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SAMPLING MARINE SEDIMENTS
FOR RADIONUCLIDE MONITORING

C. PAPUCCI
ENEA,
Marine Environment Research Centre,
La Spezia, Italy

Abstract

A description of the most common devices used for sampling marine sediments are reported. The
systems are compared to evidence their intrinsic usefulness, for collecting samples in different environmental
conditions or with different scientific objectives. Perturbations and artifacts introduced during the various steps
of the sampling procedure are also reviewed, and suggestions are proposed for obtaining and preserving, as
much as possible, the representativness of the sediment samples

13.1. INTRODUCTION

The process of collecting a representative marine sediment sample to study the
geochemistry of different pollutants is inherently difficult. The sampling involves the use of a
variety of instruments which fall into three basic categories: corers, grabs or snappers, and
dredges. Selection and use of the proper device will depend on the nature of the investigation,
the geotechnical characteristics of the surface sediments, the depth of water, and the shipboard
equipment available for lowering and retrieving the samplers.

13.2. CORERS

Cylindrical and box corers are used to remove a vertical tube of sediment in as
undisturbed state as possible.

Light weight bottom sampling devices which are operated by hand or small winch from
the water surface are the most commonly used instruments for sampling soft bottom sediments
of shallow seas, lakes and rivers. Large, heavy box or piston corers are often too cumbersome
and complicated to use. Recent trends in sedimentological procedures result in developing a
certain number of light weight coring devices, easy to handle and capable of taking
"undisturbed" surface sediment samples.

The typical coring device consists of interchangeable core tubes and an upper assembly.
The upper assembly provides support for the drive weights and the core tubes. These corers
essentially are driven into the sediment floor by gravity, and the sediment sample is retained in
the core tube. The length of core collected will be governed by the penetrability of the bottom,
the length of the corer itself, the amount of weight on the device, and the design of the corer.

A variety of coring devices have been developed, mainly distributed between the so-
called 'gravity' and 'piston' corers [1]. The functioning mechanism is more or less the same:
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Fig. 1. Principle of operation of gravity corers.
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Fig. 2. Principle of operation of piston corers.
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first, corer and trigger are lowered to the bottom. When the release mechanisms trips, the
specific gravity of the device is great enough to cause the corer to free fall rapidly through the
last meters and strike the bottom with enough force to penetrate the upper sediment layers
(FIG. 1-2). Many disturbances affect the representativity of the core. The most important
being:

core shortening (compression of the sediment layers, leading to a distortion of the
depositional record), and

loss of the surface flock layer, that will contain the most recently deposited material, due
to the shock-wave of the impact.

Obtaining representative samples with minimal undesirable disturbance is of prime
importance, especially in estuarine and nearshore studies. During the last few years there has
been a rapid increase in the number of investigations which have examined records of:

sedimentation processes, using radiometric dating techniques;

fluxes of metal and organic pollution;

mixing processes and biological activity

from the measured vertical distributions of chemical species preserved in layers of coastal
marine and lacustrine sediment.

Moreover, planning of simultaneous studies of sedimentology, chemistry/radiochemistry,
mineralogy, palaeontology and other relevant properties on core horizons has often been
limited by the amount of sample available. In the narrow mouthed corers most commonly
used, increased sample size can be obtained only by homogenisation of longer segments of
core, with consequent blurring of stratigraphic details. Only by increasing the area of the
column sampled can the sensitivity of the study of sediment horizons be improved. The
increasing demand on the quality and amount of bottom sediment have led to the design of a
large diameter coring device.

Taking into account all these criteria, a modified Reineck box corer has been
developed by ENEA. The original Reineck box sampler [2], sometimes called "spade corer",
consists of a removable steel box open at both ends and driven into sediment by weight (FIG.
3). The lower end of the box is closed by a shutter supported in a frame with a cutting arm
('spade') pivoted in such a way as to cause it to slide through the sediment and across the
lower mouth of the box. This device usually samples an area of 20x30 cm to a depth of 50 cm.
One big advantage of the box corer [3] is that the box can usually be removed with the sample
and its overlying water intact, allowing detailed investigations of the sediment surface. The
most significant modifications (FIG. 4) that have been introduced are:

- a broader based frame to minimise turbulence originating from the shock wave;

- improved gimbal joint, pivoting in all directions, to keep the core vertical in whatever
situation (descent, sampling, retrieving);

- upper surface of the core completely sealed by flaps that close during retrieval, to prevent
disturbances on the surface sediment, and

- cylindrical core liner, segmented in 1 cm rings, to facilitate slicing the core in well defined
horizons.
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Reineck box sampler. The rectangular coring tube is closed by a knife
edge actuated by pulling up on the lever on the left. (Redrawn from
Reineck, 1963.)

Fig. 3. Original design of the Reineck box sampler. Fig. 4. ENEA BOX-CORER (modified Reineck type).
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Fig. 5 Sampling sequence.
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Fig. 6. ENEA extruder.
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Fig. 7. Subsectioning phases.
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Fig. 8. VAV VEEN grab.

286



The frame of the corer is made of stainless steel (AISI 314L) with a core barrel 50 cm
long and 20 cm inside diameter (FIG.5). Using this relatively large diameter, the shortening of
sediment is negligible.

To section the core with as little disturbance as possible a new system of sectioning
and removing samples have been developed. Inside the coring tube a core liner is introdeced
that consists of 1 cm thick polypropylene rings which are held in place by stainless steel rings
fastened to the coring tube at each end (FIG. 6). The extruder is built with an immobile post
supporting a curved, circular steel sheet that just fits the curvature of the bottom of the core
and which then fits snugly inside the core barrel. The sediment are extruded when a mobile
clamp which attaches to the core barrel, carries it downward on a worm gear. After clamping
the core in place, the upper ring is removed and the bottom support ring is freed from the core
barrel permitting the sections to be extruded one at a time.

As each section is extruded, it is separated from the core by cutting the sediment with
nylon line. In order to minimise the contamination from overlying layers due to downtraining
of sediment along the wall of the liner, the outer 1 cm of the section is discharged, and the
slice is removed on a thin steel sheet. The method allows a retrieval of sample (100-200 g,
d.w.) enough for routine radioanalysis and for ancillary investigations (FIG. 7).

13.3. GRABS.

Another class of sediment samplers are grabs. Few of the grabs are designed to dig
much deeper than 15 cm, and in practice many take a maximum "bite" of 10 cm or less,
depending on the geotechnical properties of the bottom. If a grab is used as the prime means
of investigation, it would be advisable, at the early stage of the survey, to make comparative
sampling with a deeper-digging instrument, such as box corer.

In view of manifest deficiencies of so many bottom samplers, particularly as regards
penetration on "hard" deposits (sand, for instance), it is not possible to recommend any single
instrument as suitable for general use. Much will depend on such factors as type of sediment
to be sampled, size of ship and hoisting gear available, depth of water, and whether sampling
in sheltered waters or in the open sea.

Most of the grabs presently used are derived from the Petersen grab, developed in
1911. The most widely used device is the van Veen grab (FIG. 8), that generally covers a
sampling area of at least 0.2 m2. It consists of two buckets hinged together, which are held in
an open position during lowering. When on the bottom, the lowering rope slackens, allowing a
trigger to operate so that, on hauling up, the two buckets close together before the grab leaves
the bottom. The long arms attached to each bucket give a strong leverage for closing. The
arms also tend to prevent the grab being jerked off the bottom, should the ship roll as the grab
is closing. The van Veen grab has been adopted as the standard sampler for benthic
investigations by many institutions.

Another grab generally used is the Shipek sediment sampler (FIG. 9). It consists of a
frame supporting a semi-circular scoop activated by powerful springs. Covering an area of less
then 0.1 m2, this instrument is rather small for macrofauna investigations. Nevertheless,
because of the self-activated and self-powered system, this device can be used also in bad
weather conditions for collecting surficial sediments when other systems are too dangerous to
be used.
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Fig. 9. SHIPEK grab.

Differentiation between grabs and dredges is based on time: the dredge is towed,
whereas the grab makes a swift attack at the bottom. Each type captures a sample and
generally holds it by closure of a cover. Due to poor efficiency in collecting sediment samples,
it is not ideal for use in radionuclide analyses.

13.4. FACTORS INFLUENCING THE SEDIMENTARY RECORD

Collecting a "truly" representative sample of marine sediment is a difficult task. Under
even the best of circumstances,

some shortening of sediment can occur;

rough sea conditions and the difficulty of handling heavy sampling gear can result in
physical shock that can disturb the sample during collection and as it comes aboard.

the problem can be compounded if the core is stored and sectioned later;

if the core is frozen, changing concentration gradients and physical stress can lead to
post collection migration of pollutants and consequently to a distorted view of pollutants
profiles in the sediment column.
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moreover, downtraining of sediment from overlying layers can change the distribution in
the core;

insufficiently close sectioning can result in loss of information about the depositional
history.

These problems need to be minimised in geochemical studies because even the most
careful analytical work cannot produce an understanding of geochemical processes if the core
itself is not representative of prevailing environmental conditions. Furthermore, because of the
high cost of shiptime, when sampling in deep water, it is of capital importance to use reliable
devices to collect representative sediment samples with a fast, "one-shot" operation.

Recent trends in developing tools with these characteristics allow for obtaining a well-
preserved sample, considered as satisfactorily "undisturbed". As a matter of fact, the change in
environment introduced by sampling is such that one can never speak of a truly undisturbed
sample. In the best case, such a sample can be collected in an operation in which disturbances
have been reduced to the greatest possible extent, in order to satisfy the purpose of a
particular analysis. This purpose may vary widely according to the final data needed, so the
meaning of an undisturbed sample is quite different for a biologist than for a sedimentologist,
or for a civil engineer. So we will speak here of an undisturbed sample as a sample whose
properties are as well preserved as possible for the most extensive analytic purposes.

13.4.1. Disturbances during coring

The hydraulic shock wave created in front of the orifice will blow away and laterally
disperse the surficial flocculent layer of deposit before the sediment sampler has reached
the surface. Disturbances might be at least partially eliminated improving the design of
the coring tool using for instance a wider supporting frame to reduce the "bow-wave"
effect of the device, or modifying the leg ends.

Compared with other types of samplers, corers with open barrel have several
advantages. They are easy to operate, sampling is most often successful, and the original
lamination is most often apparently intact. However, a well known problem is that the
core collected is often shorter than the length of penetration of the corer (shortening
effect). Core shortening refers to the difference between the tube penetration and the
length of the core inside the sampler tube after penetration, but before retrieval from the
sediment.

The shortening is caused by friction between the sediment and the liner of the corer
whereby the partially filled corer begins to exercise pressure just below the mouth of the tube.
This pressure results in downbending and stretching of the layers until they are finally cut and
enter the corer. Each layer will thus be represented, but will be thinner than in the original
position. Compression of the sediment and loss of water content has been suggested as being a
possible mechanism responsible for the disturbance in deeper layers. In the surficial layer,
which is flocculent, extremely soft and with a very high water content, the friction is generally
low. Further down, the sediment becomes gradually more cohesive and compact. The friction
against the inner wall also gradually increases. Since this friction is relatively greater in a
narrower coring tube compared to a wider one, the resulting shortening is minimised by using
devices with a wide mouth.
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Fig. 10. Sediment core shortening : soft sediments.

SHORTENING

%

50

4 0

30

20

ESOPE'cruise. 1986

Southern NARES Abyssal Plain

Porosity 0 65 - 0 70

0 2 4 6 8 10 12 14 16 18 20

» CORE a, cm

Shortening of SNAP sediment samples as a function
of the inner diameter of the coring tube.
(From Papucci and Delfanti, 1989.)

Fig. 11. Shortening as a function of inner diameter.
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BA

AP - Aphroditid polychaete
B A - Burrowing anemone
CP - Capitellidpolychaete
CS - Callianassid shrimp
CU - Cumacean
EC - Echiurid
HU - Heart urchin
OP - Ophiurid
PP - Pectinarid polychaete

Fig. 13. BIOTURBATION. Example of burrowing disturbances.
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FIG. 10 shows the amount of shortening as a function of different diameter of the core
used. As you can see, the shortening effect sharply decreases when large tubes are employed [
4]. The same trend was observed during the 'ESOPE' cruise in 1986, when different
subsamples were taken from a giant box-core of 0.5 ml. In this case, the total shortening was
as high as 50%, when using a 7 cm diameter tube [5]. Negligible shortening was observed
when sub-sampling with a 20 cm core tube (FIG. 11).

When the coring tube reaches a depth where the relation between the wall friction and
the aperture area of the tube becomes critical, the sediment core begins to act partly as a
plough and core shortening starts. The ploughing tendency decreases strongly and non-linearly
with increasing tube size, i.e. decreasing drag resistance. Upon reaching stiffer and more
consolidated deeper layers, the degree of further shortening declines, due to more efficient
cutting. Variations in sediment stratification and geotechnical inhomogeneities within the
vertical profiles can, of course, cause alterations in the amount of shortening. Substances
which occur in different concentrations in the stiffer and softer layers may have their
concentration changed. FIG. 12 reports the differences of the shortening disturbances in soft
sediments and in stiffer layers, as a function of the inner diameter of the core tubes. Shortening
is, obviously, more effective on soft sediment.

Furthermore, when free-fall devices are used, the final amount of sediment core
shortening is found to be highly dependent on the settling velocity of the instrument. Increased
height fall and velocity considerably increased the recorded core shortening, leading to a
distortion in geochemical vertical profiles. In the same figure is shown the very large
distortions in depth distribution of manganese (A), Carbon (B) and frustules of Asterionella
(C), in cores collected using piston corer and gravity corer. Shortening and consequent
distortion are as high as 50 %[6].

13.4.2. Bioturbation

Most of the bioturbation processes that occur near the sediment/water interface are
caused by deposit feeders, which rework the sediment as they ingest its edible organic matter.
The intensity of the bioturbation processes is affected by the living habits of different kinds of
organisms: clams, worms, Crustacea, echinoderms and coelenterates. For example, many of the
Crustacea burrow into the sediment for safety while others, such as the anemone, anchor
themselves in the sediment as they feed on suspended material in the water column (FIG. 13).
As a result of these processes (particle reworking, intrusion of oxygenated water from the
surface to deeper layers), a well-mixed layer is formed [7]. In this layer, the
sedimentary/contamination record is completely homogenised.

13.4.3. Post-collection artifacts

A variety of causes can disturb the collection of a well- representative sample. During
ascents, leaks in the coring barrel, particularly from improper sealing, can cause sample
washout. When sampling in the deep sea, the pressure decrease in a sample on return to the
surface also provokes textural disturbances because of compressibility differences between the
interstitial water and the sediment particles. During the retrieval operations at the surface,
shocks due to poor handling or to tilting winches can cause surface resuspension and washout.
Furthermore, during the sectioning operations, downtraining of sediment from overlying layers
can alter the vertical concentrations of contaminants. As an acceptable compromise, it is
suggest to discharge the outer part of the subsample when sectioning the core.
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Vertical distortion of sediment layers due to freezing in a commercial Freezer,
in Dry Ice and Acetone, and in Liquid Nitrogen. (Redrawn from Rutledge
and Fleeger, 1988.)

Fig. 14. Effect of freezing on sediment horizons .

Moreover, great attention must be paid to avoiding storage of the whole core in
improper conditions, such as freezing. Freezing the core for later sectioning, in fact, cause a
tremendous distortion in the laminated sediment. FIG. 14 shows the large extent of such a
distortion at different freezing temperatures [8]

13.5. CONCLUSIONS

Development of the design of a proper, reliable instrument allowing the sampling of
representative cores with minimal undesirable disturbance remains a crucial need. As an
example, the table on FIG. 15 reports the main characteristics of the most commonly used
corers. The lower the number of parameters, the better the corer behaves.

In conclusion, the author is in full agreement with the Cheshire cat (Lewis Carrol, "Alice
in wonderland", FIG. 16), that the way you have to follow 'depends a good deal on where you
want to get to1. Thus: 1) identify your target and 2) then select the way to achieve it.
Otherwise you might find yourself rather distant from your original aim.

In summary:

if collecting bulk sediment is needed for having a general idea of concentration of
contaminants, the use of simple grabs (Shipek, snappers, van Veen) is appropriate;
but when vertical profiles of contaminants are investigated in the very top layers of
sediments (for the determination of mixing rates and depths, amount of sediment
accretion, inventories of contaminants, i.e. total amount per surface unit), more
sophisticate devices, like box-corers, must be employed;
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L maximum sampling length
D, inside diameter of the barrel
D, outside diameter of the barrel
Dw outside diameter of the cutter
Dc inside diameter of the cutter
a cutter angle

Inside clearance: Ct = 100

0 to 0.5 for very short corers or corers
provided with core-conveyor
0 75 to 1.5 for current corers.

0w-0,
Outside clearance: Co = 100

Ox
0 for cohesionless sediments
<2 or 3 for cohesive sediments (if more,
the cutter must be verry sharp).

Area ratio Ca = -
O . 2 - D t

2

-100

<10, if possible, (unless corer provided
with stationary piston and sharp cutter)

Safe length-width ratio: C, = —

<1O in dense to loose cohesionless
sediments
<20 in stiff to very soft cohesive
sediments

Cutter Sharpness:
a<10° and preferablya= 5°

Type of Corer Stabilization

SIO Current Gravity Corer

SIO Gravity Corer
(spring valve)

USHO Hydroplastic
(Richards and Keller)

13.0 2 1 0 125.0

16 15.7 97.0 < 4 0

16 134 56 8 <26 Shroud

USNEL Hydroplastic
(with spring valve)

Hydroplastic 10.7 cm ID
(Richards)

Hydroplastic 15cm ID
(McManus)

SIO Current Piston Corer

US Navoceano Piston Corer

TPR-51 (Udintsev and others)

LAMONT Ewing-Ludas Piston
Corer

SACLANTCEM Piston Corer
(Kemiabon and others)

KASTENLOT (Kogler)

SIO-USNEL Long-Box Corer

SIO-USNEL Large Corer
(under construction)

USNEL Spade Corer (modified
Reineck Kastengreifer*

ENEA box Corer
(modified Reineck Corer)

12

0

1.4

18.8

1.3

4 0

5.3

0.8

0 6

0 9

-1 0

0

0

5.5

0

3.5

15.7

16.4

3 3 0

182

5 1

7 7

2 8

- 6 0

0

0

33 0

14.1

31 6

175.6

100.5

1722

87 2

44 0

22 4

14 3

-35 0

2 7

2 3

< 2 6

< 28

< 40

<120

< 8 0

<150
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<100

< 40

< 10
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< 3

< 2
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Fig. 15. Recommended characteristics for a core barrel.

295



"Cheshire - Puss ' she began "Would you tell me"

please, which way I ought to go from here?"

That depends a good deal on where you want to get to"

said the Cat

I don t much care where * said Alice

Then it doesn t matter which way you go " said the Cat

(After L CARROL Alice in wonderland" 1865)

FIRST IDENTIFY YOUR TARGET

THEN YOU CAN CHOOSE THE WAY TO ACHIEVE IT

Fig. 16.

in order to preserve the stratigraphic record, an on-board extrusion of sediment with a
good resolution is also needed; 1 cm slicing is recommended;
and finally, one must remember that often the environmental variability largely affects
the representativeness of the sample.
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