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ABSTRACT

The U.S. Geological Survey in cooperation with the U.S. Army Corps 
of Engineers participated in an elutriation study in April and August of 
1982. The purpose of the study was to collect reconnaissance data on 
elutriates, native water, and bottom material which could be used to 
evaluate short-term impacts of dredging and disposal operations 
representative of selected dredging sites in Oregon. Reconnaissance 
data were collected from the Chetco and Rogue River estuaries in 
southwestern Oregon and from the mouth of the Columbia River in 
northwestern Oregon to Cathlamet Bay, 18.2 miles upstream.

In an elutriation test, bottom materials from a potential dredge 
site are mixed with native water - collected from either a dredge or 
disposal site - and the liquid portion of the mixture is removed, 
filtered, and chemically analyzed. Presented in this report are 
chemical and physical analyses of elutriates, native water, and bottom 
material for selected metals, ammonia, organic carbon, pesticides, 
particle size, and gas chromatographic/mass spectometric 
semi-quantitative organic scans. Elutriate and bottom-material samples 
were screened specifically for phenolic compounds, particularly the 
chlorinated phenols; phenol was the only compound identified. 
Elutriate-test results showed variability for selected trace-metal 
concentrations of dissolved chemicals as follows: in micrograms per 
liter, arsenic ranged from <1 to 15, cadmium from 1 to 210, copper from 
<1 to 13, chromium from <1 to 5, and nickel from 2 to 18.

Comparison of 1982 reconnaissance data from the study with 1980 
reconnaissance data shows: (1) 1982 minimum, median, and maximum 
concentrations for arsenic, cadmium, chromium, nickel, and zinc meet or 
exceed all 1980 minimum, median, and maximum concentrations for 
euryhaline elutriates, (2) 1982 minimum, median, and maximum 
concentrations for cadmium, copper, and nickel meet or exceed all 1980 
minimum, median, and maximum concentrations for estuarine elutriates, 
and (3) 1982 maximum concentrations of DOT, methoxychlor, and perthane 
exceed 1980 maximum concentrations for bottom-material samples. 
Particle-size distributions of bottom material ranged from 98 to 2 
percent finer than 0.125 mm. Dissolved oxygen and pH were monitored 
during elutriation tests; variations in dissolved oxygen ranged from 
near-oxygen saturation to complete-oxygen depletion; variations in pH 
did not exceed .3 pH units. Results of computations to determine the 
amount of a constituent associated with bottom material (sediment and 
interstitial water) and subsequently released (dissolved) into the 
eIutriate-test native mixing water are presented for selected trace 
metals. The highest elutriate-test release was 35 percent for 
manganese; the second highest, 5 percent for cadmium. All other 
computed releases were less than or equal to 1 percent.



INTRODUCTI ON

The U.S. Geological Survey, in cooperation with the U.S. Army 
Corps of Engineers, participated in an elutriation study in April and 
August of 1982. Elutriation is a process by which bottom materials .from 
a potential dredging site are mixed with native water collected from 
either a dredge or disposal site and the liquid portion of the mixture 
is removed, filtered, and chemically analyzed. The elutriation test is 
a simplified simulation of the various chemical and physical processes 
that occur when bottom materials are hydrauIicaI Iy dredged and 
transported as a mixture of bottom material and native water.

The purpose of this report is to present reconnaissance data on 
elutriates, native water, and bottom material, representative of 
selected dredging sites, in Oregon. Chemical analyses were made for 
trace metals, ammonia, major ions, organic carbon, pesticides, and 
acid/neutral extractable organic compounds. Reconnaissance data were 
collected from the Chetco and Rogue River estuaries in southwestern 
Oregon and from the mouth of the Columbia River estuary in northwestern 
Oregon to Cathlamet Bay, 18.2 miles upstream (fig. 1).

Native water and bottom material were collected by Oregon District 
personnel from the Geological Survey and Portland District personnel 
from the Corps of Engineers. Elutriation tests, with the exception of 
chemical analyses, were conducted at the Geological Survey, Oregon 
laboratory; samples of native water, elutriates, and bottom material 
were prepared for chemical analyses and shipped to the Geological Survey 
Laboratory in Arvada, Colo. Analyses of bottom material for 
particle-size distribution were made by the Materials Laboratory, U.S. 
Army Corps of Engineers, North Pacific Division, Troutdale, Oreg. 
Samples were analyzed as follows:

1. Native water and elutriates - for selected trace metals, ammonia, 
organic carbon, pesticides, acid/neutral extractable organic 
compounds, hardness, pH, and specific conductance.

2. Bottom material - for selected trace metals, pesticides,
acid/neutral extractable organic compounds, percent moisture and 
particle-size distribution.

3. Elutriation tests - monitored for temperature, pH, and dissolved 
oxygen.

Field and laboratory procedures will be briefly outlined in this 
report; for further detail and information on earlier reconnaissance 
studies see Fuhrer and Rinella (1983). Sampling sites were selected by 
the Corps of Engineers, and designated as potential dredge or disposal 
sites. Figure 1 shows names and locations of project areas in Oregon.
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APPROACH AND METHODOLOGY

As defined by the U.S. Environmental Protection Agency/Corps of 
Engineers Technical Committee on Criteria for Dredged and Fill Material 
(Plumb, 1981, p. 2-28), "The elutriate test is a simplified simulation 
of the dredging and disposal process wherein predetermined amounts of 
dredging site water and sediment are mixed together to approximate a 
dredged-materiaI slurry. The elutriate is the supernatant resulting 
from the vigorous 30-min shaking of one part sediment from the dredging 
site with four parts water (vol/vol) collected from the dredging site 
followed by 1-hour settling time and appropriate centrifugation and 0.45 
urn fiItration."

Interpretation of the elutriate-test results should consider the 
following items (Lee and Plumb, 1974):

1. Increases or decreases in chemical concentrations as a result of
suspending bottom material from a dredging site with native water 
from a dredging or disposal site.

2. Background chemical concentrations of disposal-site water as
compared to chemical concentrations of the elutriate. Where 
chemical concentrations exceed 1.5 times the background 
disposal-site concentrations, special conditions apply to disposal 
of dredged material. The 1.5 factor does not necessarily 
represent an increase in chemical concentration that would be 
harmful to the environment; rather, it indicates that chemical 
release could occur and that consideration of its impact on the 
environment is advisable.

3. Factors affecting the elutriation test include (a) solid-to-liquid 
ratio; (b) length of time bottom material is in contact with 
native water; (c) pH and dissolved-oxygen changes during the 
mixing process; (d) method and duration of the mixing process; and 
(e) atmospheric exposure of bottom material prior to the elutriate 
test, allowing premature redox reactions to occur.

4. Elutriation test design indicates potential water-column problems, 
and does not directly indicate toxicity to benthic organisms.

According to M.O. Fretwell (U.S. Geological Survey, written 
commun., 1981), it is also important, in the interpretation of 
elutriation-test results to know that bottom-material metal analysis (as 
determined in this study) is a soft-digestion procedure for determining 
total recoverable chemicals and is an attempt to simulate 
bioavailabiIity. Soft digestion involves two steps: (1) preliminary 
destruction or removal of all organic matter using a 30-percent hydrogen 
peroxide solution (metals associated with organic material are 
retained for analyses); and (2) dissolution of all sorbed metals and 
other minor elements, using a 0.3 molar hot hydrochloric acid solution. 
This method involves dissolution of all readily available acid-soluble 
bottom-material components without appreciably attacking the internal 
matrix of the sediment. Analytical detection limits for dissolved and 
total recoverable trace metals are presented in table 1.



Table 1. Detection limits for dissolved and total 
recoverable constituents

[' ' = analyses have not been made]

Detection limit Detection limit
for dissolved, for total recoverable,

Chemical in ug/L in ug/g

Arsenic 1 1
Barium 100
Beryllium 10
Cadmium 1
Chromium 1
Copper 1
Iron 1
Lead 1
Manganese 10
Mercury .1
Nickel 1
Zinc , 10
Carbon, total organic  .1 mg/L
Nitrogen, ammonia .01 mg/L
Nitrogen, ammonia + organic .1 mg/L
GC/MS, neutral organics 1
GC/MS, acid organics 1

J_/ Analyses of total organic carbon were made on sample passed through 
a fiberglass having a nominal pore-size of 10 urn.

2/ Approximate detection levels for semi-quantitative GC/MS 
acid/neutral analyses.



Data and other information for each project include:

o A map showing sampling-site locations (figs. 3, 6, and 9).

o A table listing site designations, sampling dates, and site
locations by latitude and longitude (tables 4a through 6a).

o Tables listing results of chemical analyses, including metals, 
ammonia, organic carbon, particle-size analyses, pesticides, 
and gas chromatography/mass spectrography (GC/MS) 
semi-quantitative organic scans (tables 4b-i, 5b-i, and 6b-g).

o Figures showing dissolved-oxygen concentrations during the
one-hour quiescent period of the elutriation test (figs. 4, 7, 
and 10).

o Figures showing particle-size distribution of bottom material 
used in elutriation tests (figs. 5, 8, and 11).

Sample code (tables 4b-i, 5b-i, and 6b-i) is used to identify 
native water and elutriation samples under a classification scheme of 
marine, estuarine, euryhaline, and fresh, with salinity and specific 
conductance boundaries shown in figure 2. In this report, marine 
samples are considered as estuarine.

Retrieval of chemical data by either the U.S. Geological Survey's 
WATSTORE (a WAter Data STOrage and REtrieval System) or the 
Environmental Protection Agency's STORE! (STOrage and RETrieval System) 
can be made by using a 15-digit station identification number consisting 
of latitude and longitude, followed by a 2-digit sequence number. The 
sequence number indicates the type of chemical data to be retrieved from 
a particular latitude and longitude. The sequence numbers are as 
follows: 00 for elutriates with river water, 01 for elutriates with 
ocean water, 02 for bottom material, and 05 for native (river and ocean) 
water.

FIELD PROCEDURES

Bottom material was collected by a gravity corer or a ponar grab 
sampler depending on sampling conditions; water samples were collected 
with a 4-liter Van Dorn sampler. The ponar sampler was used for the 
Chetco and Rogue Rivers due to adverse weather conditions. The gravity 
corer was used in the Columbia River; gravity-core sampling is the 
preferred method since it collects a depth-integrated sample as opposed 
to a surfical sample by the ponar sampler. Water samples were stored 
chilled in collapsible plastic containers (polyethylene cubitainers) and 
bottom-material samples were stored chilled in (butyrate-acetate) 
plastic cylinders; sampling containers were cleaned with 10-percent 
hydrochloric acid and rinsed with distiIled-deionized water.
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LABORATORY PROCEDURES

Native-water and elutriate samples were analyzed for selected 
dissolved constituents; bottom-materiaI samples were analyzed for 
selected total recoverable constituents. The elutriation process 
involved a 30-minute continuous mechanical mixing of bottom material 
with native water (volumetric sediment-to-water ratio of 1:4) in a 
5-gallon glass carboy. The elutriate sample remained quiescent for 1 
hour after mixing; the supernatant was withdrawn and filtered (0.45-um 
pore-size filter) for analysis of dissolved constituents. Samples for 
the acid/neutral GC/MS semi-quantitative organic scan were processed in 
the same manner as processing organic samples described by Fuhrer and 
Rinella (1983). In addition, samples to be analyzed by the GC/MS scan 
were protected against bacterial and photochemical degradation by 
preserving with copper sulfate and phosphoric acid and storing glass 
sample bottles in styrofoam containers. Samples were refrigerated at 
4°C until shipped in ice to the Geological Survey Laboratory in Arvada, 
Colo., for chemical analyses.

All native-water, elutriate, and bottom-material samples were 
analyzed as follows:

1. Dissolved trace metals, ammonia, major ions, and all total
recoverable constituents were analyzed by the Geological Survey, 
using methods described by Skougstad and others (1979).

2. Filtered organic and bottom-material samples including pesticides
(organochlorine and chlorophenoxy compounds) were analyzed by the 
Geological Survey, using methods described by Wershaw and others 
(1983).

3. Particle-size distribution of bottom material was analyzed by the
Corps of Engineers using standard sieves approved by the American 
Society for Testing of Materials.

Immediately following sample filtration of selected samples, 
specific conductance and pH were measured at the Geological Survey 
Portland Laboratory, using methods described by Skougstad and others 
(1979).

The following information is provided to supplement item 2 with 
respect to semi-quantitative GC/MS analyses for acid/neutral extractable 
organic constituents in water and bottom material. The method described 
by Wershaw and others is a modification of the method used in this 
report as described by Mike Schroeder, U.S. Geological Survey chemist 
(written and oral commun., 1983).

Native water and elutriate samples were extracted as
follows: 100 g of NaCI was added to the water sample and 
pH was adjusted to <2. The sample was then extracted 
three times with methylene chloride. A blank was prepared 
by pre-extracting 900 mL of distilled water then following 
the same preparation method as for the samples.



The extracts were concentrated and deuterated biphenyl 
(d.- biphenyl) internal standard was added to each prior 
to analysis on a Hewlett-Packard-^-' 5985 GC/MS system.

The water extracts were treated with diazomethane to form 
the methyl esters of the organic acids present in the 
sample, which are generally more conducive to gas 
chromatographic analysis than the free acids. 
Consequently organic acids present in the samples appear 
as methyl esters in the data tables and are usually not 
found as such in the environment. The methylation process 
works well for highly substituted organic acids like 
chlorinated phenols; however, for some compounds like 
phenol (present in some of the samples), the methylation 
process is not complete. In these instances, free phenol 
appears as free phenol and its diazomethane derivative, 
anisole. The concentration assigned to free phenol should 
be considered a minimum value.

Bottom-material samples were prepared as follows: Approxi­ 
mately 15 gm dry weight equivalent of bottom material was 
subsampled and extracted three times with methylene 
chloride and acetone, using an ultrasonic probe for sample 
agitation. Surrogate spiking compounds, 2-fluoro phenol 
and d^-phenol, were used to check recoveries throughout 
the procedure (see table 2). Surrogate recoveries should 
be between 30 and 130 percent unless a matrix effect can 
be demonstrated. The extracts were combined and 
concentrated to 1.0 ml. D.^-biphenyl internal standard 
was added to the extracts prior to analysis on a 
Hewlett-Packard 5985 GC/MS system.

\J Use of brand names in this report is for identification
purposes only and does not constitute endorsement by the 
U.S. Geological Survey.
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Chemical extracts from native water, elutriates and 
bottom-material samples were analyzed as follows: 
Separation of sample components was done on a 25 m x 0.21 
mm ID SE-54 fused silica capillary column held at 35°C for 
5 minutes, then programmed to increase at a rate of 10°C 
per minute to 300°C. The capillary column was coupled 
directly to the mass spectrometer, which was set to 
analyze from 40-450 atomic mass units with a scan time of 
0.5 seconds. Spectra corresponding to gas chromatographic 
peak maxima were compared by computerized library search 
with the National Bureau of Standards Library Reference 
Spectra (NBSLRS). The best library matches were selected 
according to a "match factor" - a parameter used by the 
Hewlett-Packard library search algorithm to indicate the 
quality of the match between the sample and library 
spectra. Generally, the closer the match factor is to 
1.00, the better the library match. The best computer 
matches were compared with the sample spectrum manually to 
ensure the best possible identification. Tables 4e, 4h, 
5e, 5h, 6d, and 6f show match factors less than .9 in 
parenthesis following the reported concentrations. 
Compounds identified were then categorized according to 
the certainty of identification, taking into consideration 
standards run, library matches, and whether they were 
present in the blank, or in the wrong chemical fraction. 
The NBSLRS does not contain spectra for all organic 
compounds or their isomers. Spectrum matches with NBSLRS 
could have improved match factors if all the isomers of 
organic compounds referenced in the NBSLRS were present. 
As an example, a spectrum match identified as 
3,4-dichlorobenzoic acid (reported in table 5 with a match 
factor of 0.83) could possibly be another isomer; however, 
at present, 3,4-dichlorobenzoic acid is the only 
dichlorobenzoic acid isomer present in the NBSLRS.

Compound concentrations are reported in ug/L (waters) or 
mg/kg (bottom materials) calculated relative to the 
concentration of the d -biphenyl internal standard. 
Deuterated biphenyl is a common standard used for 
semi-quant?tative GC/MS analyses; constitutents analyzed 
by semi-quantitative methods are accurate to + or - 100 
percent of the reported value. For detection limits of 
acid/neutral organic compounds, see table 1. Pesticide 
compounds in bottom material would be detected by 
semi-quantitative GC/MS analyses if present in 
concentrations greater than 200 to 300 ug/kg.

The samples were all screened specifically for phenolic compounds, 
particularly the chlorinated phenols. Among those compounds detected in 
the elutriation test, phenol was the only compound identified, as 
indicated in the data tables.
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MONITORING ELUTRIATE-TEST CONDITIONS

Temperature, pH, and dissolved oxygen were monitored (in the upper 
layer of the el utriate-test mixture) during the one-hour quiescent 
period following the 30-minute mixing of the elutriate sample. 
Monitoring data can provide essential information describing 
c hem ica I -react ion conditions prevalent during individual elutriation 
tests (Jones and Lee, 1978).

Measurements of temperature and dissolved oxygen were made using a 
Yellow Springs instrument model 57 oxygen meter; pH measurements were 
made using an Orion Research model 601-A Digital lonalyzer with an Orion 
Research 91-04 pH probe.

Temperature

Native-water samples are stored at 4°C in refrigeration units and 
equilibrated to room temperature prior to elutriation tests. Measured 
temperature variations were less than 1°C during elutriation tests 
(tables 4c through 6c) .

The largest measured fluctuation in pH, + .3 pH units, was observed 
in an elutriation test made with bottom material sampled from site 
number 3 on the Rogue River. All other measured fluctuations were equal 
to, or less than, _+. 1 pH units. The highest and lowest pH measurements, 
8.2 and 6.7 pH units, were recorded from elutriation tests made with 
bottom material sampled from site number 11 on the Columbia River and 
site number 4 on the Chetco River, respectively. Measurements of pH 
shown in tables 4c through 6c represent the final pH va I ue at the end of 
the 60-minute quiescent period.

Dissolved Oxygen

Di ssol ved-oxygen concentrations in the elutriation test ranged from 
complete saturation (oxic conditions) to complete depletion (anoxic 
conditions). Graphs of di ssol ved-oxygen concentration verses time are 
presented in figures 4, 7, and 10. Figures 4, 7, and 10 also show 
di ssol ved-oxygen saturation - maximum oxygen concentration in water at a 
given temperature and salinity that is in equilibrium with atmospheric 
pressure - prior to the 30-minute mixing of the elutriation test.

Depending on the bottom material, some elutriation tests became 
anoxic during the 30-minute mixing period, the 1-hour quiescent period, 
or remained oxic for the duration of the elutriate test. The 30-minute 
mixing period provides some reaeration to the elutriate sample; however, 
some elutriate samples became anoxic during the mixing process (fig. 7, 
site 3 and fig. 10, site 10). Other elutriate tests became anoxic 
during the 1-hour quiescent period (fig. 4, sites 3 and 4).
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Elutriation-test dissolved-oxygen conditions are summarized in 
tables 4c through 6c by using a qualitative variable "REDOX CONDITIONS" 
with a value of 0 or R for oxidizing or reducing conditions, 
respectively. This information is helpful in evaluating 
elutriation-test results since many particulate/trace metal interactions 
are influenced by redox conditions (Bender, 1981)

STATISTICAL COMPARISON OF 1980 AND 1982 RECONNAISSANCE DATA

Frequency distributions of elutriation arid bottom-material data 
often are assymetric and have a few extreme scores; these distributions 
are better represented by counting methods like quartiles where the 
median is the best measure of central tendency (Byrkit, 1972). 
Quartiles have been generated in table 3 for 1980 reconnaissance data 
(Fuhrer and Rinella, 1983) and 1982 reconnaissance data. Reconnaissance 
data from 1980 were collected and analyzed from Oregon estuaries in a 
similar manner to 1982 reconnaissance data presented in tables 4b-i, 
5b-i, and 6b-i. Comparisons have been made based on the estuarine and 
euryhaline classifications of figure 2 for elutriation data.

The following elutriation constituents for 1982 reconnaissance data 
meet or exceed minimum, median, and maximum constituent concentrations 
of 1980 reconnaissance data for euryhaline and (or) estuarine 
classifications established for elutriation data:

o arsenic, exceeds euryhaline classifications
o cadmium, exceeds euryhaline and estuarine classifications
o copper, exceeds estuarine classification
o chromium, exceeds euryhaline classification
o nickel, exceeds euryhaline and estuarine classification
o zinc, exceeds euryhaline classification

The following constituents for 1982 reconnaissance data have one or 
more values exceeding maximum constituent concentrations for 1980 
elutriation and bottom-material reconnaissance data:

o barium, 400 ug/L, euryhaline classification maximum
o DDT, 1.9 ug/kg, bottom-material maximum
o perthane, 1 ug/kg, bottom-material maximum
o methoxychlor, .7 and 1.5 ug/kg, bottom-material maximum

TRACE-METAL RELEASE FROM BOTTOM MATERIAL TO 
ELUTRIATION-TEST MIXING WATER

Results of computations to determine elutriate-test release are 
presented in table 6h. These calculations indicate the amount of a 
constituent (by weight) associated with bottom material (sediments and 
interstitial water) that is subsequently released (dissolved) into the 
elutriate-test native mixing water. During an elutriation-test mixing and 
settling period, a variety of bottom-materiaI/mixing-water interactions occur 
based on physicaI-chemicaI conditions. Results of these interactions within 
a single elutriation test are determined by comparing trace-metal 
concentrations of elutriate-test filtrate and native mixing water.
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Table 3. Statistical summary of elutriate and bottom material data from the 1980 reconnaissance study
versus the 1982 reconnaissance study

Summary statistics are presented for elutriates based on euryhaline and estuarine classifications from figure 2; 
minimum, median, and maximum statistics are presented when n is less than 7; minimum,. Q-1, median, Q-3, and maximum 
statistics are presented when n is greater than or equal to 7; ' ' indicates chemical or statistical analyses have 
not been made; '*' indicates 1982 euryhaline and (or) estuarine minimum, median, and maximum values are greater than 
or equal to 1980 values; elutriate and bottom-material concentrations are reported in units of micrograms per liter 
and micrograms per kilogram, respectively, except where indicated.

Elutriate with euryhaline water
1980 reconnaissance data \J 

Q-1 median Q-3 max n

Cadmium* 
Chrom i urn* 
Copper 
Iron 
Lead

10

<1 < 1 < 1 1 29
<1 <1 <1 1 26

1 2 3 19 29
25 40 60 770 29
<1 <1 2.0 5 29

Aldrin
Chlordane
ODD
DDE
DOT

Dieldrin 
Endosulfan 
Endrine 
Heptachlor 
Lindane

Methoxychlor
Mi rex
PCB
PCN
Perthane

Si I vex
Toxaphene
2,4-D
2,4-DP
2,4,5-T

380
5

100
10

2
11

<.01
<.1
<.01
<.01
<.01

<.01
<.01
<.01
<.01
<.01

<.01
<.01
<.1
<.1
<.1

<.01
<1

.04
<.01

.01

28
6
6
5
6
6

6
6
6
6
6

6
6
6
6
6

6
6
6
6
6

6
6
6
5
6

min

80

Elutriate with euryhaline water
1982 reconnaissance data 

Q-1 median Q-3 max

Manganese
Mercury
Zinc*
Total Organic

Carbon mg/L
Nitrogen, Ammonia

as N mg/L

Phenol s
Arsenic*
Bar i urn
Beryl 1 i urn
Nickel*
Kjeldahl mg/L

10
<. 1
1.2

3.4

.04

<!
2

<100
<10

<1
1.5

30
<. 1
3.8

9.8

.74

17
 
 
 
 
 

80
.1

10

14

1.4

40
2

<100
<10

1.5
4.9

190
.2

10

23.5

7.5

160
 
 
 
 
~

1300
.6

40

35

19

380
5

100
10

2
11

29
29
29

29

29

28
6
6
5
6
6

70
<.

10

8.

1.

 
4

<100
<10

4
 

1

1

7

1
2
1

170
1

180
1

15

1
5
4

840
1

9.8 

2.6

6 
<100

10

13

3.6

.01

.1

.01 

.01 

.01

.01

.1 

.1 

.1

.01

.01 

.01 

.01

5300 4
.2 4

61 4

15 4
400 4
<10 4
18 4

.01 4

.01 4

.01 4

.01 4

.01 4

14



Table 3. Statistical summary of elutriate and bottom material data from the 1980 reconnaissance study
versus the 1982 reconnaissance study Continued

Elutriate with estuarine water
1980 reconnaissance data \J 

Q-1 median Q-3 max

Cadmi urn*
Chromi urn
Copper*
Iron
Lead

Manganese
Mercury
Zi nc
Total Organic

Carbon mg/L
Nitrogen, Ammonia
as N mg/L

Phenol s
Arsen ic
Bar! urn
Beryl 1 i urn
Nickel*
Kjeldahl mg/L

Aldrin
Ch lordane
ODD
DDE
DOT

Die 1 dr in
Endosu 1 fan
Endrine
Heptach 1 or
Lindane

Methoxychlor
Mi rex
PCB
PCN
Perthane

Si 1 vex
Toxaphene
2,4-D
2,4-DP
2,4,5-T

<1
<1
<1
50
<1

20
<.1
1.2

.5

.03

<,
1

<100
<10
< 1

.46

<.01
<.1
<.01
<.01
<.01

<.01
<.oi
<.01
<.01
<.01

<.01
<.01
<.1
<.1
<.1

<.01
<1
<.01
<.01
<.01

<1
<1
<1
88
<1

160
<.1

20

3.4

.38

8
1

175
10
3
1.2

<.01
<.1
<.01
<.01
<.01

<.01
<.01
<.01
<.01
<.01

<.01
<.01
<.1
<.1
<.1

<.01
<1
<.01
<.01
<.01

<1
<1

1
140<1
480

<.1
30

5.6

1.4

23
2

350
10
4
2.9

<.01
<.1
<.01
<.01
<.01

<.01
<.01
<.01
<.01
<.01

<.01
<.01
<.1
<.1
<.1

<.01
<1
<.01
<.01
<.01

1
<1
3

170
1

1500
.1

40

11

4.5

46
3

650
20
10
15

<.01
<.1
<.01
<.01
<.01

<.01
<.01
<.01
<.01
<.01

<.01
<.01
<.1
<.1
<.1

<.01
<1
<.01
<.01
<.01

3
40
11

4300
4

10000
.7

90

20

46

420
4

1500
20
11
36

<.01
<.1
<.01
<.01
<.01

<.01
<.01
<.01
<.01
<.01

<.01
<.01
<.1
<.1
<.1

.01
<1
<.01
<.01
<.01

54
54
56
56
56

56
56
56

56

51

55
15
14
15
15
11

13
13
13
13
13

13
13
13
13
13

13
13
13
13
13

13
13
13
13
13

m i n

1
<1
<1
160
<1

40

30

2

.09

1
<1

<100 
<10

2
.9

Elutriate with estuarine water 
1982 reconnaissance data _2/ 
Q-1 median Q-3 max

1
180

440

40

3.1

.38

26
1

<100

6.0 
1.2

210
<1
13

350
<1

15000
<. 1

40

5.5

7

260
1

<100
<10
16
6.4

4
4
4
4
4

4
4
4

4

4

4
4
4
4
4
4
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Table 3. Statistical summary of elutriate and bottom material data from the 1980 reconnaissance study
versus the 1982 reconnaissance study Continued

Bottom material
1980 reconnaissance data \J

Q-1 median Q-3 max

Arsen ic 
Cadm i urn 
Chromi urn 
Copper 
Iron

Lead
Manganese 
Mercury 
Zi nc
Carbon Inorganic 
g/kg

Carbon Total g/kg
Aldrin
CM ordane
ODD
DDE

DOT
Dieldrin 
EndosuI fan 
Endr i ne 
Heptachlor

Heptachlor Epoxide
Lindane
Methoxychlor
Mi rex
PCB

PCN
Perthane
Si I vex
Toxaphene
2,4-D
2,4-DP
2,4,5-T

<1
<1

1
4

1400

2
<1
6
7

6000

4
1

12
13

9200

8
2

15
35

16000

12
29
30
180

31000

28
28
28
28
28

32

4

10
90

.02
22

.6 1.38

.03

18 40 28
200 420 28

.06 .28 28
110 31000 28

.38

20

.4 

.4

4.1 28

133 28
1.5 27
4 28

11 28
6.8 28

1
.5 

:.1 
:.1
.2

28
28
26
28
28

11

<.1 28
.4 28

<.1 27
<.1 26

56 27

11
26
28
28
28
9

26

Bottom materiaI 
1982 reconnaissance data _3/ 
Q-1 median 0-3 max

2
<10

1
1

1800

2
<10

2
2

3300

3
<10

3
19

4200

6
<10
20
37

5100

9
10
30
72

20000

14
14
7
7

T4

<100 
40

<100 <100
64 85

.01 .06
13 22

.7

<100 <100 7
220 350 14

.14 .15 7
41 85 7

<.1 3
2 3
1 3
2.3 3

1.9 
.1

.1 
1.5

_1/ Fuhrer and Rinella, 1983.
7f Pesticide analyses were not made for 1982 elutriates with estuarine water (Columbia River Project). 
~bj Pesticide analyses were not made for 1982 Columbia River bottom material; herbicide analyses were not made on any 

1982 projects.
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To compare elutriate-test release between two or more eIutriat!on tests, 
the dry weight of bottom material must be considered. This weight is 
dependent on the percent moisture of the bottom-material sample. Since 
the elutriation test is determined volumetricaIly, (1 part bottom 
material to 4 parts water), the ratio of the dry weight of bottom 
material and associated trace metals to mixing water will vary as the 
percent moisture of the bottom material varies. To calculate 
e I utriate-test release, the following factors must t>e determined: (1) 
constituent concentration in eIutriate-test filtrate, (2) constituent 
concentration in eIutriate-test native mixing water, (3) percent 
moisture of bottom material, (4) mass of bottom material (wet weight), 
(5) trace-metal concentration of bottom material (dry weight), and (6) 
volume of eIutriate-test native mixing water.

The release of selected trace metals associated with bottom 
material to elutriate-test native mixing water, in percent, is 
calculated as follows:

Elutriation-test
release = (Ec - We) x Wv____ x 100
(in percent) Bm x (1-(M£/100)) x Be

where,

EC = concentration of trace metal in eIutriate-test filtrate, in
microgram per liter, 

We = concentration of trace metal in eIutriate-test native mixing
water, in micrograms per liter,

Bm = mass of bottom material in elutriation test (wet weight), 
M$ = percent moisture of bottom material in elutriation test, 
Be = total recoverable concentration of trace metal in bottom

material, in micrograms per gram, and 
Wv = volume of eIutriate-test native mixing water.

The following example shows how elutriation-test release has been 
computed for manganese at Cathlamet Bay site 10 (table 6h)

where,

EC = 15,000 micrograms per liter, 
We = 40 micrograms per liter, 
Bm = 5,048 grams, wet weight, 
M$ = 35 percent,
Be = 160 micrograms per gram, and 
Wv = 12.26 Iiters.

Elutriation-test
release = 15,000 ug/L - 40 ug/L x 12.26 L x 100
(in percent) 5,040 g x (1-(35/100)) x 160 ug/g

Elutriation-test
release = 183,410 ug x 100 = 35 percent
(in percent) 524,160 ug
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An el utriate-test release of 35 percent indicates that of the 160 
ug/g manganese in bottom sediment and interstitial water, 35 percent or 
56 ug/g of manganese will be released into the eIutriate-test filtrate. 
Due to the uncertainties of analytical precision and reporting levels, 
elutriation-test releases are reported to the nearest 1 percent. 
Computations of elutriation-test release are based on "total 
recoverable" trace-metal concentrations in bottom material described 
earlier (Fretwell, written commun., 1981).

Table 6h shows highest computed elutriation-test release, 35 
percent for manganese, occurred at Cathlamet Bay site number 10; all 
Columbia River elutriation tests, with the exception of site number 1, 
show an elutriation-test release of manganese. The second highest 
eIutriation-test release, 5 percent for cadmium, occurred at site number 
1.

SUMMARY OF RESULTS

This report presents reconnaissance data on elutriates, native 
water, and bottom material, representative of selected dredging sites in 
Oregon. Comparison of reconnaissance data from this study with other 
Oregon estuary reconnaissance data (Fuhrer and Rinella, 1983), indicates 
the following: (1) arsenic, cadmium, chromium, nickel, and zinc 
euryhaline elutriate concentrations meet or exceed minimum, median, and 
maximum values of 1980 euryhaline elutriate reconnaissance data, (2) 
cadmium, copper, and nickel estuarine elutriate concentrations meet or 
exceed minimum, median, and maximum values of 1980 estuarine elutriate 
reconnaissance data, and (3) DOT, perthane, and methoxychlor 
bottom-material concentrations have one or more values exceeding maximum 
constituent concentrations for 1980 bottom-material reconnaissance data. 
Particle-size distributions of bottom material ranged from 98-percent 
finer than 0.125 mm to 2-percent finer than .125 mm diameter.

Native water, elutriate, and bottom-material samples were all 
screened specifically for phenolic compounds, particularly the 
chlorinated phenols. Among those compounds detected in the elutriation 
test, phenol was the only compound identified, as indicated in the data 
tables.

Temperature, pH, and dissolved oxygen were monitiored during the 
one-hour quiescent period of the elutriation test. Temperature 
variations did not exceed 1°C; pH fluctuations did not exceed .3 pH 
units; and pH measurements of 8.2 and 6.7 were the maximum and minimum 
measured pH values. Dissolved-oxygen measurements made during the 
one-hour quiescent period indicate: one of four Columbia River, one of 
two Rogue River and two of three Chetco River elutriation tests were 
made under anoxic conditions.

Elutriate-test release of trace metals from bottom material to 
elutriate-test mixing water was computed for selected trace metals. The 
highest eIutriate-test release was 35 percent for manganese; the second 
highest, 5 percent for cadmium. All other computed elutriate-test 
releases were less than or equal to 1 percent.
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124°15'

B BOOKINGS^;

1 KILOMETER

Figure 3. Sampling sites for the Chetco River, Oregon.
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EXPLANATION

    SITE 2

     SITE 3

     SITE 4

TIME, IN MINUTES

Figure 4. Dissolved oxygen concentration versus time for Chetco River 

elutriate samples following the 30 minute mixing period. 

(Dissolved oxygen concentration at 100 percent saturation is 

9.5 mg/L at site 2,9.6 mg/L at site 3, and 10.7 mg/L at site 4.)
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Figure 6.-Sampling sites for the Rogue River, Oregon.
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Figure 7.-Dissolved oxygen concentration versus time for Rogue River elutriate 

samples following the 30 minute mixing period. (Dissolved oxygen 

concentration at 100 percent saturation is 10.3 mg/L at site 2 and

10.0 mg/L at site 3.)
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Figure 8.-Particle size distribution of bottom material from Rogue River sampling site 2.
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< 6

EXPLANATION

     SITE 4

      SITE 10

30 40 

TIME, IN MINUTES

Figure 10-Dissolved oxygen concentration versus time for Columbia River elutriate 
samples following the 30 minute mixing period. (Dissolved oxygen 

concentration at 100 percent saturation is 8.2 mg/L at site 1, 9.0 mg/L 
at site 4, 8.8 mg/L at site 8, and 8.3 mg/L at stie site 10.)
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