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ABSTRACT
An in-situ sampler for collecting small samples of suspended sediment for microscopic
analysis bas been built and tested. The device rapidly freezes a thin layer of water entrapping
all of the suspended particles in it; when the sampler is recovered, the disc of ice is placed on
a suitable substrate and freeze-dried. The particles can then be examined in an undisturbed
state with a light microscope or with an electron microscope.

Introduction. A sample of suspended sediment to be analyzed microscopically
for size should be an undisturbed sample mounted on a substrate that is suitable for microscopic examination. The ideal sample is a single-particle layer,
with no particle touching another. If the particles are in contact or are piled
on top of one another it is impossible to assess the degree of agglomeration or
to determine the in-situ size distribution.
Suspended-sediment samples have been collected by means of in-situ filtering
devices ; but, more commonly, suspended particles are removed by shipboard
filtration from portions of water samples collected with water bottles. The
filtration procedure involves a number of operations, some of which may alter
the natural size distribution of the particles. From the time a water bottle
closes, the conditions for particle agglomeration are enhanced. Settling increases the concentration of the particles in the lower part of a sample, thereby
increasing the frequency of particle collisions and the chance for agglomeration.
I. Contribution 173 from the Chesapeake Bay In stitute of The Johns Hopkins University. The
development of this sampler was su pported by the Fish and Wildlife Administration of the State of
Maryland and by the Fish and Wildlife Service, Bureau of Sport Fisheries and Wildlife, Department of
the Interior, through Dingell-Johnson Funds, Project F-21-1.
Accepted for publication and submitted to press 14 February 1972.

269

270

[30,2

Journal of Marine R esearch

SOLENOID

2

0

FOAM CUSHION

@

O-RING ATTACHMENT

0

HOSE CLA MP

--..,.--r-r-DR Y-ICE CHIPS
IN ACETONE

RUBBER DIAPHRAGM

®
®
®

0

©

VENT
SOLENOID PLUNGER, ENERGIZED
SPRING
V ENT FOR RELEASING CO2 PRESSURE
SAMPLING

DISC (::::ll5mm

<p)

STAINLESS ST EEL THERMOS BOTTLE ( 16 OUNCE)

Figure

1.

T he Sampler.

The sample bottle, when recovered, must be agitated to produce a uniform
suspension. While the agi tation must be suffici ent to resuspend all of the particles and to produce a uni fo rm suspension, it must be gentle enough to prevent
the destructi on of naturally occurring agglomerates. While in-situ filtering
devices elimi nate, or at least diminish, these drawbacks, changes in the natural
particle-size distribution may also occur during the actual filtrati on process.
W eakly bound composite particles may be produced by agglomeration because
of the increase in particle concentration that occurs during filtration. On the
other hand, weakly bound agglomerates may be flattened and disrupted when
they impinge upon the filter, particularly if the filt ration is done under a high
vacuum.
T he ideal sampler would be an in-situ device that would rapidly and gently
remove or isolate all of the particles suspended in a thin layer of water. Then
the particle-particle interactions that occur during the sampling process would
be mini mized.
We have had success in collecting samples of suspended sediment fo r microscopic analysis with a sampler that rapidly freezes a thin layer of water,
entrapping all of its suspended particles. F ollowing recovery of the sampler,
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Scann ing elec tron micrographs of sa mples of suspended matter co llect ed in th e u pper
Chesapeake Bay wi t h t he sa mpler. All sampl es we re collec t ed, freeze -dri ed, and phot ographed on si lver- membrane filters. Note t he good preserva t ion of weak ly bound com posi t e part icles (agglomerates) and fragi le organisms. See also Fig. 3.

the di c of ice i placed on a sui tab le substrate an d freeze-dried. The part icles
can then be examined with a li ght mi croscope or w ith a n electro n mi croscope.

T he Sampler. The sampler (Fig. 1) co nsists of a stain less-steel 16-ou nce
thermos bottle, a stopper and rod asse mbly, and a solenoid trigge ring mecha nism for expo ing and cove rin g the sam ple suppo rt disc t hat is attached to the
exposed end of th e rod.
The thermo bottle is partiall y fi ll ed w ith a mi xture o f dry-i ce chips and
acetone. A thin metal di c, 1 0 -2 0 mm in diameter, is attac hed to the a luminum
rod with sil ico ne grease, and the rod is inserted into the bottle until th e stopper
is properl y seated. Th e stopper is ve nted to p revent CO 2 press ure from bu il din g
up in the bottl e. The tri gge rin g mechan ism and its supporting brac ket a re th en
attached to th e thermos bottle with a hose c lamp and adjusted so that th e retaini ng ring holds the ru bber stoppe r fir m ly in place. In this pos ition the ru bber
diap h rag m covers th e metal samplin g di c. T he ru bber diap h rag m is attached
with an 0 -r ing to a ve nted brass cap that is loosely co upled to the solenoid
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Fi gure 3. See F ig.

2

fo r legend.

plun ge r. The loose connecti on permits se lf ali gnment fo r sealin g. The rubber
di aph ragm is bac ked up with an open-cell urethane foa m pad that is saturated
with anti-freeze to prese rve the sealing properti es of the cap at rod-end temperatures. Since th e foam pad is fl ooded freely th ro ugh th e vents in th e cap,
its shape is preserved under press ure.
T he sampl er, wh en in use, is attached to a hydrographi c wire and lowered
to th e desired dept h. When th e solenoid is energized, th e rubber diaph ragm is
raised off th e meta l di sc, now at a temperature of abo ut - 70°C, and a thin
laye r o f water is ra pidly frozen. The solenoid is then de-energized, and the
rub be r di ap h ragm is re turn ed by the cantilever spring to cover th e ice and
preven t furth er freezing. Th e required sampling interval is only about two
seco nds.
A fter th e sampl er is recovered, th e ice a nd its bac k- up di sc are removed and
stored in o ne of a number of indi vidual c ups mac hin ed into a brass o r aluminum
plate. Th e metal plate rests in a t ray over a layer of dry ice at th e bottom of a
small ice chest.
Before th e sampl es to be examin ed in tra nsmitted light a re freeze-dri ed, the
metal support di scs are replaced wi th either Mi lli pore filters or w ith glass
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slides. Samples for scanning electron mi croscopy are ei ther left on the metal
discs or are transferred to N uclepore filters or glass cover slips. Membrane
filters are the most desirable supporting medium for samples collected in salt
or brackish water because the salts that remain after the freeze-drying may
have to be removed. If the samples are mounted on filters, the salts can be removed either by fl oating the membranes on distilled water or by gently flooding
the filters with a little distilled water and filtering it off under low vacuum.
Extensive examination of samples, with both a light microscope and a
scanning electron microscope, suggests that, with these techniques of collecting
and preparing a sample, the naturally occurring size distri bution of the particles is preserved. An unequivocal evaluation of the technique is, of course,
not possible, since there are no accepted standard methods of collecting samples
or performing a size analysis of fine-grained particles. Perhaps one of the best
indications that our techniques do not destroy the in-situ size distribution the
preservation of delicate organisms and weakly-bound composite particles (Figs.
2, 3). Although we were initially concerned that the freezing would disrupt
such particles, experience has shown that agglomerate particles collected in
this way are less disturbed than when they are collected by filtration. Another
indication that our methods do not destroy the in-situ size distribution of particles is fo und in comparing microscopic size analyses of samples that were
collected with our sampler with similar analyses of samples collected with an
in-situ filtering device. A t-test for a number of such pairs of samples failed
to show any significant differences at the o. I% level.
The sampler was designed for sampling well-mixed suspensions of finegrained silt and clay particles, such as those fo und in Chesapeake Bay and in
many other estuari es. T o avoid particle selection as a result of an "umbrella"
effect of the solenoid mechanism on particles with large settling velocities, the
sampler should be used only for populations of particles whose settling velociti es are small relative to the horizontal component of the water velocity.
In ou r sampling, the maximum settling velocities of the suspended particles
were at least three orders of magnitude smaller than the mean horizontal water
velocity.
The sampler is particularly useful in areas where the concentration of suspended sediment is relatively high-greater than about 3 mg/I. With very low
concentrations there are not eno ugh particles for meaningful analysis. The
number of particles can easi ly be increased by freez_ing a disc ~ith a larger
area, but the only way to increase the number of particles per _umt a:ea on ~he
supporting substrate is to increase the thickness of the layer of ice by 111cr~as111g
the sampling time. This is unde~irable, ho_wever, because the decrease 111 the
rate of freezing may lead to particle select10~.
._
The sampler can be used in either ~n upri ght or an 111verted pos1t1on. For
use in a horizontal position, the clamp111g arrangement m~st be changed. The
sampler has been used successfull y in a number of areas 111 Chesapeake Bay.

