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A three-year laboratory study identified biological components of
selected populations of estuarine organisms which were most sensitive to the
effects of particle size and concentration of (1) suspended mineral solids
similar in size to sediments likely to be found in, or added to, estuarine
systems in concentrations typically found during flooding, dredging, and
disposal of dredged material, and (2) natural sediments in idential experiments
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20. Abstract (Continued)

suspended solids concentrations. Estuarine rishes were classified using the
results of static bioassays as tolerant (24 hr LCIO >10 ¢ ]—]), sensitive
(24 hr 1C,,<10> 1.0 g 1'1), or highly sensitive (24 hr LC < 1.0 g 1"1) to
fuller's earth suspensions. Generally, bottom-dwelling fish species were most
tolerant to suspended solids; filter feeders were most sensitive. FEarly life
stages were more sensitive to suspended solids than adults. Rioassays with
natural sediments indicated that suspensions of natural nuds affect fishes in
the same way as fuller's earth, but higher concentrations of natural material
were required to produce the same level of response. The effect of finely
divided solids on fishes was dependent on several characteristics of suspended
particles with different mechanisms operative in producing mortality in fishes,
although the cause of death was the same: 2anoxia. Sublethal solids effects

on fishes were identified: hematological compensation for reduction in gas
exchange across the gill surface, abrasion of the body epithelium, packing of
the gut with large quantities of ingested solids, disruption of gill tissue,
increased activity, and reduction in stored metabolic reserves. Oxygen
consumption of striped bass and white perch swimming at controlled levels of
activity was generally reduced during exposure 1o suspension of fuller's earth
and natural Patuxent River sediments. Carbon assimilation by four species

of phytoplankton was significantly reduced by the light attenuating properties
of fine silicon dioxide suspensions. Ingestion of radioactive food cells by two
species of calanoid copepods was significantly reduced during ecxposure to
suspensions of fuller's earth, fine silicon dioxide, and natural Patuxent River
silt. With adequate knowledge of local conditions (life history, stages,
sediment types, sediment corcentrations, seasonal and resident species, duration
of exposure, and habitat preference) at estuarine sites selected for
ervironmental modification, our efforts provide baseline data for pre-project
decision making based upon concentration effects of different types of

suspended sediments.
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rever exceeded 0.55 of bottle volume (130 ml). Then, approximately

1.0 pCi Naxcl"o3 was injected into each bottle with e gas-tight syringe,
the btottles were stoppered and wrapping completed, in the case of the
darX bottles.

The rest of the procedure (incubation and isotope counting) was
identical with that of the saturation cuirve determinations, except for
the following:

1. Dark bottle counts (dark carbon fixation) were subtracted from

the average of the light bottle samples after background sub-

traction and quench correction.

2. Results are reported as net counts per minute assimilated per

1

ml per hour (cpm ml~ hr-l) during exposure to increasing

concentrations of 8102.
3. In addition, the reduction in carbon uptake (expressed ac %
of control) is reported at each concentration of 8102.
ITI. RESULTS AND INTFRFRZTATION
1. Saturation Curves
While it is clearly evident that the spectral quality of light is
sigrificant in studies of photosynthesis (see action spectra in Jitts et
al., 196L), there is no typical submarine spectral distribution because
of the intersctions of depth, light attenuating properties of sea water,
and the conditions of the sky. Light of wavelengths greater than 6500 X
or less than %000 £ may be completely missing in even moderately clear

cozstal waters (Jitts et al., 1964). Iio form of submarine light resembles

a3 hd.
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solids. This particular size distribution of SiOp particles is referred
to in this report as<15 um SiOp.

The natural sediments collected from the Patuxent River were analyzed

by a slightly rodified procedure from the above methcd. Preliminary work

showed that this material was approximetely 75 tc 807 salt and water by
weight. Appropriate triplicate volures of this natural material were

removed from the holding tanks. These volumes vere calculated to contain

tetween 5 and 10 g dry solids (inorganic). Also, these volumes were

corrected upward for the smount (weight) of orgenic matter present (see

rmethod of aralysis below). These quuntities of solids were placed into

large Pyrex beakers (one liter capacity) and an appropriate amount of
20% HpOp was 2dded to each beaker. The emount (volure) of Hp0o (30%)

needed to oxidize the orgenic natter present in the sediment was found

to be a volume vhich would produce = finzl concentration of HpOp in the

sediment volure of approximetely 5%. The oxidation reaction was quite

viclent initizlly. The reaction vas zllowed to proceed overnight in a

Lood with air bubbling slowly through the sediment-FpC» mixture to remove
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The next day, when ges evolution had ceased, 750 ml of deionized

1ss5-distilleld weter were added to eich besker. The sediment was resus-—

panied by stirring with « glass rod, #nd alloved to settle., The super-
rotant was decanted very curefwlly, snd anotheor 750 1l of deicnized

plass—-distilled wvater rinse were added® to each e ber,

A 0.2 nl sumple of supernatant water was thern taken Tron eszsl beaker
end the dissolved ion concenlretion o ezch solution was determined with



the freezing point depression osmometer normally used in our hematclo-
gical analyse=. Salt concentration was read from a standard curve relating
freezing point depression and osmolal concentration to NaCl concentration
in mg kg-l water. If the salt concentration was greater than 300 g NaCl
kg’l water, the suspension was allowed to settle, the clear supernztant
was decanted, and an additicnal rinse of 750 ml deionized distilled water
was added to each beaker. The sediment was resuspended and allowed to
settle. The clear supernatant was decanted and the beaker containing the
washed sediment made up to 500 ml with fresh, deionized glass-distilled
water was placed intc an ultrasonic bath (L5 KHz) for 30 min. Then, the
suspension wvas placed into a glass cylinder, made up to volume withk deion-
ized distilled water, and the analysis followed as described in AST (1968),
except that the dispersing agent (HahP207) vas not added.

Values are reported as percent by vweight remairirg in suspensicn
(% finer than) plotted against equivazlent spherical diareters accoriding

to Stokes' Law.

2. Organic !atter Cortent

Samples of the natural sediment collected from the Pati:eznt River at

Y,

. . a (e} . . .
Long Point were oven-dried for Z4 hr at 100 C, ground fine with a porcelain
- A0 e \ .
nortar and pestle, ané ached for 3 hr at 500°C., Crganic metter values are

reported as percent loss of dry weight on ignition. There was no &xpre-

cizble loss of inorganic cesrbenate ducing the ashing procedure as evidenced
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by non-significant weight losses sarples which vere ashed zlons

with the cven-dried natuzal sedincnts.
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3. Eeeavy Metals

frcunts of extractzble cetions in the mineral sclids and the natural
sediment samples were dctermin. @ with mild acid extraction and atomic
ebsorpiion zralysis by Mr. David Econ, Seafood Processing Laboratory,
Crisfield, Maryland. Routire proccdures for inorganically bound caticns
es described by Anon. (1971) end Anon. (1970) were conducted for Zn, Cu,
¥e, !'n, b, Co, Ki, Cr, and Cd. Mercury values reported are for total
nercury from sediments digested for one minute in toiling aqua regia
(Dow lzthod, CAS-AM-T70.13, June 22, 197C revised, Chlorine Institute,
Madiscn Avenue, KRew York, Iew York). Metal values are reported as nmg kg-l

dry weight of solids.

III. RESULTS AID DISCUSSICHN
1. Size Distributions
Periicle size distributions of the extiemely fine mineral sclids and
natural sedinent used in this preject arve rresented in ¥Fig. D-1 and Table
-1, Useful descriptions of these nmaterials ranked coarsest to finest by
redian size ere as follows: Silicen dioxids (Fisher No. 5-153), wmedian

size = 17 g, <2 pm = 673 Vydrite 1P, kuolinite (Georgia Keolin Co.),

medion size = 9.0 g, <2 pm o= 1205 Silicon dioxide (all purticles <15 un),

i

sire = 6.2 un, <2 un = 13%; Ivdrite Flat I'y kaolinite (Ceorgia Keolin
Co.), medlan size = L,5 pum, <2 pu = 3573 Patuzent River silt (conposite less

crgaric ra=tler fraction 11.5% of éry velight), median size =<0.8 pin, <2 pn =

3> A D
Tely Tuller's earth, rontmorillonite snd attapulgite (Pisher lio. P—?O),
5 ¢ ~ 3 ot - PR - % . A . - .
nedian glze = <C.5 pm, <2 un = 8271; Hydrite 1v, knolinite {(CGeoryia ¥aclin













































