materials. The fluctuations in the D.O. levels at 3.0 meters

were most likely caused by fluctuations in the thickness of

the density current.

The same sampling technique was used at Station 3

for approximately 55 minutes (Figure 188). The water of the

upper 2 meters was little affected by th~ disposal operations.

At 3 m depth the D.O. was depressed to 2 to 3 mg/l during

the study period. The bottom waters, 3.5 meters, showed

fluctuations from 0.6 mg/l to 5.6 mg/l. At this station the

density current appeared to be diluted slightly based on the

fact that the salinities were, in general, 3.5 0/ 0 0 compared

to those at Station 2, which were generally above 4 0/ 0 0•

The variable D.O. found near the bottom is likely

due to two causes. It is primarily due to the nature of the

dredging operation in which the oxygen demand of the dredged

sediment slurry is highly variable as a result of the varia

bility of the amount of sediment in the slurry. The opera

tion of the dredge involves sucking a sediment-water mixture

from the bottom of the channel. While the dredgi~g operators

like to achieve a 20 percent sediment in this slurry, since

this is optimum pumping efficiency, this is rarely achieved

for any extended period of time. The suction head on the

dredge swings through an arc back and forth in front of the

dredge as it slowly walks forward. This results in a highly

v~riable percent sediment in the dredge discharge pipe, ranging

from essentially clear water to sediment percentages similar

to that originally present in the undredged sediment. In

addition to a variable oxygen demand in the slurry, the varia

ble percent sediment in the slurry leads to an unstable
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density current which would tend to promote mixing between

the oxygen deficient waters and the density current and the

overlying waters@

Water column DeO. profiles were taken at each

station. The plots of the data obtained are presented in

Figure 189 • The data from Stations 1 through 4 indicate the

extent of the D.00 depletion as a function of depth as one

moves away from the discharge point. As seen in Figures 186,

187 and 188 , as one moves away from the discharge point,

the height of the water mass affected decreases. The changes

in D. 0 .. at Stations 1 through 4 (Figure 18'9) indicate that the

density current was from 1 to 1.5 meters thick at the time

of sampling. The profile data from Stations 5, 7, 8 and 9

(Figure 189) indicate s Lmi.Lan profiles.. The profiles are

somewhat different from Stations 1 through 4 in that the D.O.

never falls below 4.5 mg/l. These stations are less affected

by the dredged material disposal oepration discharge. The

Station 6 profile (Figure 1~9 ), however, resembled those

taken at Stations 1, 2 and 3. It can be concluded that this

area was affected by the disposal operations. This indicates

that part of the discharge plume was moving in a more nor

therly direction.

The turbidity of the water in the disposal site

was monitored using a transmissometer with a 10 cm light path.

The water in the area was quite turbid at all times. Station

9, the reference station, had a maximum transmissivity of

27.3 percent. The changes in transmissivity over a period

of time were monitored at Stations 2 and 3 (Figures 190 and

191). The data from Station 2 showed little noticeable dif

ference between 1.0 and 2.5 meter depths. All of the values

for all depths fell within the range of the readings from

2.5 meters, 10.2 percent to 15 .. 9 percentg The same thing was

true at Station 3 for the readings at 3.5 meters depth; they

ranged from 4g3 percent to 16§9 percent.
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Water column profiles were taken at all the sta

tions using the transmissometer (Figure 192). Due to the al~

ready high turbidity of the water, there are only a few pro

files that correlate well with the D.O. profiles in Figure

188. Station 4 is one of these. The sharp decrease in per

cent transmission occurred at the same depth where a sharp

decrease in D.O. was observed. At Station 1 the high tur

bidity was seen at the surface; Station 2, surface and bottom;

Station 3, a uniform profile; and Station 4, only at the

bottom. These profiles point to a movement and concentration

of particles at the bottom of the water column with increasing

distance from the discharge point, or a formation of density

current. The remaining stations showed relatively uniform

plots with a slight decrease near the bottom. These were

what one would expect and were similar to the reference Sta

tion 9.

Heavy Metals

The concentrations for selected soluble heavy

metals collected from Mobile Bay are shown in Table 522. At

Stations 1, 2, and 3 (see Figure 183 for station locations)

where the density current from the discharge was most evident,

elevated concentrations of iron, and occasionally of arsenic

and cadmium were detected. Zinc concentrations were lower

in the samples taken at these stations than at other stations

that were affected to a lesser extent by the dredged material

discharge. There were no changes in concentrations of man

ganese, chromium, lead, or copper as a result of the disposal.

Soluble iron concentrations at Stations 5 through

9 ranged from 68 to 265 ~g/l. There was no particular pattern

discernible with variation in depth. At Station 1, directly

in front of the pipeline discharge, the concentrations of

iron ranged from 184 to 709 ~g/l. Higher concentrations were

found in the samples taken at 3.5 and 4 meters where the

density current was thickest. Concentrations were high above
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Table 522

Selected Soluble Heavy Metals:

Mobile Bay Samples

(l1g/1 )

Time Depth Mn Cd Cr Zn Ni Pb Cu Fe Hg As
(hr:min)

(m)

Station 1:
9:00 o.5 129 2.1 <2 27.5 5.1 5.5 2.8 337 0.015 3.1

9:01 3~0 99 2.5 <2 13.5 5 .5 6 .2 2.1 302 <0.005 4.4

9 : 02 3.5 129 2.6 <2 14.8 4.9 6 .9 2.5 682 <0.005 10.0

9:03 4.0 114 2.7 <2 11.4 5.1 5.5 2.5 317 0.065 3.1

9:05 2.0 114 2.0 <2 10.7 4.9 5.5 2.0 184 0.065 4.4

9:14 3.0 129 2.7 <2 9.8 4.6 7 . 6 1.7 615 <0.005 7.5
....,

9:15 4.0 160 2.4 <2 8.6 4.0 5 .5 2.4 709 <0.005 9.4....,
en
-.....1

Station 2:
9:40 o.5 84 2.4 <2 24.6 4.6 6 .2 2 .8 265 <0.005 4.4

9:41 1.5 53 2.4 <2 21.3 4.0 6.2 2 .5 171 0.085 2.5

9:42 2.0 84 2.1 <2 14.9 4.0 6.2 2.3 262 <0.005 <2

9:43 3.5 145 2.1 <2 9.1 4.6 6 . 2 5.4 566 0.015 11.3

9:44 3.0 84 2 .2 <2 11~1 4.6 5.5 2.5 129 0.100 6.9

10:20 o.5 114 1.8 <2 21.1 4.2 7 .6 2.4 151 0.135 <2

10:21 1.5 68 2.4 <2 27.4 6.2 6 .2 3.3 190 0.100 3.8

10:23 2.5 99 1.8 <2 23.2 4.2 6.2 2 .5 286 0.015 2 .5

10:25 3 .5 99 2.4 <2 11.1 5.1 7 .6 2.0 503 0.135 5 .0

10:26 3.0 99 2 .2 <2 11.9 5.3 6 .9 2.1 199 0.085 2.5

(Continued)



Table 522 (Continued)

Time Depth Mn Cd Cr Zn Ni Pb Cu Fe Hg As
(hr:min)

(m)

Station 3:

10:52 3.0 84 2.5 <2 12.4 4.9 6.2 1.8 166 0.115 5.0

10:55:302.0 68 1.9 <2 21.3 4.2 4.8 2 .5 245 0.150 <2

10:58:300.5 114 2 .2 <2 27.0 3.8 6 J2 2.1 151 0.085 <2

11:01 1.0 99 1.6 <2 17 .8 4.7 4.9 2.4 324 0.050 2 .5

Station 2:
12:01 o .5 114 1.4 <2 18.6 5.0 5.5 2 .5 285 0.050 <2

I-' 12:02:30 1.5 84 1.5 <2 16.5 4.4 5.5 3.2 240 0.050 <2
I-'

12:05 2.5 114 1.5 <2en 17.1 5.3 6. 7 2.8 379 0.050 5.0
CD

12:06 3.5 129 1.3 <2 21.1 5 .0 7 .9 2 .0 423 0.050 9.4

Station 3:

12:19:30 3.5 175 1.7 <2 9.2 5 .3 6.7 1.9 650 0.050 <2

12:23 3.0 114 1.6 <2 27 .5 5.6 6.1 3.3 333 0.075 6.3

12:25 2.0 145 1.6 <2 28.7 5.3 6 .7 3.1 340 0.050 <2

12:26:30 1.0 84 1.4 <2 24.6 5.6 6.1 2.9 333 0.050 <2

Station 4:

12:41 4.0 99 1.5 <2 22.4 5 .0 5 .5 3 .3 323 0.050 2.5

12:44 1.5 114 1.3 <2 20.3 5.0 5 .5 2.5 297 0.050 <2

12:46 3.5 114 1.1 <2 17.5 4.4- 6.1 2 .9 172 0.050 7 .5

(Continued)



Table 522 (Continued)

Time
Depth Mn Cd Cr Zn Ni Pb Cu Fe Hg As

(hr:min)
(m)

--
Station 5:

;..

13:01 1.0 114 1.6 <2 17.8 4.7 6.1 2 .5 144 0.120 <2

13:02:30 3.0 145 1.1 <2 17.5 4.4 6.1 3.1 241 0.050 3 .8

13:04 3 .5 114 1.6 <2 22.8 5.3 6.7 3.1 280 0.050 <2

Station 6:

13:14:30 3 .5 129 1.5 <2 12.1 5.0 5.5 2.3 190 0.050 <2
~ 13:15:30 3.0 129 1.4 <2 24.0 5. 3 6.1 2 . 7 198 0.050 4.4
~
en

13:17 1.0 129 1.3 <2 16.9 4.7 4.9 2 . 8 142 0.050 7 .5co

Station 7:

13:24:30 1.0 129 1.6 <2 19.4 5 . 0 5 .5 3 . 3 254 0.050 <2

13:25:30 3.0 145 2 .2 <2 24.5 8.6 6.9 3.8 68 0.141 <2

13:26:30 3 .5 145 1.7 <2 31.0 7 .9 5 .5 2 .9 116 0.067 <2

Station 8:

13:36:30 1.0 160 2 . 2 <2 21.5 7 .9 4.8 2.1 237 0.067 3 .4

13:37:30 3.0 129 2.4 <2 40.5 9.0 6 .9 3 . 8 43 0.127 <2

13:39:30 3 . 5 145 2.4 <2 33.7 7.9 5.5 3.1 116 0.067 <2

(Continued)



Table 522 (Concluded)

Time Depth Mn Cd Cr Zn Ni Pb Cu Fe Hg As
(hr:min)

(rn)

--
.... Station 9:
....

13:51 1.0 114 2.4 <2 19.3 8.6 6 . 2 2.4 122 0.127 <2...a
0

13:52 3.0 114 2.1 <2 33.5 8 .3 5 . 5 2 .8 163 0.114 <2

13:53 3.5 190 2 .2 <2 31.7 7 . 9 5 .5 3.4 107 0.067 <2



this depth because the water was still mixed and turbid from

the discharge. Stations 2 and 3 had concentrations from 0 .. 5

to 3.0 meters ranging from 129 to 379 ~g/l iron. In the bot

tom meter of the water column, where the density current

existed, iron concentrations ranged from 423 to 650 ~g/l.

Station 4 was in the same line as Stations 1 thrQugh 3, but

the density current had dissipated somewhat by the time that

it reached this distance. The concentrations at 1 .. 5 and

3.5 meters were 297 and 172 ~g/l iron, respectively, but at

4.0 meters, it was still e~evated, 323 ~g/l.

Arsenic con~entrations at Station 3 through 9

ranged from below the detection limit (2 ~g/l) to 7.5 ~g/l.

There were a few f'amples taken at Stations 1 and 2 which ex

ceeded this range. Two samples taken at 3.5 and 4.0 meters

at Station 1 contained 10 .. 0 and 9.4 ~g/l arsenic, respectively.

Two samples, both taken at 3.5 meters at Station 2, contained

11.3 and 9.4 ~g/l arsenic.. All other samples taken at these

two stations had arsenic concentrations in the range of less

than 2 to 7.5 ~g/l.

Cadmium concentrations at Station 4 through 6 ranged

from 1.1 to 1.6 ~g/l. At Stations 1 through 3 the range was

1.4 to 2.7 ~g/l, with the higher concentrations being found

at Station 1 (2.0 to 2.7 ~g/l). Cadmium levels at Stations

7, 8, and 9 were slightly higher than background and ranged

from 1.6 to 2.4 ~g/l. The elevated Station 9 levels are due

to the close proximity of the dredging operation.

The lowest zinc concentrations (8.6 to 14.9 ~g/l)

were found in the highly turbid samples from Stations 1, 2

and 3, indicating sorption. Concentrations in other samples

at these stations ranged from 16.5 to 28.7 ~g/l. Concentra

tions at Stations 4, 5 and 6 also fell in this range. Slightly

higher concentrations, ranging from 19.3 to 40.5 ~g/l, were

seen at Stations 7, 8 and 9.

Mercury concentrations varied widely. At Stations
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1 through 3 the range was from less than 0.005 ~g/l (detection

limit) to 0.150 ~g/l. At Stations 4, 5, and 6 all samples but

onB contained 0.05 ~g/l mercury. At Stations 7, 8 and 9, the

range was wide, 0.05 to 0.141 ~g/l mercury. The variation

in mercury concentrations at the first three stations was

likely due to the influence of the density current.

There were no patterns of change in concentrations

of manganese, lead, or copper. The ranges of these metals

were 53 to 190 ~g/l manganese, 4.8 to 7.9 ~g/l lead, and 1.7

to 5.4 ~g/l copper. Chromium concentrations in all samples

were below the detection limit of 2 ~g/l.

Nitrogen Compounds

The ammonium and nitrate data for the water samples

collected are presented in Table 523. Water samples from

Station 1, which is 50 meters away from the end 6f the pipe,

showed a pattern of increasing ammonium concentration with

depth which was correlated with increases in turbidity. The

difference in ammonium concentrations in the two samples col

lected at 3 meters depth appeared to have occurred as a re

sult of variation in the density current which is evident

fromthe turbidity and other data. Water samples collected

from Station 2, at a distance of 250 meters from the pipe,

also showed the same pattern of increasing ammonium concen

trations with depth. The density current was much thinner

at this station and the ammonium concentrations higher at

the bottom than those at Station 1. Samples collected one

and a half hours later from this station showed much higher

ammonium concentrations at surface and bottom than the

earlier samples, but the concentrations decreased in mid

depth water.

At a distance of 400 meters from the discharge

pipe at Station 3 the ammonium concentrations in the bottom

water were slightly less than those observed at Station 2.

At Station 4, at a distance of 800 meters from the pipe,
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Table 523-(Comluded)

Sampling Time D(~1h Ammonium Nitrate
Location Chr:min:sec) X SD X SD

Station 3· 10:52:00 3.0 1.60 0.03 0.04 0.01

10:55:30 2.0 0.06 0 0.06 0

10:58:30 0.5 0.09 0 0.08 0.03

11:01:00 1.0 <0.05 'VO ~ ~

12:19:30 3.5 5.70 0.01 0.07 0

12:23:00 3.0 0.29 0.23 0.01

12:25:00 2.0 <0.05 'Vo 0.22 0.01

12:26:30 1.0 <0.05 'VO 0.12 0.01

Station 4 12:41:00 4.0 1.62 0 0.12 0.01

12:44:00 1.5 <0.0'5 'VO

12:46:00 3.5 0.86 0.02 0.21 0

Station 5 13:01:00 1.0 <0.05 'Vo 0.16 0

13:02:30 3.0 0.49 0.01

13:04:00 3.5 0.68 0.01

Station 6 13:14:30 3.5 1.59 0.03 0.10 0

13:15:30 3.0 0.59 0.07 0.14 0.01

13:17:00 1.0 0.07 0.01 0.23 0.01

Station 7 13:24:30 1.0 0.07 0

13:25:30 3.0 0.08 0.01 0.28 0.01

13:26:30 3.5 0.18 0.01 0.13 0.01

Station 8 13:36:30 1.0 0.30 0.01 0.20 0.01

13:37:30 3.0 0.12 0.01 0.16 0

13:39:30 3.5 0.13 0.01 0.14 0.01

Station 9 13:51:00 1.0 0.05 0 0.22 0.01

13:52:00 3.0 0.73 0.04 0.20 0

13:53:00 3.5 0.14 0 0.14 0.01

Mean and standard deviation calculated fr'om duplicate analyses.
Dash (-) means data not available.
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ammonium concentrations, which increased with depth, were

much lower in comparison to those observed at Stations 1,

2, and 3. This is expected because of dilution and also

some of the material might have settled to the bottom and

moved very slowly. At Stations 5 and 6, at an angle of 45 0

toward north from the discharge line and at 400 to 800 meters,

respectively, concentrations decreased from those observed

in the samples from the actual discharge line. Also, as the

distance from the end of the discharge pipe increased, am

monium concentrations decreased at all depths. At Stations

7 and 8, which are at 45 0 angles from the discharge line

toward south, concentrations were much lower than those

observed at other sampling locations. At Station 8" ammonium

concentrations and turbidity were much higher in the surface

water than in the bottom waters. At Station 9, which is

back along the discharge pipe toward the dredge, ammonium

increased at 3 meters over the 1 meter value but at 3.5

meters, it was much lower than the 3 meter value.

No discernible pattern of nitrate concentrations

could be observed with respect to depth at Stations 1, 2, 3,

and 4. At other stations, nitrate concentrations decreased

with depth. No clear pattevnof nitrate concentrations with

distance could be observed, though Stations 1 and 2 had lower

concentrations than other stations. At distances of 400

and 800 meters from the discharge point, nitrate concentra

tions were higher at both surface and bottom waters at 45
0angles

toward south from the discharge line as compared to those

at 45 0 angles'toward north.

Organic N data for some selected water samples are

presented in Table &24, A high organic N concentration was

found in the bottom water at Station 3. Measurable concen

trations were observed in the bottom waters at Stations 1

and 2. For all other samples analyzed, organic N concentra

tions were below the detection limit.
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Table 524

Orga,nic N Data for Selected Water Samples

Collected from Mobile Bay

(mg Nil)

Sampling Time
DcE5h Organic N

Location (hr:min:sec)

Station 1 09:01:00 3. 0 0.15

09:05:00 2.0 <0.05

Station 2 09:41:00 1.5 <0.05

09:43:00 3.5 1.53

Station 3 12:19:30 3. 5 5.40

12:25:00 2.0 <0.05

Station 5 13:01:00 1.0 <0.05

13:04:00 3.5 <0.05

Station 8 13:36:30 1.0 <0.05

13:39:30 3. 5 <0.05

Phosphorus Compounds

Table 525 presents the soluble orthophosphate and

total phQBphorus concentrations in samples collected during

dredged material disposal in Mobile Bay. During the first

profile sampling at Station 1, soluble orthophosphate concen

trations were at or below 0.016 mg Pl1 down to about 3.5 m.

There the concentration was 0.31 mg P/1. The concentration

was lower (0.037 mg P/1) at the 4 m depth. When the 3 and 4

meter depths were subsequently resampled, concentrations were

0.10 and 0.35 mg PI1, respectively. These values correspond

to high turbidity values (reported elsewhere) and indicate the

presence of a density current of dredged material flowing in a

thin layer between 3 and 4 meters' depth. This density current

was also seen at Station 2, approximately 84 m downcurrent

from the discharge. During the first two profile samplings,

concentrations down to 3 m were 0.018 mg PII or less where
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Table 525

Soluble Ortho P and Total P Concentrations:

Mobile Bay Disposal Operation June 3, 1976

Time
(hr:min:sec)

Station 1

Depth
(m)

Soluble Ortho P
(mg P/l)

X SD

Total P
(mg P/l)

X SD

9:00:00

9:01:00

9:02:00

9:03:00

9:05:00

9:14:00

9:15:00

Station 2

9:40:00

9:41:00

9:42:00

9:43:00

9:44:00

10:20:00

10:21:00

10:23:00

10:25:00

10:26:00

12:01:00

12:02:30

12:05:00

12:06:00

0.5

3

3.5

4

2

3

4

o .5

1.5

2.5

3. 5

3

0.5

1.5

2 • 5

3.5

3

0.5

1.5

2.5

3.5

<0.01

0.014

0.31

0.037

0.016

0.10

0.35

0.011

<0.01

0.01

0.22

0.018

0.013

0.010

0.010

0.12

0.018

0.040

o .027

0.020

0.44

o
o
o
o
o
0.001

0.002

o
0.001

0.001

0.006

0.001

o
o
0.001

0.001

o

o
o
o
o

0.13 0.004

(Continued)

1177



Table 525 ~ Continued)

Soluble Ortho P Total P
Time Depth (mg P/l) (mg P/l)

(hr:min:sec) (m) X SD X SD

Station 3

10:52:00 3 0.027 0

10:55:30 2 0.019 0

10:58:30 0.5 0.018 0.001

11:01:00 1 0.054 0.001

12:19:30 3. 5 0.070 0.001

12:23:00 3 0.027 0

12:25:00 2 0.022 0 0.14 0.06

12:26:30 1 0.041 0

Station 4

12:41:00 4 0.024 0

12:44:00 1.5 0.023 0

12:46:00 3 . 5 0.017 0

Station 5

13:01:00 1 0.065 0 0.10 0.03
13:02:30 3 0.023 0

13:04:00 3. 5 0.026 0 0.20 0.016

Station 6

13:14:30 3 . 5 0.058 0

13:15:30 3 0.040 0.001

13:17:00 1 0.054 0

Station 7

13:24:30 1 0.044 0.001

13:25:30 3 0.043 0

13:26:30 3 . 5 0.016 0.001

(Continued)
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Table 5,;2.51 <Concluded)

Soluble Ortho P Total P
Time Depth (mg P/l) (mg P/l)

(hr:min:sec) (m) X SD X SD

Station 8

13:36:30 1 0.033 0 0.17 0.06

13:37:30 3 0.023 0

13:39:30 3 . 5 0.026 0.001 0.092 0.016

Station 9

13:51:00 1 0.031 0

13:52:00 3 0.030 0

13:53:00 3 . 5 0.013 0

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

Dash (-) indicates no analysis made.

turbidity values were about 3000 NTU. At 3.5 m they were 0.22

and 0012 mg PlIo During the third profile sampling at Station

2, concentrations at all depths were higher, but the concen

tration at the 3.5 m depth (0.44 mg P/l) was substantially

greater than in the upper waters, and also corresponded to a

higher level of turbidity.

At Station 3, nearly 400 m downcurrent from the dis

charge, there was less evidence of a density current with re

spect to soluble orthophosphate levels. Concentrations

ranged from 0.018 to 0.054 mg P/l in the first three meters.

At 3.5 m, the concentration was 0.070 mg P/I. At Station 4,

about 800 m downcurrent from the discharge, soluble ortho P

concentrations (and turbidity) appeared fairly uniform with

depth, ranging from 0.017 to 0.024 mg PlIo The total phos

phorus concentrations at 1.5 and 2 m at Stations 2 and 3,

respectively, were both about 0.13 mg P/l •
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Soluble or-t'hophospha'te concentrations at Stations

5 and 8 (about 800 m fromthe discharge at 45 0 angles above

and below current direction) ranged from 0.023 to 0.065 mg PIl,
and 0.023 to 0.033 mg PIl, respectively. The highest soluble

ortho P concentrations at these stations were in the surface

waters. Although this was also the pattern of total P

concentrations at Station 8, at Station 5, the higher total

phosphorus concentration was in the near bottom water. The

lower phosphorus concentrations found in the' near bottom

water at Station 8 may have been related to what appeared to

be a salt wedge entering the disposal area with a rising tide.

The salinity in the near bottom waters was 11 0 1 0 0 whereas

in the surface waters, it was 1 0 1 0 0•

The only other station that appeared to have such

a salinity variation was Station 7 (located about 400 m from

the discharge, 45 0 below the current direction). There the

1 and 3 m soluble orthophosphate concentrations were both

about 0.044 mg P/I. However, at 3.5 m, it was 0.016 mg P/I.

Concentrations of soluble orthophosphate at

Station 6, (about 400 m from the discharge 45 0 above the

direction of current) ranged from 0.040 to 0.058 mg P/1.

There did not appear to be a particular pattern with depth.

At Station 8 slightly lower total P and soluble ortho P

concentrations were found in deeper waters.

Samples collected at Station 9, about 400 m up

current from the discharge, had soluble orthophosphate con

centrations ranging from 0.013 to 0.031 mg P/1. The lowest

concentration was found at 3.5 m, but these values did not

appear to be related to salinity differences.

Organic Compounds

Table 526 presents the results of the pesti

cide and PCB analyses as well as the characteristics of the

samples in terms of pH, specific conductance, turbidity,
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Table 526

Mobile Bay Dredged Sediment Discharge Plume

Water Samples-Station 2

Compound

Aldrin

op'DDT

pp'DDT

op'DDD

pp'DDD

op'DDE

pp'DDE

Dieldrin

Endosulfan I

Endosulfan II

Endrin

Heptachlor

Lindane

PCBs

2 Meter
Samples

1.1

< 3.0~"

< 3.0

< 2.0

< 2.0

< 2.0

11.6

< 1.2

< 1.2

< 2.2

< 1.6

< 0.4

7.8

231

(ng/l)

3.5 Meter
Samples

19.7

3 . 6

71.9

< 2.0

< 2.0

< 2.0

10.7

< 1.2

< 1.2

< 2.2

< 1.6

< 0.4

3.3

273

Other Parameters

Oil and Grease (mg/l)

TOC (mg/l)

Soluble TOC (mg/l)

pH @ 25 0 C

Specific Conductance
(~mhos/cm @ 25 0 C)

Turbidity (NTU)

% Settleable Solids
(v/v) (24 hours
settling)

< 0.5 1.5

19 504

16 10

7.6 7.5

3.03 x 10 3 7.6 x 10
3

37 240

< 1 12

*Compound present in quantities below detection limit.
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percent settleable solids, oil and grease, TOC, and soluble

TOC. The table shows that the turbidity~bf the 2 meter

sample (37 NTU) is much less than that of the 3.5 meter

sample (240 NTU). Percent settleable solids in the 2 meter

sample was less than one percent while the 3.5 meter sample

had 22 percent~ Oil and grease in the 2 meter sample was below

the detection limit (0~5 mg/l) and 1.5 mg/l was found in the

3.5 meter sample. The TOC and soluble TOC in the 2 meter

sample were 19 and 16 mg/l, respectively. These results

indicate that TOe content is mainly present in the soluble

form and only 2.2 mg/l is attributed to the particulate

matter. The TOC and soluble TOC in the 3.5 meter sample were

504 and 10 mg/l, respectively. Apparently in the 3.5 meter

sample most of the TOC was associated with particulate matter.

Lindane, aldrin, pp'DDE, op'DDT and PCBs were

found in the 2 meter sample~ The same compounds and pp'DDT

were found in the 3.5 meter sample. Concentrations of aldrin,

pp'DDE, lindane and PCBs in the 2 meter sample were 1.1, 11.6,

7.8, and 231 ng/l, respectively. The 3.5 meter sample con

tained aldrin, op'DDT, pp'DDT, pp'DDE, lindane and PCBs in

concentrations of 19.7, 3.5, 71.9, 10.7, 313, and 273 ng/l,

respectively. Except for lindane and pp'DDE, concentrations

of the other measurable compounds were higher in the 3.5

meter sample than in the 2 meter sample. It could be rea

sonably concluded that a considerable fraction, of these com

pounds are associated with the particulate matter in the 3.5

meter sample. The most obvious is pp'DDT which was not de

tected in the 2 meter sample while the 3.5 meter sample con

tained 7.19 ng/l. The low solubility of pp'DDT supports this

conclusion.
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PART V: APPENDIX A

Table

Foundry Cove, New

· · · · · · · · · · All

Menominee, Michigan,

· · · · · · · · · · · Al2

Menominee, Michigan,

· · · · · · · · · · Al3

Wilmington, North

· · · · · · · · · · Al4

Al

A2

A3

A4

A5

A6

A7

A8

A9

AID

All

Sediment Oxygen Demand:
Sediment. · · · · · · ·
Sediment Oxygen Demand:
Sediment. · · · · · ·
Sediment Oxygen Demand:

Sediment Oxygen Demand:

Sediment Oxygen Demand:

Sediment Oxygen Demand:
Sediment. · · · · · · ·
Sediment Oxygen Demand:
Sediment. · · · · · · ·
Sediment Oxygen Demand:
York. . · · · · · · · ·
Sediment Oxygen Demand:
Site I . · · · · · · · ·
Sediment Oxygen Demand:
Site 2 . · · · · · · · ·
Sediment Oxygen Demand:
Carolina. · · · · · · ·

Los Angeles Site I

Los Angeles Site 2

Newport Subsample A

Newport Subsample B

Stamford Sediment.

Norwalk Site I

Norwalk Site 2
1. •

A4

A5

A6

A7

A8

A9

AIO

Al2 Sediment Oxygen Demand: WES Lake, Vicksburg,
Mississippi Sediment Al5

Al3 Sediment Oxygen Demand: Apalachicola
Sites 3, 4 and 5 Sediment . . . . . . . . . . . Al6

Al4 Sediment Oxygen Demand: Apalachicola
Site 3 Sediment . . . . . . . . . . . . . . . . Al7

Al5

Al6

Al7

Al8

Al9

Sediment Oxygen Demand: Apalachicola
Site 4 Sedimen"t · · · · · · · · · · · · · · · · Al8

Sediment Oxygen Demand: Apalachicola
Site 5 Sediment · · · · · · · · · · · Al9

Sediment Oxygen Demand: Mississippi River
Sediment Test No. I · · · · · · · · · · A20

Sediment Oxygen Demand: Mississippi River
Sediment Test No. 2 · · · · · · · A21

Sediment Oxygen Demand: James River
Sediment No. I · · · · · · · · · · · · · · · · A22
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A20 Sediment Oxygen Demand: James River Sediment No. 2 . · A23

A2l Sediment Oxygen Demand: Bailey Creek Sediment A24

A22 Sediment Oxygen Demand: Galveston Bay Entrance
Channel Buoy 1 Sediment · · · · · · · · · · A25

A23 Percent Settleable Solids: Galveston Hopper Dredge
Samples. · · · · · · · · · · e · · · · · · A26

A24 Sediment Oxygen Demand: Texas City Channel Site 1 A28

A25 Sediment Oxygen Demand: Texas City Channel Site 2 A29
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Sediment · · · · · · · · · · · · · · · A42
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Table Al

Sediment Oxygen Demand: Los Angeles Site 1 Sediment

(mg/l @ 20°C)

Time Dissolved Oxygen

(Min) Run 1 Run 2 Run 3 X SD

0 7.6 7.4- 7.4- 7.5 0.1

1 6.9 7.2 7.0 7 .0 0.2

2 6 . 3 6.8 6.5 6 • 5 0.3

3 5.7 6.3 6.0 6.0 o. 3

4- 5.2 5.8 5.7 5.7 o.3

5 4-.9 5.5 5 • 3 5 • 2 0.3

6 4-.6 5 • 2 5.0 4-.9 o. 3

7 4-.3 5.0 4-.9 4-.7 0.4-

8 4-.1 4-.9 4-.7 4-.6 0.4-

9 4-.0 4-.7 4-.5 4-.4- 0.4-

10 3 • 9 4-.5 4-.4- 4-.3 0.3

15 3.2 4-.0 3. 8 3 • 7 0.4-

20 2 . 7 3.5 3.2 3.1 3.1

25 2 . 3 3.2 2 • 8 2.8 0.4-

30 2.0 2.8 2.3 2.4- 0.4-

35 1.6 2.4- 2.1 2 .0 0.4

4-0 1.4- 2.1 1.7 1.7 0.4

4-5 1.1 1.7 1.4- 1.4- 0.3

50 0.9 1.4- 1.2 1.2 0.3

55 o. 7 1.2 1.0 1.0 0.3

60 0.5 1.0 O. 8 o. 8 o•3

Sample size - 3 ce.
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Table A2

Sediment Oxygen Demand: Los Angeles Site 2 Sediment

(mg/l @ 20°C)

Time Dissolved Oxygen

(Min) Run 1 Run 2 Run 3 X SD

0 7.4 7.4 7.4 7.4 0.0

1 6.8 6.8 6 . 8 6.8 0.0

2 6.5 6.6 6 . 5 6 . 5 0.1

3 6.4 6 . 5 6.4 6.4 0.1

4 6 . 3 6.4 6.2 6 . 3 0.1

5 6 . 2 6 . 3 6.1 6 . 2 0.1

6 6.1 6 . 3 6.1. 6 . 2 0.1

7 6.1 6 . 7 6 . 0 6.1 0,1

8 6. 0 6.1 5.9 6 . 0 0.1

9 5.9 6.1 5 .9 6.0 0.1

10 5.9 6 . 0 5.8 5 . 9 0.1

15 5. 7 5 . 8 5. 6 5 . 7 0.1

20 5.4 5 . 5 5.4 5.4 0.1

25 5 . 2 5 . 3 5 . 2 5.2 0.1

30 5 . 0 5 . 0 5.0 5 . 0 0.0

35 4.9 4,9 4,9 4.9 0.0

40 4.7 4.7 4.7 4.7 0.0

45 4.6 4,6 4.6 4,6 0.0

50 4.4 4.5 4.4 4.4 0.1

55 4.3 4.4 4.3 4.3 0.1

60 4.2 4.2 4.1 4.2 0.1

Sample size - 3 CC.

AS



Table A3

Sediment Oxygen Demand: Newport Subsample A

(mg/l @ 19°C)

Time Dissolved Oxygen

(Min) Run 1 Run 2 Run 3 X SD

0 7.5 7.2 7 . 3 7 . 3 0.2

1 7 . 2 6 . 8 6. 8 6. 9 o• 2

2 6.7 6 . 3 6.1 6.4 o•3

3 6.4 6.0 ·5.9 6.1 o• 3

4 6.2 5.9 5.8 6.0 0.2

5 6.0 5.7 5.6 5.8 0.2

6 5 . 9 5.5 5.4 5. 6 o•3

7 5.7 5 . 3 5. 3 5.4 0.2

8 5. 6 5 . 2 5.1 5. 3 o. 3

9 5.4 5 . 0 5 .0 5.1 o. 2

10 5 . 3 4.9 4.9 5.0 o. 2

15 4.6 4.2 4.3 4.4 o. 2

20 4.0 3.7 3.7 3. 8 0.2

25 3. 5 3. 2 3. 2 3. 3 0.2

30 3.1 2. 8 2.8 2.9 o. 2

35 2 . 6 2.4 2.3 2.4 o. 2

40 2 . 2 2.1 2.0 2.1 0.1

45 2 . 0 1.7 1.6 1.8 0.2

50 1.6 1.4 1.3 1.4 o. 2

55 1.4 1.2 1.1 1.2 o. 2

60 1.2 1.1 o. 9 1.1 0.2

Sample size - 3cc.

A6



Table A4-

Sediment Oxygen Demand; Newport Subsample B

(mg/l @ 19°C)

Time
Dissolved Oxygen

(Min) Run 1 Run 2 Run 3 X SD

0 7.5 7.5 7,5 7.5 0.0

1 7 . 3 7 • 3 7.4 7 , 3 0.1

2 7.1 7,1 7 • 2 7.1 0,1

3 7 . 0 7.0 7.1 7.0 0,1

4- 6.9 6.9 7 • 0 6,9 0,1

5 6.9 6, 8 6.9 6.9 0.1

6 6 . 8 6 . 8 6 , 8 6 , 8 0,0

7 6. 8 6 , 7 6,8 6.8 0.1

8 6,7 6 • 7 6.7 6. 7 0.0

9 6.7 6.6 6 , 6 6.6 0,1

10 6.6 6,6 6. 6 6, 6 0.0

15 6.4 6,4- 6,,3 6,4- 0.1

20 6. 3 6 , 3 6. 2 6. 3 0,1

25 6.1 6.1 6.0 6,1 0,1

30 6 . 0 5,9 5.8 5.9 0,1

35 5. 9 5,8 5. 7 5 • 8 0.1

40 5 • 8 5 • 7 5 , 6 5,7 0.1

45 5. 7 5,6 5.5 5 • 6 0.1

50 5.6 5 • 5 5,4 5.5 0,1

55 5 • 5 5,4 5.2 5.4- 0,2

60 5.4 5 , 3 5.1 5.3 0.2

Sample size - 3 CC.

A7



Table A5

'Sediment Oxygen. Demand: Stamford Sediment

(mg/l @ 20°C)

Time
Dissolved Oxygen

(mi,n ) Run 1 Run 2 Run 3 X SD

0 7.4 7.4 7.4 7.4 0.0

1 7.0 7.3 7.2 7.2 0.1

2 6.7 6.8 6.8 6.8 0.1

3 6.4 6.6 6.7 6.6 0.1

4 6.3 6.4 6.5 6.4 0.1

5 6.1 6.2 6.3 6.2 0.1

6 5.9 6.0 6.1 6.D 0.1

7 5.8 5.9 6.0 5.9 0.1

8 5.7 5.8 5.8 5.8 0.1

9 5.5 5.6 5.6 5.6 0.1

10 5.4 5.5 5.6 5.5 0.1

15 4.9 4.9 5.0 4.9 0.1

20 4.3 4.4 4.4 4.4 0.1

25 3.9 4.1 4.0 4.0 0.1

30 3.5 3.6 3.6 3.6 0.1

35 3.2 3.2 3. 3 3.2 0.1

40 2.9 2 . 9 3.0 2 . 9 0.1

45 2.6 2.6 2.7 2.6 0.1

50 2.3 2.3 2.4 2 . 3 0.1

55 2.1 2.1 2.2 2.1 0.1

60 1.8 1.8 1.9 1.8 0.1

Sample size - 3 CC.

A8



Table A6

Sediment Oxygen Demand: Norwalk Site 1 Sediment

(mg/l @ 19°C)

Time Dissolved Oxygen

(min) Run 1 Run 2 Run 3 X SD

0 7.5 7 . 5 7 . 5 7 . 5 o.0

1 7.1 7 . 0 7.4 7 . 2 o• 2

2 6.8 6.7 7.0 6 . 8 o•2

3 6 .6 6.5 6.8 6 . 6 O. 2

4 6.5 6.3 6 . 7 6 .5 0.2

5 6 . 3 6.2 6 . 5 6 . 3 0.2

6 6 . 2 6.1 6.4 6 . 2 o•2

7 6.1 5.9 6.2 6.1 0.2

8 5. 9 5 . 8 6.1 5. 9 0.2

9 5 .8 5 . 7 6.0 5.8 o•2

10 5.7 5 . 6 5.9 5 . 7 o•2

15 5.2 5.1 5.4 5 . 2 0.2

20 4.8 4.6 5.0 4.8 o•2

25 4.3 4.2 4.5 4.3 0.2

30 4.0 3.8 4.0 3.9 0.1

35 3.6 3.5 3.7 3.6 0.1

40 3.2 3.1 3.4 3.2 0.2

45 2.9 2.9 3.0 2 .9 0.1

50 2 . 6 2.6 2.6 2 .6 0.0

55 2.4 2 . 3 2.3 2 . 3 0,1

60 2.2 2.2 2.1 2.2 0.1

Sample size ~ 3 CC,

A9



Table A7

Sediment Oxygen Demand: No~walk' Sit~ 2 Sediment

(mg/l @ 19°C}

Time Dissolved Oxygen

(min) Run 1 Run 2 X SD

0 7.5 7.3 7.4 0.1

1 7.1 7.1 7.1 0.0

2 6.7 6.7 6.7 0.0

3 6.5 6. 5 6 . 5 0.0

4 6.3 6.3 6. 3 0.1

5 6.1 6.2 6.2 0.1

6 6.0 6.1 6.1 0.0

7 5.9 5.9 5.9 0.0

8 5 • 8 5.8 5 . 8 0.1

9 5.6 5 . 7 5.7 0.1

10 5.5 5.6 5.6 0.1

15 5.0 5.1 5.0 0.1

20 4.5 4.6 4.6 0.1

25 4.0 4.2 4.1 0.1

30 3.6 3 . 8 3 . 7 0.1

35 3.3 3.4 3.4 0.1

40 3.0 3.1 3.0 0.1

45 2 . 6 2 . 8 2.7 0.1

50 2.4 2 . 5 2.4 0.1

55 2 '.1 2 . 3 2 . 2 0.1

60 1.9 2.1 2.0 0.1

Sample size .... 3 cc.

AID



Table A8

Sediment Oxygen Demand: Foundry Cove, New York

(mg/l @ 20°C)

Time Dissolved Oxygen -
Run 1 Run 2 Run 3 X SD

0 7 . 5 7.5 7 . 5 7.5 0

1 7 . 3 7 . 2 7.2 7 . 2 0.1

2 6 . 6 6.5 6.4 6 .5 0.1

3 6 . 3 6.2 6'.1 6 . 2 0.1

4 6 . 0 5.9 5.9 5 . 9 0.1

5 5 . 9 5 . 8 5.7 5 .8 0.1

6 5 .8 5.7 5 . 5 5.7 0.2

7 5.7 5 . 6 5.4 5.6 o.2

8 5 . 6 5.4 5 . 2 5.4 o. 2

9 5 . 5 5 . 3 5.1 5.3 0.2

10 5.4- 5. 3 5.0 5.2 0.2

15 5.1 5.0 4.8 5.0 0.2

20 4.8 4.8 4.6 4.8 0.2

25 4.7 4.7 4.5 4.7 o. 2

30 4.6 4.5 4.3 4.5 o. 2

35 4.5 4.4- 4.2 4-.4 0.2

40 4.4 4.3 4.2 4.3 o•2

45 4.3 4.2 4.1 4.2 0.2

50 4.2 4.1 4.0 4.2 0.2

55 4.1 4.0 4.0 4.1 0.2

60 4.1 3.9 3.9 4.0 0.2

Sample size - 2 CC.

All



Table A9

Sediment Oxygen Demand: Menominee, Michigan" Site 1

(mgtl @ 21°C)

Time Dissolved Oxygen
(min> Run 1 Run 2 Run 3 X SD

0 8.7 8.7 8.8 8.7 0.1

1 7.6 7 . 8 7.7 7.7 0.1

2 6.8 7.1 7.0 7.0 0.2

3 6.4 6.7 6.6 6.6 0.2

4 6.0 6.3 6.3 6.2 0.2

5 5.8 6.1 6.1 6.0 0.2

6 5.6 5.9 5.9 5.8 0.2

7 5.4 5.7 5.8 5.6 0.2

8 5.3 5.6 5.6 5.5 0.2

9 5.2 5.5 5.5 5.4 0.2

10 5.1 5.4 5.4 5.3 0.2

15 4.7 5.0 5.0 4.9 0.2

20 4.4 4.7 4.8 4.6 0.2

25 4.2 4.5 4.6 4.4 0.2

30 4.0 4.3 4.4 4.2 0.2

35 3.9 4.2 4.3 4.1 0.2

40 3 • 8 4.1 4.2 4.0 0.2

45 3.7 4.0 4.1 3.9 o•2

50 3.6 3.9 4.0 3.8 0.2

55 3.5 3.8 3.9 3.7 0.2

60 3.4 3.7 3.9 3.7 0.3

Sample size - 3 CC.

A12



Table AIO

Sediment Oxygen Demand: Menominee Michigan, Site 2

(mg!l @ 20°C)

Time Dissolved Oxygen

(min) Run 1 Run 2 Run 3 X SD

0 8.7 8.8 8.7 8.7 0.1

1 7 . 9 8.1 7 . 8 7.9 0.2

2 7 . 3 7 . 5 7.3 7.4 0.1

3 6 . 9 7 . 2 7.0 7.0 0.2

4 6.7 6.9 6.8 6.8 0.1

5 6.4 6.8 6.7 6.6 0.2

6 6.3 6.6 6.4 6.4 0.2

7 6.1 6 . 5 6.2 6.3 0.2

8 5.9 6.4 6.1 6.1 0.3

9 5.8 6.2 5.9 6.0 0.2

10 5.7 6.1 5.8 5.9 0.2

15 5.3 5.7 5.4 5.5 0.2

20 4.9 5.3 5.0 4.9 0.2

25 4.5 5.0 4.7 4.7 0.3

30 4.2 4.7 4.4 4.4 0.3

35 4.0 4.5 4.1 4.2 0.3

40 3.7 4.3 3.9 4.0 0.3

45 3.5 4.0 3.6 3.7 0.3

50 3 .3 3.9 3 . 5 3.6 0.3

55 3.2 3.7 3.3 3.4 0.3

60 3.0 3.6 3.2 3.3 0.3

Sample size - 3 cc.

A13



Table All

Sediment Oxygen Demand:

Wilmington, North Carolina

Time D.O. (mg/l @ 20°C)
(min) Run 1 Run 2 Run 3 X SD

0 7 . 3 7.3 7 . 2 7.3 0.1

1 7 . 0 7 .2 6. 8 7 . 2 o•2

2 7 . 0 7.1 6. 7 6.9 0.2

3 6 • 9 7 • 0 6 • 7 6.9 o•2

4 6.9 7 . 0 6. 6 6 . 8 0.2

5 6. 8 7 . 0 6. 5 6. 8 o•3

6 6 . 8 6 . 9 6.5 6.7 o• 2

7 6. 8 6 . 9 6 . 5 6.7 0.2

8 6. 7 6. 9 6.4 6.7 0.3

9 6.7 6 • 8 6.4 6.6 O. 2

10 6. 7 6.8 6. 3 6. 6 0.3

15 6.6 6 . 7 6 . 2 6 . 5 o•3

20 6.4 6 • 6 6.1 6.4 o•3

25 6. 3 6. 5 6. 0 6.3 O. 3

30 6. 2 6.5 5.9 6 . 2 o•3

35 6.1 6.4 5 . 8 6.1 O. 3

40 6.1 6.3 5. 8 6 . 0 0.3

45 6.0 6 . 3 5. 7 6 . 0 0.3

50 5. 9 6.2 5. 6 5. 9 0.3

55 5 . 8 6 . 2 5 . 6 5.9 O. 3

60 5 . 8 6.1 5.5 5. 8 o•3

Sample size - 3 CC.

A14



Table A12

Sediment Oxygen Demand: WES Lake,

Vicksburg, Mississippi Sediment

(mg/l @ 20°C)

Time Dissolved Oxygen

(min) Run 1 Run 2 Run 3 X SD

0 9.0 9.0 9.0 9.0 0

1 8.5 8.3 8.4 8.4 0.1

2 7.9 7.7 7.6 7.7 0.2

3 6.4 6.1 6.0 6.2 0.2

4 6.0 5.7 5.6 5.8 0.2

5 5.6 5.4 5.2 5.4- 0.2

6 5.4 5.2 5.0 5.2 0.2

7 5.2 5.0 4.9 5.0 0.2

8 5.1 4.9 4.8 4.9 0.2

9 5.0 4.8 4.7 4.8 0.2

10 4.9 4.7 4.6 4.7 0.2

15 4.5 4.5 4.3 4.4 0.1

20 4.2 4.3 4.1 4.2 0.1

25 4.1 4.2 4.0 4.1 0.1

30 4.0 4.1 3.9 4.0 0.1

35 3.9 4.0 3.8 3.9 0.1

40 3.8 4.0 3 . 8 3.9 0.1

45 3.7 3.9 3. 7 3.8 0.1

50 3.6 3.9 3 . 7 3.7 0.2

55 3.5 3.8 3.6 3.6 0.2

60 3.4 3.8 3.6 3.6 0.2

Sample size - 2 cc.

A15



Table A13

Sediment Oxygen Demand: Apalachicola

Sites 3, 4 and 5 Sediments

Time Dissolved Oxy~en (mg/l @ 21°C)
(min) Site 3 Slte 4 Site 5

0 9.0 9.0 9.0

1 7.6 8.1 7.1

2 6.8 7.2 6.3

3 6.5 6.3 5.7

4 6.2 5.5 5.3

5 6.0 5.0 5.0

6 5.9 4.6 4.8

7 5.8 4.2 4.5

",,,<::S: 5.7 3.9 4.3

:.)J. 5.5 3.6 4.1~..-. .

10 5.4 3.4 4.0

15 5.0 2.4 3.2

20 4.7 1.8 2.8

25 4.4 1.4 2.3

30 4.1 0.9 2.0

Sample size - 5 cc.

Al6



Table A14

Sediment Oxygen Demand:

Apalachicola Site 3 Sediment

Time Dissolved Oxygen (mg/l @ 20°C)

(min) Run 1 Run 2 Run 3 X SD

0 7.5 7.4 7.5 7.5 0.1

1 6.4 6.7 6.7 6.6 0.2

2 5.6 5.6 5.7 5.6 0.1

3 5.0 5.2 5.1 5.1 0.1

4 4.8 5.0 4.9 4.9 0.1

5 4.5 4.8 4.6 4.6 0.1

6 4.3 4.6 4.4 4.4 0.2

7 4.2 4.4 4.2 4.3 0.2

8 4.0 4.3 4.1 4.1 0.2

9 4.0 4.2 /,i.. 0 4.1 0.2

10 3.9 4.0 3.8 3.9 0.1

15 3.4 3.6 3.3 3.4 0.1

20 3.1 3.3 3.1 3.2 0.2

25 2.8 3.1 2.8 2.9 0.1

30 2.6 2. 9 2.6 2.7 0.2

35 2.4 2.7 2.4 2.5 0.2

40 2.2 2.5 2.2 2 . 3 0.2

45 2.1 2.4 2.1 2.2 0.2

50 2. 0 2. 2 2.0 2.1 0.1

55 1.9 2.2 1.8 2.0 0.2

60 1.8 2.1 1.7 1.9 0.2

Sample size - 3 cc.

A17



Table A15

Sediment Oxygen Demand:

Apalachicola Site 4 Sediment

Time
Dissolved Oxygen (mg/l @ 20°C)

(min) Run 1 Run 2 Run 3 X SD

0 7.5 7.5 7.5 7 . 5 0.0

1 6.8 6.9 6.8 6. 8 0.1

2 6.3 6.4 6.4 6.4 0.1

3 6.0 6.1 6.1 6.1 0.1

4 5.8 5.8 5.9 5.8 0.1

5 5.5 5.5 5.5 5.5 o. 0

6 5.3 5.4 5.3 5.3 0.1

7 5.3 5.3 5. 2 5.2 0.1

8 5.1 5.2 5.1 5.1 0.1

9 5.0 5.0 5.0 5.0 0.0

10 4.9 4.9 5.0 4.9 0.1

1.5 4.4 4.5 4.6 4.5 0.1

20 4.0 4.1 4.2 4.1 0.1

25 3.6 3.8 3.8 3.7 0.2

30 3.4 3.5 3.6 3.5 0.1

35 3.0 3.2 3.3 3.2 0.2

40 2.9 3.1 3.2 3.1 0.2

45 2.7 2.9 3.0 2.9 0.2

50 2.6 2.7 2.9 2.7 0.2

55 2.4 2.6 2.8 2.6 0.2

60 2.3 2.5 2.7 2.5 0.2

Sample size - 2 cc ,

A18



Table A16

Sediment Oxygen Demand:

Apalachicola Site .5 Sediment

Time Dissolved Oxygen (mg/l @ 20°C)
(min) Run 1 Run 2 Run 3

*! SDX

0 7.3 7.3 7.3 7.3 0.0

1 6.6 6.6 6.5 6.6 0.1

2 -5. 9 5.8 5.7 5.8 0.1

3 5.4 5.4 5.3 5.4 0.1

4 5.1 5.0 5.0 5.0 0.1

5 4.9 4.9 4.9 4.9 0.0

6 4.8 4.7 4.7 4.7 0.1

7 4.6 4.6 4.6 4.6 0.0

8 4.5 4.5 4.4 4.5 0.1

9 4.4 4.4 4.3 4.4 0.1

10 4.3 4.3 4.2 4.3 0.1

15 4.0 4.0 3.8 3.9 0.1

20 3.6 3.7 3.6 3.6 0.1

25 3.4 3.4 3.3 3.4 0.1

30 3.2 3.2 3.2 3.2 0.0

35 3.1 3.0 3.0 3.0 0.1
40 3.0 2 . 9 2.9 2.9 0.1

45 2.8 2 . 8 2.7 2.8 0.1

50 2.7 2 . 7 2.6 2.7 0.1

55 2. 6 2.6 2.5 2.6 0.1

60 2.5 2.5 2.3 2.5 0.1

Sample size - 3 cc.

A19



Table A17

Sediment Oxygen Demand: Mississippi

River Sediment Test No.1

(mg/l @ 21°C)

Time Dissolved Oxygen
(min) Run 1 Run 2 Run 3 X SD

0 8.8 8 . 8 8.8 8.8 0.0

1 8.6 8.6 8.6 8.6 O. 0

2 8.6 8 . 5 8.6 8 . 6 0.1

3 8 . 5 8 • 5 8 . 5 8.5 0.0

4 8.5 8.4 8 . 5 8.5 0.1

5 8. 5 8.4 8. 5 8 . 5 0.1

6 8.5 8.4 8.5 8 . 5 0.1

7 8 . 5 8.4 8.4 8.4 0.1

8 8. 5 8.3 8.4 8.4 0.1

9 8 . 5 8. 3 8.4 8.4 0.1

10 8.4 8. 3 8.4 8.4 0.1

15 8.4 8 . 2 8. 3 8 . 3 0.1

20 8. 3 8.1 8. 2 8 . 2 0.1

25 8.2 8.1 8.1 8.1 0.1

30 8.2 8.0 8 . 0 8.1 0.1

35 8.1 7.9 8. 0 8. 0 0.1

40 8.1 7 • 8 7.9 7 . 9 0.1

45 8.0 7 . 7 7 • 8 7 • 8 0.2

50 7 • 9 7 • 7 7 • 7 7 • 8 0.1

55 7 • 9 7.6 7.7 7 • 7 0.2

60 7 • 8 7 • 6 7 • 6 7 • 7 0.1

Sample Slze 3 cc.

A20



Table A18

Sediment Ox~gen Demand: Mississippi

River Sediment Test No.2

(mg/l @ 21°C)

Time Dissolved Oxygen
(min) Run 1 Run 2 Run 3 X SD

0 9.0 8 . 8 8. 8 8 . 9 0.1

1 8. 8 8 . 7 8.7 8 . 7 0.1

2 8.7 8 . 6 8 . 6 8.6 0.1

3 8.6 8.6 8 . 6 8 . 6 0.0

4 8. 6 8. 6 8. 6 8.6 o. 0

5 8 . 6 8 . 6 8 . 5 8 . 5 0.1

6 8.5 8 • 5 8 . 5 8.5 o. 0

7 8. 5 8 . 5 8 . 5 8. 5 o. 0

8 8.4 8.5 8.4 8.4 0.1

9 8.4 8.4 8.4 8.4 o. 0

10 8.4 8.4 8.4 8.4 0.0

15 8. 2 8 . 3 8. 2 8.2 0.1

20 8.1 8.1 8.1 8.1 o. 0

25 8.0 8 . 0 8.0 8.0 o. 0

30 7 . 8 7 . 9 7 . 8 7 . 8 0.1

35 7 . 7 7 . 8 7 . 7 7.7 0.1

40 7 . 6 7 . 7 7 . 6 7 . 6 0.1

45 7 . 5 7 . 6 7 . 5 7.5 0.1

50 7.4 7.4 7.4 7.4 o. 0

55 7 . 3 7 . 3 7 .3 7.3 O. 0

60 7.2 7 . 2 7 . 2 7 . 2 o. 0

Sample size 3 CC.

A21



Table A19

Sediment Oxygen Demand: James River Sediment No.1

Time Dissolved Oxygen (rng zL @ 21°C)

(min) Run 1 Run 2 Run 3 X 3D

0 9 .0 9 .0 9 .0 9 .0 0.0

1 7 .5 8 .2 7 . 3 7 . 7 o.5

2 6.4 7 .2 6.1 6 .6 o.6

3 5 .9 6 . 7 5 .6 6.1 o.6

4 5 .5 6 . 3 5.3 5 . 7 o. 5

5 5.4 6 .0 5.0 5.5 o.5

6 5 .2 5.8 4.9 5 . 3 o.5

7 5.0 5 . 6 4.8 5.1 0.4

8 4.9 5.4 4.6 5 .0 0.4

9 4.8 5 .3 4.5 4.9 0.4

10 4.6 5 .2 4.4 4.7 0.4

15 4.3 4.9 4.0 4.4 0.5

20 4.0 4.6 3.7 4.1 o. 5

25 3.7 4.4 3.4 3 . 8 0.5

30 3 .6 4.2 3 . 2 3 . 7 o. 5

35 3.4 4.0 3.0 3.5 o.5

40 3.2 3 .9 2 .8 3 . 3 o.6

45 3 .0 3 . 8 2 .6 3.1 0.6

50 2.8 3 . 7 2 .5 3 .0 o.6

55 2 . 7 3 .6 2.4 2 . 9 0.6

60 2.6 3.4 2 . 3 2 . 8 o. 6

3ampl~ size - 3 cc.

A22



Table A20

Sediment Oxygen Demand: James River Sediment No.2

Time Dissolved Oxygen Cmg/l @ 21°C)

(min) Run 1 Run 2 Run 3 X SD

0 8 . 8 8.8 8.8 8.8 0.0

1 7 .0 6.8 7.0 6.9 0.1
2 5 . 8 5.7 5 . 8 5 . 8 0.1
3 5.1 5 .2 5 . 2 5 .2 0.1

4 4.8 4.9 4-.9 4.9 0.1

5 4.5 4.7 4.6 4.6 0.1
6 4.2 4.5 4.4 4.4 0.2

7 4.0 4.4 4.3 4.2 0.2

8 3.9 4.2 4.1 4.1 o. 2
9 3 . 8 4.1 4.0 4.0 0.2

10 3 . 7 4.0 3 .9 3 .9 0.2
15 3 . 2 3.6 3.4 3.4 0.2
20 2 .9 3 . 2 3.1 3.1 0.2
25 2 .6 3.0 2 .8 2 . 8 o. 2
30 2 . 3 2 . 7 2 . 5 2 .5 0.2
35 2.1 2 .5 2 . 3 2 . 3 o. 2
40 1.9 2 .3 2 .2 2.1 o.2
45 1.7 2 .2 1.9 1.9 0.3
50 1.6 2 .0 1.8 1.8 0.2
55 1.4 1.8 1.6 1.6 o. 2
60 1.3 1.7 1.4 1.5 o. 3

Sample size - 3 cc.

A23



Table A21

Sediment Oxygen Demand: Bailey Creek Sediment

Time Dissolved Oxygen (mg/l @ 21°C)

(min) Run 1 Run 2 Run 3 X SD

0 8 . 8 8.8 8 .8 8.8 0.0

1 8.4 8 . 3 8 . 3 8.3 0.1

2 8.2 8.1 8 . 2 8 .2 0.1

3 8.1 8 . 0 8.0 8.0 0.1

4 8 .'0 7.8 7 .8 7 .9 0.1

5 7.9 7 . 7 7 .6 7 . 7 o.2

6 7 .8 7 .6 7.5 7.6 0.2

7 7 . 7 7 .5 7.4 7.5 0.2

8 7 . 6 7.4 7.3 7.4 0.2

9 7.5 7 . 3 7.2 7 . 3 o.2

10 7.5 7 .2 7.1 7.3 0.2

15 7.1 6.8 6 .8 6.9 0°.2

20 6 . 8 6 .5 6.4 6;6 0.2

25 6 .5 6 .2 6.1 6.3 0.2

30 6.3 6.0 5.9 6.1 0.2

35 6.0 5 . 8 5 . 7 5.8 0.2

40 5.8 5.6 '5 . 5 5 .6 0.2

45 5.6 5 .3 5.4 5.4 0.2

50 5.4 5.1 5 .2 5.2 0.2

55 5 . 2 4.9 5.0 5.0 0.2

60 5.0 4.7 4.8 4.8 o.2

Sample size - 3 ee.
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Table A22

Sediment Oxygen Demand: Gaolveston Bay

Entrance Channel Buoy 1 Sediment

Time Dissolved Oxygen (mgIl @ 20°C)

(min) Run 1 Run 2 Run 3 X SD

0 8.1 8.4 8. 3 8.3 0.2

1 7 . 5 7.6 7.7 7.6 0.1

2 6. 8 6.8 6.9 6. 8 0.1

3 6.3 6.3 6. 3 6.3 0.0

4 5 . 9 5.8 5 . 9 5.9 0.1

5 5.7 5.6 5.6 5.6 0.1

6 5.4 5.3 5. 3 5.3 0.1

7 5 . 2 5.1 5.1 5.1 0.1

8 4.9 4.9 4.9 4.9 0.0

9 4.8 4.7 4.7 4.7 0.1

10 4.7 4.6 4.5 4.6 0.1

15 4.0 4.1 4.0 4.0 0.1

20 3.6 3.6 3.6 3.6 0.0

25 3.3 3. 2 3.2 3.2 0.1

30 3. 0 3.0 3.0 3.0 0.1

35 2. 8 2 . 7 2 . 7 2.7 0.1

40 2 . 5 2 . 5 2 . 6 2 . 5 0.1

45 2 . 3 2 . 3 2.4- 2 . 3 0.1

50 2.2 2 . 2 2. 3 2 . 2 0.1

55 2.1 2 . 0 2 . 2 2.1 0.1

60 2 . 0 1.9 2.1 2 • 0 0.1

Sample Slze - 5 CC.
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Table A23

Percent Settleable Solids: Galveston Hopper Dredge Samples**

Dredging
Location and
Date (1975)

August 25:

Time
(hr:min)

Sample
Source~':

Percent
Settleable Solids

Run 1 (Buoys 9~11)

Run 2 (Buoys 7A-ll)

12:55 D 7 . 5
13:00 D 10
13:05 D 22
13:10 D 8
13:20 D 10
13:35 D 5
13:50 D 5
13:55 S 5

14:45 D 1.
14:50 D 9
14:55 D 5
15:00 D 13
15:05 D 10
15:10 D 13

August 28:

Run 1 (Buoys 6-8) 12:08 D 89
(Galv. Dump No. 2) 12:18 D 15

12:28 D 12-
12:38 S 1
12:48 S 5

Run 2 (Buoys 6-8) 13:15 D 89
(Galv. Dump No. 3) 13:25 D 6

13:35 D 13
13:45 D 3
14:05 S 3
14:25 S 15

August 29 :

Run 1 (Buoys 4-8) 10:06 D 35
10:16 D 9
10:36 S 7
10:46 S 6
10:56 S 11
11:06 S 15

(Continued)
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Table A23(Concluded)

Dredging
Location and
Date (1975)

August 29:

Run 2 (Buoys 1-3)
(Galv. Dump No.4)

Run 3 (Buoys 1-3)
(Galv. Dump No.5)

Time
(hr:min)

12:03
12:13
12:23
12:33
12:53

13:30
13:40
13:55
14:05
14:15

Sample
Scur-ce s

D
D
D
S
S

D
D
D
S
S

Percent
Settleable Solids

100
97
36
10

88
54
53
39
45

*Sample source: D = Dredging pump discharge, S = Supernatant.
**Sample source and percent settleable solids data in this
table correspond to hopper samples concentrations data in other
Galveston Hopper Dredge tables, and are not repeated in those
tables.
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TableA24.

Sediment, Oxygen Demand: Texas CitY' Cha.nnel Sit'e 1

Time Dissolved Oxygen (mg/l@200C)

(min) Run 1 Run 2 Run. 3 X SD

0 8.7 8.7 8.8 8.7 0.1

1 8.4 8.2 8.5 8.4 0.2

2 7.7 7.6 7.9 7.7 0.2

3 7.4 7.0 7.5 7.3 0.3

4 7 • 0 6.6 7.1 6.9 0.3

5 6.8 6.2 6.8 6.6 0.3

6 6.4 5.8 6.4 6.2 0.3

7 6.2 5.6 6.1 6.0 0.3

8 5.9 5.2 5.8 5.6 0.4

9 5.7 5.0 5.6 5.4 0.4

10 5.5 4.8 5.4 5.3 0.3

15 4.5 3.7 4.3 4.2 0.4

20 3.7 2.9 3.5 3.4 0.4

25 3.1 2.2 2.8 2.7 0.5

30 2.5 1.6 2.2 2.1 0.5

35 2.1 1.2 1.7 1.7 0.4

40 1.6 0.8 1.4 1.3 0.4

45 1.3 0.5 1.0 0.9 0.4

50 1.0 0.3 0.8 0.7 0.3

55 O. 7 0.2 0.5 0.5 0.2

60 0.5 0.1 0.3 0.3 0.3

Sample size - 5 CC,
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Table A25

Sediment Oxygen Demand: Texas City Channel

Site 2

Time Dissolved Oxygen (mg'! 1@200C)

(min) Run 1 Run 2 Run 3 X SD

0 8. 6 8 . 5 8.5 8.5 0.1

1 7.9 7.6 7 . 9 7.8 0.2

2 7 . 5 7.1 7.4 7.3 0.2

3 7.1 6 . 7 6.8 6.9 0.2

4 6 . 8 6 . 3 6.5 6.5 0.2

5 6.5 6.0 6.1 6.2 0.3

6 6.2 5.8 5 . 8 5.9 0.2

7 6 . 0 5 . 6 5.5 5.7 0.3

8 5.8 5 . 3 5 . 2 5.4 0.3

9 5. 6 5.1 5.0 5 .2 0.3

10 5.4 4.9 4.8 5.0 O. 3

15 4.6 4.0 3.9 .4. 2 0.4

20 3. 8 3.4 2 . 8 3.3 0.5

25 3.3 2.9 2 . 5 2.9 .Q.4

30 2 . 8 2.3 2.0 2.4 0.4

35 2 . 3 1.9 1.6 1.9 0.4

40 2 . 0 1.6 1.2 1.6 0.4

45 1.6 1.2 0.9 1.2 0.4

50 1.3 0.9 0.6 0.9 0.4

55 1.0 0.7 0.4 0.7 0.3

60 0.8 0.5 0.3 0.5 0.2

Sample size - 5 CC.
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Ta.bl~ A26

S"edim.entQxy'g"en Dem.and: Texas. City Channel
"S"ite 4

Time Dissolved Oxygen (mgll@'2l0C)

(min) Run 1 Run 2 Run 3 X 3D

0 7.4 7.4 7.5 7.4 0.1

1 6.9 6.8 7.2 7.0 0.2

2 6.4 6.4 6.6 6.5 0.1

3 6.0 6.1 6.1 6.1 0.1

4 5.8 5.8 5.9 5. 8 0.1

5 5.6 5.7 5.6 5.6 0.1

6 5.4 5.5 5.4 5.4 0.1

7 5. 2 5.3 5 • 2 5.2 0.1

8 5.1 5.2 5.0 5.1 0.1

9 5.0 5.0 4.9 5.0 0.1

10 4.9 4.9 4.8 4.9 0.1

15 4.3 4.4 4.1 4.3 0.2

20 3.8 4.0 3.6 4.0 0.3

25 3.3 3.6 3.2 3.4 0.2

30 3.0 3.2 2.8 3.0 0.2

35 2. 6 2.9 2.4 2.6 0.3

40 2 . 3 2. 6 2.1 2 . 3 0.3

45 2.0 2.3 1.8 2.0 0.3

50 1.8 2.1 1.5 1.8 O. 3

55 1.5 1.9 1.4 1.6 o. 3

60 1.4 1.6 1.1 1.4 0.4

Sample size - 3 cc.
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table A27

Sediment Oxygen Demand: Texas City Channel

Site 5

Time Dissolved Oxygen (mg/l@210C)

(min) Run 1 Run 2 Run 3 X 3D

0 7 . 6 7.4 7.5 7 . 5 0.1

1 6 . 8 6 . 8 7 . 0 6.9 0.1

2 6.1 6. 3 6 . 5 6 • 3 0.2

3 5.8 6.0 6.1 6 . 0 0.2

4 5 . 5 5 . 7 6 . 0 5 . 7 o. 3

5 5. 2 5 . 5 5 . 7 5 . 5 0.3

6 5.1 5. 3 5 . 6 5 . 3 o. 3

7 5.0 5.1 5 . 5 5 . 2 o. 3

8 4.8 5 . 0 5.4 5.1 o. 3

9 4.7 4.9 5 . 3 5.0 o. 3

10 4.6 4.8 5 . 2 4.9 O. 3

15 4.2 4.4 5 . 0 4.4 o. 3

20 4.0 4.0 4.7 4.2 0.4

25 3.7 3.8 4.5 4.0 0.4

30 3. 5 3.6 4.3 3.8 0.4

35 3. 3 3.5 4.1 3.6 0.4

40 3.2 3. 3 4.0 3.5 0.4

45 3 . 0 3.1 3.9 3. 3 0.5

50 2.9 3.0 3.8 3 . 2 0.5

55 2.7 3.0 3. 7 3.1 0.5

60 2 . 6 2 • 9 3.6 3.0 0.5

Sample size - 3 ee.
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Table A28

Sediment Oxygen Demand: Texas City Channel

Site 6

Time Dissolved Oxygen (mg/l@2l0C)
(min) Run 1 Run 2 Run 3 X SD

0 8. 0 7.4 7.4 7.6 0.3

1 7.2 6.3 6.9 6.8 0.5

2 6. 7 5.8 6.6 6. 3 0.5

3 6.2 5.4 6.2 5.9 0.5

4 5 . 9 5.1 5.8 5.6 0.4

5 5.7 4.9 5. 7 5.4 0.5

6 5.6 4.7 5.5 5.3 0.5

7 5.4 4.5 5.2 5.0 0.5

8 5. 2 4.4 5.1 4.9 0.4

9 5.1 4.2 4.9 4.7 0.5

10 5 . 0 4.1 4.8 4.6 0.5

15 4.2 3.5 4.3 4.0 0.4

20 3. 8 3.1 3.9 3.6 0.4

25 3.2 2.7 3.6 3.2 0.4

30 2.9 2. 3 3. 2 2 . 8 0.5

35 2.5 2.1 3.0 2 .5 0.4

40 2 . 3 1.8 2.8 2.3 0.5

45 2.0 1.6 2.5 2.0 0.4

50 1.7 1.4 2. 3 1.8 0.5

55 1.5 1.3 2.1 1.6 0.4

60 1.4 1.1 2.0 1.5 0.5

Sample size - 3 cc.
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Table A29

Sediment Oxygen Demand: Galveston Channel Sediment

DiBsolved Oxyg~n (mg /1. @ 20 0 C)
Time Run 1 (5 cc) Run 2 (3-cc) Run 3 (2 cc)
(min)

0 8.6 8.5 8.6

1 8.0 7.7 8.1

2 6.2 7.1 7.6

3 5.6 6.8 7.4

4 5.2 6.5 7.1

5 4.9 6.2 6.9

6 4.5 6.0 6 . 8

7 4.3 5.9 6.7

8 4.0 5.8 6.6

9 3.8 5.6 6.5

10 3.6 5.5 6.4

15 2. 7 4.9 6.0

20 2.1 4.5 5.7

25 1.4 4.1 5,5

30 1.0 3.8 5.2

35 3.5 5.0

40 3.3 4.9

45 3.1 4.7

50 2.9 4.6

55 2. 8 4.5

60 2 . 6 4.4
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Table A30

Sediment Oxygen Demand: Houston Ship Channel

Site 1 Sediment

Time DissolVed Oxygen (mgll @ 20°C)

(min) Run 1 Run 2 Run 3 Run 4 X SD

0 7.3 7.2 7.2 7.3 7 . 2 0.1

1 7.2 6.9 6.9 7 . 3 7.0 0.2

2 6 .. 8 6. 5 6.5 6.8 6.6 0.2

3 6 .. 7 6.3 6.3 6.5 6.4 0.2

4 6.5 6.1 6.2 6.4 6.3 0.2

5 6.4 6.0 6.1 6.2 6. 2 0.2

6 6.4 5.9 6.0 6.1 6.1 0.2

7 6.3 5.8 5.9 6 . 0 6.0 0.2

8 6.2 5.7 5.8 5.9 5.9 0.2

9 6.2 5.6 5.7 5.8 5.8 0.3

10 6.1 5.6 5.7 5.8 5.8 0.2

IS 5.8 5.2 5.3 5.4 5.4 0.3

20 5.5 5.0 5.0 5.1 5.2 0.2

25 5.2 4.7 4.6 4.9 4.8 0.3

30 5.0 4.4 4.3 4.6 4.6 0.3

35 4.7 4.2 4.0 4.3 4.3 0.3

40 4.5 4.0 3.8 4.1 4.1 0.3

45 4.3 3.8 3.6 3.9 3.9 0.3

50 4.1 3.6 3.4 3.7 3.7 0.3

55 3 .. 9 3.4 3.2 3.5 3. 5 0.3

60 3.7 3.2 3.0 3.3 3.2 0.3

Sample size - 2 cc.
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Table A31

Sediment Oxygen Demand: Houston Ship Channel

Site 2 Sediment

Time Di"s so'Lved Oxy'gen (lng'll @' '2noC)

(min) Run .1 Run 2 Run 3 )(. SD

0 7.4 7.4 7.4 7.4 0.0

I 7.1 6.9 7.0 7.0 0.1

2 6.8 6.6 6.7 6.7 0.1

3 6.6 6.4 6.5 6.5 0.1

4 6.4 6.2 6.3 6.3 0.1

5 6.3 6.1 6.2 6.2 0.1

6 6.2 6.0 6.1 6.1 0.1

7 6.1 5.9 6.0 6.0 0.1

8 6.0 5.8 5.9 5.9 0.1

9 6.0 5.8 5.8 5.9 0.1

10 5.9 5.7 5.8 5.8 0.1

15 5.6 5.4 5.4 5.5 0.1

20 5.3 5.1 5.0 5.1 0.2

25 5.0 4.9 4.7 4.9 0.2

30 4.9 4.7 4.5 4.7 0.2

35 4.6 4.4 4.2 4.4 0.2

40 4.4 4.2 4.0 4.2 0.2

45 4.2 4.0 3.7 4.0 9.2

50 4.0 3.9 3.5 3.8 0.3

55 3.9 3.7 3 • 3 3.6 0.3

60 3.7 3.5 3.1 3.,4 0.,3

Sample size - 2 cc.
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Table A32

Sediment Oxygen Demand: Houston Ship Channel

Site 3 Sediment

Time Dd.ssoLved Oxygen (mg/T .@. ZOoC)

(min) Run .1. Run 2. Run .3. x. SD.

0 7.2 7.2 7.2 7.2 0.0

1 6.3 6.7 6.4 6.5 0.2

2 5.7 5.9 5.8 5.8 0.1

3 5.3 5.5 5.4 5.4 0.1

4 5.1 5.3 5.1 5.2 0.1

5 5.0 5.1 4.9 5.0 0.1

6 4.8 4.9 4.7 4.8 0.1

7 4.7 4.8 4.6 4.7 0.1

8 4.5 4.6 4.5 4.5 0.1

9 4.4 4.5 4.3 4.4 0.1

10 4.3 4.4 4.2 4.3 0.1

15 3.9 4.0 3.8 3.9 0.1

20 3.6 3;·6 3.4 3.5 0.1

25 3.3 3.3 3.1 3.2 0.1

30 3.1 3.1 2.9 3.0 0.1

35 2.8 2.8 2.7 2.8 0.1

40 2.6 2.6 2.5 2.6 0.1

45 2.4 2.4 2.3 2.4 0.1

50 2.3 2.3 2.2 2.3 0.1

55 2.2 2.1 2.0 2.1 0.1

60 2.0 2.0 1.9 2.0 0.1

Sample size - 3 cc.
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Table A33

Sediment Oxygen Demand: Port Lavaca Sediment Sample

Time Dissolved Oxygen

(Min) Run 1 Run 2 Run 3 X SD

0 7 . 6 7.5 7.5 7.5 0.1

1 6.9 6 • 7 6.6 6 • 7 0.2

2 6.5 6.1 6.0 6 • 2 o. 3

3 6.2 5 . 8 5 • 7 5 • 9 o. 3

4 5.9 5.5 5 • 5 5 . 6 O. 2

5 5 • 8 5.4 5. 3 5 • 5 o. 3

6 5.6 5 • 3 5.2 5.4 O. 2
7 5 • 5 5.1 5.1 5 . 2 O. 2

8 5.4 5.0 5 . 0 5.1 o. 2

9 5.3 4.9 4.9 5. 0 O. 2

10 5.2 4.9 4.8 5 . 0 O. 3

15 5.0 4.5 4.4 4.6 o. 3

20 4.7 4.2 4.1 4.3 o. 3
25 4.4 4.0 3. 9 4.1 o. 3
30 4.3 3. 8 3. 7 3 . 9 O. 3
35 4.1 3.7 3 . 6 3.8 o. 3

40 4.0 3. 6 3. 5 3 . 7 o. 3

45 3.9 3.4 3. 3 3. 5 o. 3

50 3 • 8 3. 3 3 . 2 3.4 o•3
55 3. 7 3.3 3. 2 3.4 o. 3

60 3.6 3. 2 3.1 3 • 3 o. 3

Sample size - 5 cc.
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Table A34

Sediment Oxygen Demand: Duwamish River Site 1 Sediment

Time Dissolved Oxygen

(min) Run 1 Run 2 Run 3 X SD

0 7 . 9 8 . 0 8.0 8.0 0.1

1 7.9 7 . 7 7 . 9 7.8 0.1

2 7.9 7 . 7 7.8 7.8 0.1

3 7 . 9 7.7 7.8 7.8 0.1

4 7.9 7 . 7 7.8 7.8 0.1

5 7 . 9 7.7 7.8 7.8 0.1

6 7.8 7 . 7 7.8 7.8 0.1

7 7 . 8 7.7 7.8 7.8 0.1

8 7. 8 7.7 7.8 7 . 8 0.1

9 7 . 8 7.6 7.8 7.7 0.1

10 7.8 7.6 7.8 7.7 0.1

15 7.8 7.5 7.8 7.7 0.2

20 7.8 7.5 7.7 7.7 0.2

25 7 . 7 7.4 7 . 7 7 . 6 0.2

30 7.7 7.3 7.6 7.5 0.2

35 7 . 7 7.3 7.6 7 . 5 0.2

40 7.6 7.2 7.6 7.5 0.2

45 7.6 7.2 7.6 7.5 0.2

50 7.6 7.2 7.5 7.4 0.2

55 7.6 7.1 7.5 7.4 0.3

60 7.5 7.1 7.4 7.3 0.2

Sample size - 5 cc.
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Table A35

Sediment Oxygen Demand: Duwamish River Site 2 Sediment

Time Dissolved Oxygen

(min) Run 1 Run 2 Run 3 X 3D

0 8 . 0 8. 0 8.0 8.0 0.0

1 7 . 3 7 . 2 7.2 7.2 0.1

2 6.4 6.4- 6.4 6.4- 0.0

3 5. 9 5. 9 5.9 5 . 9 0.0

4 5.6 5. 7 5.7 5.7 0.1

5 5.4 5.5 5.5 5 . 5 0.1

6 5.2 5 . 3 5. 3 5 . 3 0.1

7 5 . 0 5. 2 5.2 5.1 0.1

8 5 . 0 5.0 5.1 5.0 0.1

9 4.8 5 . 0 5.0 4.9 0.1

10 4-.7 4.9 4.9 4-.8 0.1

15 4.2 4.5 4.5 4.4- 0.2

20 3.9 4.2 4.2 4.1 0.2

25 3. 6 4.0 4.0 3.9 0.2

30 3.4- 3 . 8 3. 8 3.7 0.2

35 3.2 3 . 6 3.6 3 . 5 0.2

4-0 3.1 3.4 3.4- 3.3 0.2

4-5 3.9 3. 3 3.3 3.2 0.2

50 2 . 7 3. 2 3.2 3 . 0 O. 3

55 2 . 6 3. 0 3.1 2. 9 O. 3

60 2 . 5 2 . 9 3. 0 2 . 8 o. 3

Sample size - 5 CC.
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Sample size - 3 cc.
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Table A37

Sediment Oxygen Demand

Perth Amboy Channel Sediment

Time Dissolved Oxygen (mg/l @ 22°C)

(min) Run Run 2 Run 3 X SD

0 7.4 7.4 7.4 7.4 0.0

1 7 .3 7.1 7.1 7 . 2 0.1

2 6 .8 6.5 6 . 8 6.7 0.2

3 6.5 6.1 6.4 6.3 0.2

4 6.3 5. 8 6.1 6.1 0.2

5 6.1 5.7 5.9 5.9 O. 2

6 5.9 5. 5 5. 7 5.7 0.2

7 5.8 5.3 5.6 5. 6 0.2

8 5.6 5.1 5.4 5.4 0.3

9 5.5 5.0 5. 2 5. 2 0.3

10 5.3 4.9 5.1 5.1 0.2

15 4.8 4.3 4.6 4.6 O. 3

20 4.3 3.8 4.0 4.0 O. 3

25 3.9 3.4 3. 6 3. 6 O. 3

30 3.6 3.1 3.2 3.3 0.3

35 3.2 2. 7 2. 9 2.9 0.3

40 3.0 2.4 2.6 2. 7 0.3

45 2.7 2.2 2.3 2.4 O. "3

50 2.4 2.0 2.1 2. 2 O. 2

55 2. 2 1.8 1.9 2.0 0.2

60 2.1 1.6 1.7 1.8 0.3

Sample size - 2 cc.
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Table A38

Sediment Oxygen Demand:.

Perth Amboy Anchorage Sediment

Time Dissolved Oxygen (mg/l @ 22°C)

(min) Run Run 2 Run 3 X SD

0 7.4 7.4 7.4 7.4 0.0

1 6.9 6.8 7.1 6.9 0.2

2 6.5 6.5 6.7 6.6 0.1

3 6.2 6. 2 6.4 6.3 0.1

4 6.0 5.9 6.2 6.0 0.2

5 5.8 5.8 6.0 5.9 0.1

6 5.7 5. 6 5.8 5.7 0.1

7 5.5 5.4 5.7 5.5 0.2

8 5.3 5.3 5.6 5.4 0.2

9 5.2 5.1 5. 5 5.3 0.2

10 5.0 5.0 5.4 5.1 0.2

15 4.4 4.3 4.9 4.5 O. 3

20 3.8 3.8 4.3 4.0 O. 3

25 3.3 3. 3 3.9 3.5 O. 3

30 2. 9 2.9 3.4 3.1 O. 3

35 2.4 2.6 3. 0 2.7 0.3

40 2.1 2. 3 2.6 2.3 0.3

45 1.8 2.0 2 . 2 2.0 0.2

50 1.5 1.7 2. 0 1.7 0.3

55 1.3 1.5 1.7 1.5 O. 2

60 1.0 1.3 1.4 1.2 0.2

Sample size - 2 cc.
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Table A39

Sediment Oxygen Demand:

Bay Ridge Channel Sediment

Time Dissolved Oxygen (mg/l @ 22°C)

(min) Run Run 2 Run 3 X SD

0 7.4 7.4 7.4 7.4 0.1

1 7 . 0 7.0 6.9 7 . 0 0.1

2 6.7 6.8 6.6 6.7 0.1

3 6. 6 6.6 6.4 6.5 0.1

4 6.4 6.4 6.3 6.4 0.1

5 6. 3 6.3 6.1 6.2 0.1

6 6. 2 6.2 6. 0 6.1 0.1

7 6.1 6.1 5.9 6.0 0.1

8 6.0 6.0 5. 8 5.,9 0.1

9 5.9 5. 9 5.7 5.8 0.1

10 5. 8 5. 8 5.7 5. 8 0.1

15 5.4 5.4 5.2 5. 3 0.1

20 5.1 5.0 4.9 5.0 0.1

25 4.8 4.7 4.5 4.7 O. 2

30 4.5 4.4 4.2 4.4 O. 2

35 4. 2 4.1 4.0 4.1 0.1

40 4.0 3.9 3. 7 3.9 0.2

45 3. 7 3.6 3.4 3.6 0.2

50 3. 5 3.4 3.2 3.4 O. 2
55 3. 3 3. 2 3.0 3.2 o. 2

60 3.1 3.0 2.9 3.0 0.1

Sample size - 2 cc.
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Table A40

Sediment Oxygeri Demand: Mobile Bay, Alabama, Site 1

Time Dissolved Oxygen (rng zL)

(min) Run 1 Run 2 Run 3 X 3D

0 7.4 7.4 7.4 7.4 0.0

1 6.5 6 • 3 6.3 6.4 0.1

2 5.7 5.5 5.6 5 . 6 0.1

3 5.2 5.0 5.1 5.1 0.1

4 4.9 4.7 4.8 4.8 0.1

5 4.6 4.4 4.5 4.5 0.1

6 4.5 4.1 4.3 4.3 0.2

7 4.3 4.0 4.1 4.1 0.2

8 4.1 3.8 4.0 4.0 0.2

9 4.0 3.6 3.8 3 .8 0.2

10 3.9 3.5 3. 7 3.7 0.2

15 3.4 3.0 3.2 3 . 2 0.2

20 3.0 2.6 2.8 2.8 0.2

25 2.7 2.2 2.5 2.5 0.3

30 2.5 2.0 2.2 2 .2 0.3

35 2.2 1.7 2.0 2.0 0.3

40 2.1 1.5 1.7 1.8 0.3

45 1.9 1.4 1.5 1.6 0.3

50 1.8 1.1 1.3 1.4 0.4

55 1.6 1.0 1.2 1.3 0.3

60 1.5 0.8 1.1 1.1 0.4

Sample size - 3 cc.
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Table A41

Sediment Oxygeri Demand: Mobile_Bay, Alabama, Site 2

Time Dissolved Oxygen (mg/l)
(min) Run 1 Run 2 Run 3 X SD

0 7.4 7.4 7.4 7.4 0.0

1 7.0 6.5 6.8 6.8 0.3

2 6.0 5.8 6.0 5.9 0.1

3 5.5 5.4 5.5 5.5 0.1

4 5.2 5.2 5.2 5.2 0.0

5 5.0 5.0 5.0 5.0 0.0

6 4.8 4.9 4.9 4.9 0.1

7 4.7 4.8 4.7 4.7 0.1

8 4.5 4.6 4.6 4.6 0.1

9 4.4 4.5 4.5 4.5 0.1

10 4.3 4.4 4.4 4.4 0.1

15 4.0 4.0 4.0 4.0 0.0

20 3.6 3 . 8 3.7 3.7 0.1

25 3.3 3.5 3.4 3.4 0.1

30 3.2 3. 3 3.2 3.2 0.1

35 3.0 3. 2 3.0 3.1 0.1

40 2.8 3.0 2.9 2.9 0.1

45 2.6 2.8 2.7 2.7 0.1

50 2.5 2.6 2.5 2.5 0.1

55 2.3 2 . 5 2.4 2.4 0.1

60 2.2 2.4- 2.3 2.3 0.1

Sample size - 3 cc.
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In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Lee, G Fred
Evaluation of the elutriate test as a method of predicting

contaminant release during open-water disposal of dredged
sediments and environmental impact of open-water dredged
material disposal; Vol. II: Data report / by G. Fred Lee ...
ret al.], Environmental Chemistry, University of Texas at
Dallas, Richardson, Tex. Vicksburg, Miss. : U. S. Waterways
Experiment Station ; Springfield, Va. : available from National
Technical Information Service, 1978.

1 v. in 2 : ill. ; 27 cm. (Technical report - U. S. Army
Engineer Waterways Experiment Station; 0-78-45, v.2)

Prepared for Office, Chief of Engineers, U. S. Army, Wash
ington, D. C., under Contract Nos. DACW39-75-C-Ol02 and DACW39
76-C,-0117 (DMRP Work Unit No. lE03A/B)

References: p. 1183-1186.

1. Contaminants. 2. Dredged material. 3. Dredged material
disposal. 4. Elutriate tests. 5. Environmental effects.
6. Open-water disposal. 7. Sediment sampling. 8. Waste

(Continued on next card)

Lee, G Fred
Evaluation of the elutriate test as a method of predicting

contaminant release during open-water disposal of dredged
sediments and environmental impact of open-water dredged
material disposal; Vol. II: Data report ... 1978. (Card 2)

disposal sites. I. Texas. University at Dallas. Environmental
Chemistry. II. United States. Army. Corps of Engineers.
III. Series: United States. Waterways Experiment Station,
Vicksburg, Miss. Technical report; D-78-45, v.2.
TA7.W34 no.D-78-45 v.2




