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River between St. Paul and Winona, Minnesota.

Thia study was conducted to determine the biological activity and chemical
characteriatics of dredge material from ten aites on the Upper Missisaippi

Sediment samples from the ten sites vere characterized ss being of two
types: predominately sand and fine sand with substantial amounta of ailt, cl
and colloidal materials. Toxic activity observed in particulate phase
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predominantly sand wei” essentially aoatoxic, :‘"*.u which contained
substantial amounts of siil, «!*v and colloldr] material often produced a

toaic effect (wmortaliv).

The only sediment samples vhich were classified as heavily polluted were those
from the Red Wing Commercial Harbor and the St. Paul Barge Terwminal. These
tvo sasples consisted of large proportions of silt and clay and reflected a
strong inverse correlation noted between particle size and concentration of thef
contaminants amoung the ten sample sites.
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ABSTRALT
The U.S. Environmenta)l Protection Agency (EPA) and the U.S. Army

Corps of Engineers (COC) are responsible for developing guidelines to

regulate the dispuse! of dredged materiel. Many goverrmmenta! and pr vate
interest groups in the Mississtipp! Piver basin are concerned shout
potent 1a4)! hazards associated with the possible release of contaminent
substances during dredging dctivities and the deleterious effects that
resuspended saterials may have on agquatic orgdnisms. This study wes i
conducted to determine the biological activity and chemical character-
istics of dredge material from 10 sites on the Upper Mississippi River
between St. Pau! and Winoma, Minnesots. Funds for the study were
provided by the St. Paul District of the COE.

Toxic effect, were assessed in static bioassays by exposing aquatir
organisms to (1) sediments under steble water conditions, and (2)

suspended particulate materials thet were maintained in suspension by

seration, 0rganisms tested involved scuos [(Gaswmarug pseudo imnaeus |,

crayfish (Procambarys Qp.), mayfly nymphs (Hexagenisa sp.), midge larvae

(Chironomus tentens), snails (Physa gyrina), fawnfoot mussels (Truncilla

donaciformis), fingernatl clems (Spheerium sp.), fathead minnows

(Pimephales promelas), and channel catfish (lctalurus punctatus).

Chemica) characteristics were determined by standard analytical
procedures for three types of sample preparations: (1) sediment per se.
(2) suspended perticurate matertals, and (3) a flivered eluusiate.
Analyies were run to determine volatile solids, pH, COO, ROD, tota)
phosphate, orthe phosphate, ammonia nitrogen, nitrite and nitrate

nitrogen, oil end gredse, chromium, copper, lead, 2inc, nickel, mercury,

cedmium, PCB's, DOO, DODE, DOY, endrin, dieldrin, and chlordane.
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Sediment samples frem the 10 sites were charsacterized as being of two
types: (1) predominantiy sand, and (2) fine sand with substantia] amounts
of silt, clay, and collcidal materials. Tosic activity observed in
particulate phase exposures was related to the type of sediment mater' al
Samples which contained predominantly sand were essentially nontox
semples which contained substantial amounts of silt, clay, amd colloica
saterial often produced a toxic effect (mortality).

Samples from the Red Wing Cosmercial Harbor and St. Paul Barge
Termina] were the only ones that produced mortality among aquatic
organisms. As & rule, particulate phase exposures were more toxic than
solid phase exposures. Samples from the eight remaining sites were
essentially nontexic 'n both types of exposures.

Concentrations of the various chemicals were generally highest for
total sediment samples, values for suspended particulates were generally
nigher ther those for millipore filtered elutriates. Most contaainants
were not extractabie in water. This was indicated by the low cenataminant
concentratfons found in elutriate samples. There is little likeiihood
that many of the observed concentrations of contaminants, dy themselves,
would be acutely toxic to aquetic organisms. Ammontia nitrogen, cadmium,
ani 2inc in the more heavily conteminated samples approached lethal
concentrat fons moresc then other conteminants, but those concentrations
were still sublethal,

The on’y sediment samples which were classified as heavily po)luted,
based Sn endlyses for the various contaminants, were those from the Ped
Wing Cosmercial Harbor and the St. Paul Barge Terminal. These two samples
consisted of large proportions of stit and clay and ~eflected a2 strong
inverse correlation noted between particle size and concentratts. of the

contaminants among the 10 sample sites.
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INTROOUC T [ ON

The U.5. Environmenta) Protectton Agency {(EPA) and the U. Army
Corps o Engineers (COE) are responsible for developing guide! inesy !
regulate the disposa’ of dredged mater's Many federa'!, state, &
private interest nthe Migsissipp) River bestin are concerned sbou’
potent 1a) hazards that might be associsted with the possible
resuspension of contaminant substamces during dredqging processes, an
that resuspended materials may have deleterinus effects on aguatic
organisms. This ;tudy was undertaken to assess the biological
activity and chemica! characteristics of dredge materigls and the
potent 1al acute effects on the river biots

In & study supported by EPA fumnds, Prater and Anderson (197
conducted bicassays on eight sediments co'lectes from Duluth, Minnesots
and Superior, Wisconsin, harbors on Lake Superior Sites were chose
their study to reflect arees suspected to be hesvily, moderately, or
nonpo’ luted. They reported that none of the sediment samples produced
1008 mortality among the groups of organisms exposed, and five of the
sediments produced less thar & 303 mortaltity among Hexagenis | mbats
mayfly), Daphnis magns (water flea), Pimephales proselss (fathess

stnnow), and Asellus communts (scud Daptnis magne appeared Lo be i

most sensitive organism, and Hexsgeris | 1Mbats was next in semsitlivity
Chemical characteristics were reported for all sediment semples, but the
authors could not correlate mortality of test organisms with any of the
indtvidual chemica! components

The Waterways fxperiment Station at Vicksburg, Misstissipp’' has

done considerdble worx on dredge materia) including methodologies for

determining tmpacts of dredged miterial, disposa! 0f dredged myterial,
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and contaminant releases from dredge materials (Shuba et al. 1977,

Jones and _se 1978, end Peddicord et al. 1979). Although methods
for sediment studies have been standardized to some extent,
modification and updating of certain procedures continue to be reported
15 technigques are developed.

Peddicord et al. (1979) studied sediments from the Upper Mississipp!
River (UMR), and reported low toxicity to all aquatic species they tested
except amphipods. B8iocaccumulation of PCB's and metals in tissues of
invertebrates exposed to sediments occurred in only 111 of their tests.
Peddicord et al. (1979) suggested that typical dredging and disposal
operations on the Upper Mississippi River have little potential to ceuse
short-terw ecological effects due to incresases in mortality or
bivaccumuslation of contaminants in the species studied.

Methodology for the study reported here was specified by the
contractee and modified as appropriate to simulate and evaluate “worst
case” conditions. For instance, & S-minute settling time for suspended
particulates rather than 2 l-hour settling time (Peddicord et a}. 19.9)
was adopted to evaluate the impacts of spoil deposition near the
d°scharge point of dredged material.

The tbjectives of this study were to ()) determine the biolojical
activity of jediments, whether due to toxiCity of contaminants conmtained
in the sediments or to the 2ffects of physical impact of particulate
matter on representative organisms common to the Mississippi River and
(2) determine the chemical characteristics of the dredge materials.
S10logical activity (Part [ of this study) was evaluated by exposing
quatic organisms to dredge material per se (solid phase) in suitable

dilution water and to solytions comtaining suspended pariiculate matter




(suspended particulate phase). Chessical charscterization (pert 11)
involved analysis of three phases of dredge material--solid phase,
suspended particulate phase, and a filtered elutriate or liquid phase.
Chemical analyses were done according to standardized laboratory
procedures or modifications thereof to accosmodate the peculiar materials

invol ved.
PAR" |

METHODS FOR BIOLOGICAL TESTS

The experimental design of this laboratory study provided for an
assessment of the acute effects of exposure to dredge materials on
selected organisms in & situation that simulated conditions related o
a dredging operation. Solid phase tests consisted of sediment held
undisturbed under dilution water to approximate cenditions prior to or
immediately after dredging operations, and particulate phase tests
consisied of exposing organisms to highly concentrated suspendec
particulates to simulate “sorst case” comnditions during hydraulic

dredging operations.
Sed iment

Sediment samples were collected by personnel of the St. Pay! District
Corps of Engineers from 10 sites on the Upper Mississippt River (Table
1). Sediment was collected with a Ponar dredge and transported or ice in
stainless steel contasimers to the National Fishery Research Lahoratory at
La Crosse, Wisconsin, Two sediment semples were delivered to the
laboratory every 2 weeks over a perfod from June 3 to July 30, 1960.

Four containers of sediment were collected from each site. Upon receipt
of the sediment samples, the material wes homogenized in s Hobart food

mizer equipped with stainless steel paddie and bowl. Portions of the

homogenate were then taken for solid phase tests, particulate phase
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tests, and chemical anlayses; the remaining sediment was stored in {

polyethylene tanks at 4°C. .
Test Organisms

Aquat ic invertebrates were collected from the wild or cultured at the )

laboratory. A)) specimens were held in favorable culture conditions

prior to exposures to the sediment. No group was used if 10T or more

died during a quarantine period or otherwise appeared unhealthy.
Organisms were considerd healthy if they fed and thrived under culture

conditions. Scuds (Gammarus pseudolimmaeus) and snails (Physa gyrime)
were collected with a sweep net from a feeder »pring on the Kickapoo

River near Avalanche, Wisconsin. Crayfish (Procembarus sp.) were
obtained from the Genoa Natiomal Fish Hatchery. Mayflies (Hexagenia
sp.) were cultured from eggs obtained fram Pool 7 (Lake Omalaska, River
Mile 703-708) during the 1979 susmer emergence. Midge (Chiro. .mus
tentans) were obtained from Dr. Joseph Kawatski, Viterbo College,

La Crosse, Wisconsin. Fawnfoot mussels (Truncilla donaciformis)

were collected, with long handled nets by wading or standing in a boat,
from the Upper Mississippi River (River Mile 722). Fingernatl clams
(Sphaerium sp.) were collected using sweep net< from Pool 7 (Lake
Onalaska, River Mile 703-708). Fathead minnows (Pimephales promelas) and
channel cotfish (lctalurus punctatus) were cultured at the La Crosse

Nat fomal Fishery Research Laboratory. Organisms were exposed in vessels
based on their size and compatability with other species. Fathead
ainnows and channel catfish were grouped as were crayfish and fawntoot
mussels. Bof's groups were exposed in S5-gallon jars. Midges, mayflies,
and fingernail “lams were exposed as a group; so were snai's and Scuds.
These animals were exposed in 1-gallon glass jars.
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Test Procedures

Acute toxicity tests on the sediment samples were performed in two

phases--a2 solid phase and suspended particulate phase. Sediment for
solid phase exposures was placed in l-and 5-gallon glass jars and
reconstituted well water was added to yteld 2 ratio of 4° of water per 1°
of sediment. Care was taken when adding the water to avoid disturbing or
partitioning of the sediment. Exposure water was prepared by
reconstituting deionized well water according to methods outlined by the
Committee on Methods for Toxicity Tests with Aquatic OUrganisas (1974} to
approximite water Chemistry conditions found in the Upper Mississippi
RMver (pH, 7.6-8.0; total hardmess expressed in mg/L as CaC03, 160-180).
Solutions in the test vessels were allowed to settle for 12 hours before
introducing test organisms. Aeration of test solutions was orovided as
necessary to maintain the oxygen concentration needed to support the test
organisms, and was kept to 2 minimum to avoid creating turbulence that
would disturd the sediment. Water temperatures were maintained at 17°C
by immersing test vessels in water baths. Each exposure was duplicated
and one-half of the water volume in each test vessel was replaced daily
for 96 hours as specified in the contract. Dissolved oxyger, pH,
turbidity, and suspended solids readings were taken daily. After 96
hours, the test vessel contents were washed through a fine mesh screen,
and survival information for the test organisms was recorded.

Sediment suspensions for particulate phase tests were prepared daily
by vigorously mixing sediment with reconstituted well water at 2 ratio of
four parts water to one part sediment. The suspension was vigorously
aized in & Hobart mixer for 30 minutes. After a S-minute settling

period, the supernatant was carefully decanted into 100-1iter polyetnylene
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tents. This susoension was consfidered to typify a systes of 100% r
suspended perticulate medium. The suspension was maintained by vigorous
seration and quickly added to the test vessels where the weter was
serated prior to the addition of the test organisms. Aeration wes also
provided during the exposures to maintain suspensions of particulate
materials. All exposures were set up in quadruplel, two were assessed for
mortality st 24 hours of szposure ond two ot 9% hours. Of those for
96-heur exposures, one-half of the volume wes replaced daily with freshly
l prepared 1008 suspended particulote matter for 4 days (96 hours). Neter
temperatures were saintained ot 179C by ismersing test vessels i+ water
| baths. Exposure media were monitored daily for diss0)lved onygen, pH,
turdidity, and suspended solids. Afigr 96 hours tne contents of the
exposure vessels were washed through 2 fine mesh screen and
survival-mortality dets for test organisms were recorded. In some
instances, the number of orgenisms recovered was less than that added
inftially. To allow for “worst case situation®, the missing animals were
recorded as mortalities.

Tests on suspended particulates thet resulted in greater then 201
mortality for a species were further delineated using dilutions of the
1003 suspended particulate medium. Orgenisms were exposed to the
undiluted particulate (1003 suspended particulates) and suspersions
containing 90, 75, S0, 25, and 0% of the undiluted particulate medium.
The 01 exposure was a control test. The LCgo's and 953 confidence
intervals were calculated according to procedures of Litchfield and
dilconen (1949) for those groups of exposed orgenisms in which substan-
tis] mortalitly occurred smong exposed organisms and where control

organise survival wes B0% or grester. Procedures for batch replacement

B e —— —
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and cheaica) analyses and for recarding temperature and survivel/mortality
dots were the same for the narticulate and solid phase tests.

Comtreol organisms were maintained 'n reconstituted test water with no
sediment. Ome group 0f controls was aerated, and one group wds not
erated to assess any effects that aeration might produce on test
rgani sms .

RESWLTS

Nime organisms that represent species found in the Upper Mississippt
River were ewposed Lo sediment jamples from 10 sites where maintenance
would be eapected based an past dredging records. Biodssay exposures
were conducted tn two phases: (1) a suspended particulate phase which
pprosisated the “worst case” conditions of suspended materials which
night develop conditions during and following hydraulic dredging, and
(2) a solid phase which simulated pre-dredge conditions or conditions
following settling immediately after dredging.

Particulate Phase Exposures

Sediments from the following sites were predominantly sand and
produced little or no mortality: Read's Landing, Truedale Slough, West
Sewton, Somerfield Island, Island 58, Grey Cloud Slough, and Below
Cudehy, wisconsin (Tables 2-7). An exception was mayfly nymphs and midge
larvae exposed to sediment from Truedale Slough. Results of prelimtinary
e1posyres were erratic for doth organisms as well as control organisms
{Table B8). e reexposed these organisms to the 1003 particulate phase
solution and 2ls0 to concentrations of 90, 75, 50, and 251 to establish 2
concentratfon-response gradient. With mayfly nymphs, survival rates were
80-100% st al) coacentrations, 1.e., no mortality was related to the

tediment (Tadble 9). Midge survival wés erratic at all concentrations,
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however, the controls survived well (90-1008). we were unable to
establish & concentration correlated response curve, possibly decsuse the
midge culture may have been approsching emergence. If so, the vigorous
aeration coupled with the abrasive nature of the 301) particles may have
been more than the midge larvae could tolerate.

Sediment samples that contained 4 high percentage of silt, clay, and
colloidal materials produced the most significant toxic effect. Sediment
from the Winona small boat harbor produced 54 and 731 mortality among
midge larvae in l-day exposures (Table 10). However, the observed

‘ mortality figures are considered questionable as numerous |ive midge

| lirvae were present in the sample when it arrived. All observed larvae

were assessed in the mortality and survival figures, and it 13 possible
I that some midges in the original sample were killed during the sediment
sizing procedure. The 4-day test results support this conclusion
because 901 of the animals survived.

Semyles from the lied Wing Commercial Hardor and St. Paul Barge
Terminal weie the only ones considered toxic to aquatic orgenisms.

Suspended particulate material from the Red Wing Cosmercial Harbor

produced substontial mortality emong crayfish, fathead minnows, and
channel catfish (Table 11). Mayfly nymphs, midge larvee, snails, and
fingernail cloms were also affected, but erratic mortality among control
groups of these orgenisms or survivel rates very close to our minimum
acceptability limits (B0T) led us to to believe that the mortality was
not directly due to the sediment.
Delineation tests confirmed the preliminery results. All organisms
of four species survived the exposures or, as with snafls, the mortglity (

‘ mong exposed individuals was essentially the same as that smong controls '
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‘ (Table 12). Mortality among crayfish, fathead minnows, and channel
catfish was definitely associated with the sediment; survival increased
3% particulate phase materia: was diluted. For fnstance, survival of
crayfish ranged from 401 in the undiluted test media to 1001 in the
dilution containing 251 of the undiluted media. The 96-hour Llgy's
(concentration calculated to produce 508 mortality) and 951 conf idence

intervals are as follows

Fathead minnow 1002 (85.2-134)

The LCgp for fathead minmow is obviously an extrapolated value bec:zuse
less than S01 mortelity occurred in the undiluted suspension. The values
for crayfish and channel catfish are more meaningful because sore than 501
mortality resulted in the um!i uted suspension.

The St. Paul Barge Terminal sample produced mortalities exceeding 201

asong crayfish, snafls, fingernail clams, and fathead minnows (Table 13).

The observed mortalities did not exceed 50T for any species.

Delineation of the particulate phase media showed decreased survival
of crayfish at suspended particulate concentrations of S0T or greater
£ | (Table 14). Survival of fingernail clams wes decreased st the 1001
concentrations, but acceptable survival occurred at the 90T level. Fathead

minnow survival was decreased at concentrations of 753 or greater, smails

were not sffected in the delineation tests. The 96-hour LCgg's and 951

confidence intervals are as follows:

Crayfish 86t (69.5-106)
Fingernail clams 1173 (95.4-144)
. Fathead minnows 1633 (116-229)
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Again, values for fingernail clams and fathesd minnows were
estrapolated from the mortality regression and represent theoretical
values becouse grester than S0T mortality did not result in the undiluted
suspension.

Among the 10 samples sites, Red Wing Commercial Harbor and St. Paul
B8arge Terminal were the only two samples that produced enough toxicity to
Justify de'ineation. 3Joth semples contained more colloical and clay size
particles than the other sample sties, and chemical conteminants were also
higher in those samples. Toxicity of the other sites containing larger

particle size sediment was essentially nondetectable.

Solid Phase txposures

In contrast to the results from particulate phas: exposures, solid
materials produced no mortalities that could be related to possihle
contaminants (Tables 15-24). Scuds, crayfish, fawnfoot mussels, and
fingernail clams had good survival in all solid phase exposures. Results
of tests with mayfly nymphs, midge larvae, and smails were inconsistent.
for these organisms, the mortality in control lots was equal to or grester
then the mortality among exposed organisms. Exposures of these species
provided erratic results in both solid and particulate phase tests.
However, because mortalities among control and expoted organisms were not
substantially different, the sediment was not considered to be toxic.

Chemical characteristics of the particulate phate test solutinng
were fairly constant considering the complexity of the vixing, Jatly batch
replacement, and aeration procedures used (Appendix 1). A prodlem

encounterei in some of the particulate phase tests involved the increasing

suspended solid concentrations due to daily replacement of one-half of the
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sample volume as the test progressed. The gradual increase in concentra-
tiens of suspended solids was apparently =elated to the settling of some
of the particulate matter during the day between batch replacements.
During the replacement procedure, some of this “pseudosettied” material
wis probably resuspended. This occurrence was reflected as an increased
concentration of suspended particulate matter when measured | hour after
each batch replacement. This conclusion was further substantisted by
turbidity data deterained defore and after each batch replacement .
Generally, turbid ty concentrations increased from day 1 through ensuing
days, byt durtag each dey, the turbidity decreased with the passage of
time unt‘i the next batch replacements. Dissolved oxygen and pH remained
relatively constant throughout the tests.

Chemical and physical characteristics of the solfd phase test
solutions were slightly more variable than those of the particulate phase
solutions. The pH of the solid phase test solution was generally sore
acidic after the 12-hour setiling period than it was on subsequent days
after aeration and the introduction of test organisms. Dissolved oxygen
concentrations in solid phase soluttons were lower after the settling
period probahly due to the ocxygen demand of the sediment. Turbidity and
suspended s¢lid concentrations were relatively stable in most solid phase
solutions. However, we did note that crayfish activity in the test
vessels increased the turbidity and concentration of suspended solids in
tests involving sediment which contained significant amounts of fine
particulate matter.

Chemical characteristics of delineative test solutions prepared by the
dilution of 100% particulate matter with reconstituted well water were

very comparable for pH and dissolved oxygen (Appendix []) throughout the
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{-day test period. Turbidity and suspended solids readings were Somewhal .
variable from day to day, but the 4-day ave ages of the various dilutions
compared favorably with the intended (calculated) concentratiuns.
DISCUSSION
Sediment samples from the 10 sites cam be characterized into two types
1) predominantly sand, and (2) fine sand with substantial amounts of

si1lt, ciay, and collotda) materials. Biolegical activity in the

particalate phase exposures was related *o the type of sediment material

Semples which contained predominantly sand were essentially nom’oxic, and
semples containiag subdstantial smounts of si t, clay, and collotgal
naterial often produced a toxic effect

Results from the chemical analyses reported ir this study suggest that
semples from the P22 w'ng Commercial Bodt Harkor and the St. Pau! Barge

Terminal were the most contaminated. The Prater and Anderson (1977) index

for classifying sediment. indicate that materials from both sites were
heavily polluted., Results of the biological activity tests parallel the
analytical results in that samples from these sites also displayed the
greatest contamination among the 10 samples.

The survival of control organisms was assessed in aerated and unaerated
vessels in attempts to detect differences in mortality due to the
turhulence produced by aseration. We detected no differences in turvival
rates for aerated versus unaerated control lots of organisms. [n some
instances, survival was best in aerated vessels while, in other cases, the
opposite occurred. However, control vessels contained no sediment, and the
poor survival of mayfly nymphs and midge larvae may have been caused by the

lack of a suitable substrate. (
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The erratic mortaiity among "nails may have deen associsted with the
age, life stage, or physica! condition of the specimens. Since these
animals were collected from nature, there wids no way %o determine the age
of individuals even though specimens used were similar in 3ize. Additiona’
studies using ladboratory cultured organisms may provide more consistent
‘esults.

PART (1
METHODS FOR CHEMICAL CHARACTER]ZATION

Sedimen’. samples were homogenized and analyzed for particle size by
sieving and by the hydrometer me’iod (AST™ 1979). Steving was carried
out with 2 series of stainless stee! sieves on 2 Soi! Test sieve shaker.
Dispersion of the sediment sample for the hydrometer test was obtained
with 3 Soil Test stirrer and & dispersion cup.

Suspended particulate solutions were prepared by vigorously mixing a
14 (volume:volume) ratio of humoger.zed sediment and recomstituted water
(160-180 mg/L tota! hardmess s CaCO3) for 30 minutes. After 5 minutes
settling time, the supernatant (suspended particulates) was siphoned off.
The suspended particulate fraction was divided, and half of this sample
wds centrifyged to remove most of the heavy particulate material anc then
f.  tered through millipore filters (0.45 um) to odtain the elutriate
(V1quid phase) sample.

Aliquots of the sediment for the solid, suspended particulate, and
liquid phases were analyzed in duplicate for volatile so)ids, chemica!l
oxygen demand (COD), and biochemical oxygen demand (B0OD) followirny
standardized procedures (American Public Mealth Association 1976, U.S.

Environmenta) Protection Agency 1979). Following acid digestion, samples

were analyzed for cadmium, chromium, copper, lead, {iron, nicke!, and
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z2inc ysing & Model 560 Perkin-Elmer atomic adbeorption spectrophotometer

equipped with graphite furnece. Cold vapor technique was used for mercyry

analysis (Americen Pudblic Mesalth Associotion 1976)

Analyses for ssmonia nitrogen were made using a Model & Drion
specific fon meter. 011 and grease fractions were determined
gravimetrizally following soxalet estraction {Americen Public Health
Association 1976).

Duplicate analyses of bulk sediment samples for nitrite nitrogen and
nitrate nitrcgen were made using the methods of sofl analysts descrived by
Bremner (1965). Analyses for ortho dnd tota) phosphate were done

according to the methods of Olsen and Deen (1965), pH wes measured by the

acthod of Peech (1965).

Many water analysis procedures recosmend filtration of highly turbid
samples prior to analysis. In our study, this would have altered the

suspended particulate semple, essentially converting it into another

elutriate semple, Therefore, the suspended particulate samples were
anelyzed by the procedures referenced above for solid phase analysis.

Procedures used for analysis of the liquid phase are those outl ined
for water by the American Public Health Associsetton (1976).

Analyses for residues of PCB's (as Aroclor 1254), 00T, DDO. DOE,
dieldrin, endrin, and chlordene were made according to methods developed by
Ted Schwartz of the Columbia National Fishery Research Laboratory,
Columhia, Missourt, (persona! communication). The procedure involved
blending sediment with anmhydrous sodium sulfate followed by column }
extrection with methylene chioride. The liquid phase was extracted with

sethylene chloride in seperatory funnels. Florisil and stlica gel columng (

were used for semple cleanup. Sulfur interferences were removed hy
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resction with copper metal. Cleaned-up semples were then analyzec ageinst
reterence pesticide standards on Varian 3700 end Tracor MT-220 gas
chromatogr aphs equipped with electron capture detection. Operating
conditions for the Variam 3700 were as follows € ft I 2 mm glass column
packed with 1,50 O¥-17 and 1.95% QF-! on B80-100 mesh Chromosord w-HP,
colusn temperature, 1909, detector temperature, 3709, injector
temgerature, 2209C, nitrogen carrier gas flow, 32 m./min, electrometer
setting, 4 X 1011 AFS deflection on 4 | s recorder. Operating condittons
for the Tracor MT-220 were os follows: € ft X & sm glass columr pached
with 3% OV-17 on BO-100 mesh Chromosord w¥-HP, column temperature, 2000C
wetector tempersture, 3009C, injector tesperature, 2700C, nitrogen carrier
ges flow, column-40 of /@in, scavenge-40 mi/min, electrometer setling, 1.6 J
10-9 AFS deflection on & | W recorder.

Duplicate samples of the recomstituted dilution water used 1n mab ing
the suspended particulate and 11quid phases were 2)so analyzed for 411 of
the listed chemicals. Results of enalyses of sediment samples are reparted
on the basis of dry weights of sediments. Resuits of analyses of the

suspended particulates, 2'utriate, and reconstituted water are reported on

the basis of concemtration per liter.

There was a2 shortage of somple material from the Winone Small Boat
Harbor site so the analyses of the solid and suspended particulate phases
for 011 and grease coulc not be completed for that site (Table 613).

The column extraction procedure for the sol i¢ phase and sclvent
partitioning of the liquid phase were found to be inappropriste for

ertracting chlorinated hydrocarbons from the suspended particulate phase.

Therefore, concentrations of chlorinated hydrocerbans in the particulate

phese were not determined.
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RESULTS AND DISCUSSION v
FOR CHEMICAL C}N*CTEIIZAT!G“‘

Hydrometer particle size measurements were recorded in specific gravity
units (Tadbles 25-34). The percent term refers to the percentage of sot!
remaining in suspension at the level at which the hydrometer measured the
density of suspension. Stokes' law was used to calculate the diameter of
particles (in microns) that settled from the surface of the suspension at
the beginning of the sedimentation to the level at which the hydrometer was
measuring the density of the suspension (ASTM 1979). The hydrometer test
was useful 1n cCetermining the percentage of the sediment that was made up
af silt, clay, or collotd. Sieving was used to segregate various siz:s of

sand particles (Tables 15-44). The comdination of these two techniques was

the ysed to determine partfcle size classificatton of each sediment sample
(Tables 45-54). Particle size distributions of each of the 10 sites show
that mest of the sediment samples were predominantly sand with sasgles from
Red Wing Commercial Harbor, St. Paul Barge Termingl, and Winona Small Boat
Hardbor containing large amounts of silt and clay (Fig. 1).

Reconstituted water used in preparing the suspended particulate and

elutriate phases was composed of deionized water and ACS reagent grade

inorganic salts. The dverage pH of the dilution water was 8.26.
Concentrations of none of the other characteristics were above minimym
detectable limits (Table 55).

None of the pM‘s for any phase of the samples fell outside the range
of 7-9. The average pH was about 7.9. The pH of the liquid phases was
generally higher than that of the particulate phases, which was usually
slightly higher than that of the solid phases (Tables 56-65).
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There was generally good agreement between replicate anlayses
indicating the samples were well homogenized before subsampling (Tables
25-6%). In chemical characterization, concentrations were generally
largest for solid phase sampies, and the values for suspended particulate
samples were generally larger than the liquid phase samples (Tables 56-65;.
This was expected since progressively more of the sediment material was
removed in preparation of the suspended particulate and |iguid phase
samples. The relationship was particularly evident in analyses for COD,
800, phosphates, ofl and gresse, and some of the metals such as codatum,
chromium, 2inc, and iron. Consequently, in a dredging operation, the
apjority of contaminants found in the tested cediments generally would
remain associated with the sediments and would not be availadle to aquatic
organisms unless they are water extractable. Vigorous treatment such as
acid digestion would be required to liberate most of the materials.

Such lack of release of contaminants from sediments has been widely
Jocumented by studies using the standard elutriate test which usually
{nvolves mixing for 30 minutes and settling for 60 minutes (Brammom et al.
19762, Brannon et al. 1976b; Burks and Engler 1978; Gasbrell et al. 1980).
In this study, only 5 minutes settling time was used during preparation of
the elutriate to simulate 2 “worse case” situation. Very little of the
contaminants was released. MNone of the concentrations observed in the
liquid phase, "y themselves, would be acutely toxic to aquatic organisms
with several possible exceptions. The exceptions included the levels of
ssmonia nitrogen found in the samples from the St. Pau! Barge Terminal

Teble 57) and Red wWing Commercial Mardor (Table 59) and severa: samples
with potentially hazardous concentrations of cadmium (Tables 56-61, 63, 65)
and zinc (Tables 57, S8, 61, 62, 64, 65). Burks and Engler (1978) also
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reported the water soludility and release of asmonia from sediments.
Branncn et al. (1976b) reported that the release of ammonia concentrations
in standard elutriate tests exceeded fPA water quality standards for
Jquat ic life.

Residues of PCB's (as Aroclor 1754) were observed in all sediment
samples. However, the concentration in severa! samples (Tadles 56, 60,
fl1, 62) was less than that which could be accurately quantified (<1.00
ng/g). In every case where only trace amounts were obser.ed, the sediment
particle size was classified as being predominantly medium sand with
essent1ally no particles smaller than fine sand (74-425 um). This inverse
relationship between particle size and contaminant concentration was well
orrelited for most parameters examined. Sediments frowm the St. Paul Barge
Termingl, Red Wing Commercial Harbor, and Winona Small Boat Hardbor, for
ewample, were characterized as consisting of large propertions of silt and
clay (Tadles 46, 48, 52) ind 2l1) contained significantly greater
concentrations of contaminants than samples which were predosinantly sand.
Grimwood and McGhee (1979) also observed that the adsorption of dissolved
miterials on sediments is associated with the finer particles, particularly
clays (¢S5 um).

The sediment sample from Red ding Commercial Hardor (Tadble 59) was ‘he
cnly sample where DDL and endrin were confirmed. That site also contaired
residues of DT, DDO, dieldrin, and chlordene. Residues of these
chlorinated hydrocarbons were usudlly not found in sediments which were
predominant ly sand (Tables 56, 58, 60, 61, 62, 64); the exception was the
semple from below Cudahy which contained 2 small amount of DO and
chlordane (Tadle 65). Mowever, this sample was partially composed of silt

and clay size particles (Tadble 54).
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Prater and Anderson (1977) compiled a 1ist of the ranges of concentra-
tions of contaminants they fouad in sediments and used the 1ist to classify
sediments as «onpolluted, moderately polluted, or heavily polluted. HRased
on their classification system, the sediment sample from Red Wing
Commercial Harbor was heavily polluted with volatile solids, zinc, ammonia,
chosphate, nickel, and chromiua, and moderately polluted with iron and
(0D (Table 59). The only other sample that was heavily polluted according
to their classification system was from the St. Paul Barge Terminal. This
site was contaminidted with zinc and was a1so moderately polluted with
phosphate, nickel, and chromium (Table 57). Nickel and chromium were
ubiquitous contaminants. The only semples not polluted with nickel to some
degree were from Read’'s Landing (Table 56) and Truedale Slough (Table 58).
Read's Landing was the only site not polluted with chromium.

Analytical Quality Control

Quality assurance for the analytical procedures used ‘n this study was
provided by several integrated programs. C(ontrol standa-ds of water,
wastewater, metals, and pesticides for most of the characteristics we
currently monitor are analyzed on a regular basis. Results of analyses are
regularly checked against the manufacturer’'s standard values. If the
result of an analysis for any characteristic falls outside the acceptadble
range, steps are taken to evaluate the cause of the discrepancy and Lo
correct the prodbles. Quality assurance standards of potable water, 1
wastewater, metals, and pesticides were obtained from Envirommental

Resource Associates, 120 fast Sauk Trafl, South Chicago Meights, 11linois |

6041]1. Standards for minerals, nutrients, demands, and trace metals were

obtained from the Environmental Protection Agency, Cincinnati, Ohio,
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Analyses of replicate samples and the technigue of kmown addition -
standerds are used to verify precision and eccuracy of anelytical
prucedures. Additional quality assurance i3 pro-ided by “splitting”
samples with 2 loca) water guality laboratory (Davy Water Quality
Laboratory, La Crosse, Wiscomsin).
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Table I. Upper Mississippi River sediment sample sites -- 1980. L
Site name River mile Date coilecten
St. Pau! Barge Termina! 836.6-837.8 June 3
Head's Landing 761.8-763.8 June 3
Fed ding Commercial Harbor 791.4 June 17
Truedale Slough B08.2-808.7 June 17
. West Newton 747.2-748.2 July 1
Somerfield lsland 742 .6-743.9 July 1
Winona Small Doat Harbor 126.0 July 1§
Island 58 734.0-735.2 wuly 15
] Below Cudah) 831.0-832.4 July 29

Grey Cloud S)ough 827.5-828.3 July 29
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Table 9. Delineation of particulate phase tests with sediment from
Truedale Slough in reconstituted water at 17°C.

Composition (%) Percent survival among two groups
and species of 10 or.;iagbgch f1o-r 4 days
" MayfTy nymphs
Hexagenia sp.
100 90 90
% 100 100
} 75 8 100
| 50 100 100
| 25 100 %
; Controld 90 90
Midge larvie
Chironomus tentans
100 50 50
90 50 50
15 10 40
50 k) 60
; 25 30 60
Controld 100 %0

4ilution water only.
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2 Table 12. Delineation of particulate phase sediment tests from Redwing
& Commercial Boat Harbor in reconstituted water at 17°C.
Species and Percent survival among two groups
media composition (%) of organi
' _—
Crayfish
| Procasbarus sp.
100 50 3
90 40 50
7% 60 50
50 80 90
25 100 100
Control? 100 100
| Mayfly nymphs
Hexagenis p.
‘ 100 90 90
| %0 90 %
L 15 60 %0
| 50 100 100
\ 2% 100 100
1 Controld 80 %
Midge larvae
Chironomus tentans
100 9% 80
| %0 90 0
% %0 %0
S0 90 80
25 100 100
Controld %0 %
(more)




Table 12.

(comt'd)

Species and
media composition (%)

1

Percent survival among two groups
4

f

Physe gyring

100
90
7
S0
25

Control?

Fingernail clam
Sphaerivm sp.

100
%0
7%
50
2%

Controld

Fnhu_td LIRLYE )

100

75

Controld

& 8 & 3

100

100

100

e &8 &8 8

100
100

o

100

100

100

50
10
80
80
100
100
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Table 12. (comt'd)

——

Species and
media composition (%)

Percent survival among two groups

of 10 o-r*ﬂm each fr- 4 days

- aeiae e ———— ——— - ——

Channel catfish
Ictalurus punctatus

100

90
75
50
25

Controld

Milutton water only.

0 0

0 30

20 30

80 S0

100 100

100 100
——
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Table 14. Delineation of particulate phase tests with sedimen: from the
£ St. Pay) Barge Termina) in reconstituted water at 17°C.

- = = == —

Spectes and Percent survival among two groups
mediy composition (1) _of 10 organisms each {gr 4 days

- e — = -—

Crayfish
Procasbarus sp.

100 40 p—
80 40 -
1% 10 —
50 %0 —
Contreold 90 S
Snail
Physe gyrima
100 %0 %9
. 90 100 %0
7% 30 90
50 80 %0
Controld 100 80
Fingernail clams
Sphaerium sp.)
100 60 60
90 0 100
7% e %0
S0 90 9
Control? 90 100

(more)




Table 14. (cont‘'d)

Species and
media composition (%)

A ——

Percent survival among two groups

of 10 w#gﬁ 'F‘ days

Fathead minnow
Pimephales promelas

100

| 90
4]
50

Control?

10
100

100

g &8 & 8

100

—_—

Milution water only.
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