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Abstract

A method is described to prepare laboratory models of marine snow flocks using textile fibers to facilitate

settling and mass transfer experiments under hydrodynamically well-defined conditions. A simple and effec-

tive roll-agglomeration process is introduced to fabricate macro-scale (up to centimeter-size) fiber particles,

with predefined porosity, permeability, and excess density. Hydrodynamic similarity with natural marine

snow aggregates was confirmed by measurements of porosity, permeability and settling velocity measure-

ments. The assessment is completed by an analysis of the performance of the fabrication method. The fiber

particles generated via this method can be used to advance our understanding of the hydrodynamics under-

lying settling dynamics and the associated mass transfer.

Marine snow flocks are aggregates of mostly biogenic ori-

gin which are>0.5 mm in size and have porosities u often

exceeding 95% (Turner 2002). Downward transport in the

ocean is largely governed by marine snow settling. Due to

their high concentration of organic matter, marine snow

flocks constitute hotspots of microbial activity and metabolic

turnover (Azam and Long 2001; Kiørboe et al. 2001). During

their descent a complex exchange process between intersti-

tial and ambient fluid occurs, affecting both local trophody-

namics and large-scale mass transport (Kiørboe et al. 2002;

Ploug and Passow 2007; De La Rocha and Passow 2007;

Ploug et al. 2008; Kindler et al. 2010). To elucidate the fun-

damental hydrodynamics of mass transport by marine snow,

simplified test aggregates are needed for laboratory experi-

ments under well-defined hydrodynamic conditions.

Previously, spherical hydrogel particles (Kiørboe et al. 2002;

Kindler et al. 2010) and fractal aggregates of coagulated micro-

spheres (Johnson et al. 1996) have been used as models of

marine snow to study the effects of microbial activity on mass

transport. Fractal aggregates with inhomogeneous shapes and

porosities lead to complex hydrodynamics and cumbersome

experimental investigations. In case of hydrogel spheres, the

very small pore size (Oð0:121 nm Þ (Pernodet et al. 1997))

inhibits microorganisms from colonising the internal struc-

ture, restricting microbial activity to the sphere surface.

Here, we report an inexpensive method to fabricate spheri-

cal porous fiber particles that mimic marine snow in a size

range suitable for micro-scale, high-fidelity measurement tech-

niques. We utilize synthetic textile fibers, easily available in a

large range of finenesses, to form porous particles with prede-

fined porosities u, and permeabilities k. Three-dimensional,

random assemblies of uniform fibers compose homogeneous

porous structures, the permeability of which can be estimated

by reference to random fiber webs (Koponen et al. 1998) as
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where af is the fiber radius. Solute distribution measurements

in and around natural aggregates suggest that marine snow

is nearly impermeable to flow (Li et al. 2003; Ploug and Pas-

sow 2007). Since Eq. 1 is solely a function of porosity and

fiber radius, the permeability of the test aggregates can be

tuned by the fineness of the fibers to investigate the influ-

ence of finite perfusion on mass exchange.

Hydrodynamic similarity requires reproducing the natural

flow field and maintaining the relative importance of the dif-

ferent transport processes, namely diffusion and advection

within and in the vicinity of the particle. The flow field is

characterized by the ratio of inertial to viscous forces,

expressed as the Reynolds number Re 5 au=m where a is the

sphere radius, u the velocity, and m the kinematic viscosity.

Natural settling in the ocean fall in the range 0:1 � Re � 10*Correspondence: akhalili@mpi-bremen.de
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depending on composition and size of the aggregates (All-

dredge and Gotschalk 1988; Ploug et al. 2008). The settling

velocity of a solid sphere follows from the balance of buoy-

ancy and drag forces, yielding (White 2005):
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where g is the acceleration due to gravity, q the fluid density,

CD the drag coefficient, and Dq the excess density

Dq5ð12/Þqf1ð/21Þq (3)

with qf denoting the density of the fibers. The drag coeffi-

cient is in general a function of the Reynolds number and

can be approximated by the empirical relation (White 2005)
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which is highly accurate in the range of Reynolds numbers

of interest.

Particle permeability alters the front-aft pressure differ-

ence, consequently the drag, which can be accounted for by

a correction to the solid sphere settling velocity. Assuming

Darcy–Brinkmann flow in the interior, the settling velocity

can be expressed as (Neale et al. 1973; Li et al. 2003)

u
p
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where n5a=
ffiffiffi
k
p

is the permeability factor. The impact of per-

meation on the flow field can be estimated by the ratio of

the internal and incident flow velocities, referred to as the

fluid collection efficiency (Wiesner 1993; Li et al. 2003)

g5
9ðn2tanhnÞ

2n313ðn2tanhnÞ
: (6)

Strictly speaking, Eqs. 5 and 6 are restricted to creeping

flow (Re� 1) when g is large. However, these relations are

known to apply up to Reynolds number Oð1Þ (Li et al. 2003).

Using Eqs. 5 and 6, the flow field in and around a porous

particle is completely defined by the set of a, /, af , and Dq, i.e.,

by the particle size, the fiber type, and the fluid properties. Sup-

plemented with the ratio of diffusion and viscous time scales

given by the Schmidt number Sc 5 m=D where D is the diffusion

coefficient, the relative importance of diffusion and advection

can be estimated as the Pecl�et number Pe 5 Re Sc. The target

design is characterized by advection dominated transport at the

sphere’s surface (Pe 5 au
p
T=D > Oð1Þ) and diffusion dominated

transport inside the porous matrix (Pei 5 agu
p
T=D < Oð1Þ, with

the average permeation velocity gu
p
T).

Porous particle fabrication

Fibers

We used the synthetic fibers polyester (PES), lyocell

(LYO), and polyamide (PA) to fabricate model aggregates.

Synthetic fibers feature homogeneous circular cross sections.

The fineness T is usually specified in weight per length 1

tex 5 1 g km21. From this, the fiber radius is calculated as

af5
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where qf the density of the fibers is taken from the manufac-

turer’s data (Table 1). During manufacturing of fiber par-

ticles, relative humidity and temperature of the laboratory

were held constant at 65% and 208C, respectively. The

resulting fiber particles were stored in the test liquid.

Roll-agglomeration

Spherical porous particles were generated from fibers

using a modified roll-agglomeration process that was origi-

nally developed for the textile industry (Ay et al. 2005).

Agglomerates were formed in air by adding loose fibers

(approx. 300 mg) into a stationary chamber (stator) with a

rotating top (rotor) in a process equivalent to fulling (Hilde-

brandt 2009). The rotor was driven electrically at 400 rpm.

Stator and rotor were 6 cm in diameter and coated with

abrasive paper with a grit of 60 to enhance fiber entrainment

(compare Fig. 1). The stator was manually drawn close to the

rotor while the fiber agglomerates built up until a spherical

shape was achieved.

Table 1. Properties and process characteristics for model particles from polyester (PES), lyocell (LYO), and polyamide (PA). Perme-
ability was measured at a porosity of u 5 0.95, except for PA43 (u 5 0.9). Stator depth h for stator type A was 12 mm for the finer,
and 20 mm for the coarser PA fibers.

Material

T

(tex)

af

(lm)

qf

(kg m23)

Stator

type

a

(mm) U e k=a2
f

PES 0.22 7 1390 B 6.8(2) 0.972(8) 0.38(8) 12(3)

LYO 0.33 8 1540 B 7.4(5) 0.959(9) 0.44(9) –

PES 0.44 10 1390 B 8.1(6) 0.967(7) 0.44(7) –

PA 1.70 22 1140 A 8.6(2) 0.950(5) 0.40(7) 8(3)

PA 6.60 43 1140 A 13.2(5) 0.959(5) 0.36(4) 2(0)

D€orgens et al. A laboratory model of marine snow

665



In the present study, we seek to generate porous particles

to cover different porosities and permeabilities. For this pur-

pose, a wide range of fiber diameters were examined.

Depending on the fineness of the fibers and the target size of

the agglomerate two different rotor-stator arrangements were

distinguished. The rotor can be positioned either concentri-

cally (Fig. 1A) or eccentrically (Fig. 1B) above the stator. It

was found that concentric rotation—similar to the design of

Ay et al. (2005)—was suitable only for coarse fibers while

eccentric rotation was more adequate for fine fibers. To avoid

lateral escape of coarse fibers a rectangular stator was used

instead of a concave one (Table 1). Once a particle was pro-

duced it was wetted slightly and underwent a second round

of roll-agglomeration with an abrasive paper of larger grit

(240).

Particle characterization

Eccentricity, sphericity and internal structure

To evaluate the performance and reproducibility of the

porous particles, we analysed the eccentricity, equivalent

radius, and microstructure. The shapes of the particles were

quantified by images taken from three different angles

against a dark background using a single lense reflex camera

(D90, Nikon) and a 90 mm macro lens (focal ratio 2:8, Tam-

ron) (Fig. 2A). The images were binarised and a pixel-

connectivity algorithm was used to trace the boundary of

the particle. Boundaries were approximated by ellipses, the

principal axes (b, c) of which were averaged to deduce the

mean eccentricity

e5
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and the equivalent hydrodynamic radius a 5 ðb1cÞ=2. Image

processing was done in MATLAB (MathWorks).

Five sample series of nominally similar particles featured

eccentricities of 0:4, equivalent to differences of the princi-

pal axes of up to 10%, which was considered satisfactory

conformance with the required spherical shape (Fig. 3). Parti-

cle radii varied between 6:5 mm and 14:0 mm and fell into

the range of large-scale marine aggregates. The statistically

significant trend of increasing sphere radius with increasing

fiber radius (c 5 0:98, p < 0:05, Pearson Correlation), can be

associated with the larger flexural rigidity of thicker fibers.

Eccentricity and equivalent radii were normally distributed

and standard deviations were smaller then 1 mm, ensuring

sufficient reproducibility of the process over the range of

fiber radii considered.

The internal structure, i.e., the porous matrix, was charac-

terized by casting representative agglomerates in OCT

(Sakura, Tissue Tek) before sectioning them with an HM

505E microtome (Microm), with slice thicknesses comparable

to fiber radii. Images of slices were binarised and the particle

cross section was determined from the areal fiber density

within the interrogation window (grey shaded Fig. 2). A two-

dimensional closing algorithm was used to identify the cross

sectional area and the boundary was approximated by least-

square fitting to an ellipse (black lines in Fig. 2D,G).

Porosity was deduced from the thin slices as the ratio of

fiber area to total cross sectional area. The values ranged

from 0:92 to 0:96 (PES 7) and 0:93 to 0:95 (PA 43). Fibers

appeared evenly distributed over the cross section with some

loose fibers sticking out of the particles’ boundary (Fig. 2).

No predominant voids or fiber alignment in the circumferen-

tial direction were observed.

The internal structure was characterized by the azimu-

thally averaged structure function S, the square of the modu-

lus of the spatial Fourier transform of the binarised thin

section image. As apparent from Fig. 4, a single characteristic

pore size cannot be identified from the wave number spectra

(wave numbers k were scaled by fiber radii 2af to alleviate

the comparison of different fineness). However, the two dif-

ferent power-law regions of the spectra can be associated

with the spectral components of the pores and that of the

fibers, respectively. The intersection of the two suggests

effective pore sizes to exceed 7af , corresponding to O(10 lm)

Fig. 1. (A) Roll-agglomeration setup with a concentric rotor design. The stator diameter is l 5 44 mm and depth h is varied depending on the fiber
radius (Table 1). (B) Roll-agglomeration setup with a eccentric rotor design. The axis of rotation is 21 mm off-centre. The stator diameter and depth

are l 5 60 mm and h 5 7.9 mm.
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to O(100 lm) for the finest to coarsest fibers used. Note that

the fiber diameter itself appeared as a slight spike at the nor-

malised wave number 2kaf 5 1 at the upper limit of the

spectra.

Porosity was also determined from the volume fraction of

fibers. Particle volumes were estimated as V 5 4=3ðpa3Þ and

the (solid) fiber volume was calculated from fiber mass con-

tent and fiber density. Porosities varied between 0:93 and

0:97 with little fluctuation in individual batches (Fig. 2A),

representing typical porosities for marine particles.

Permeability

The permeability was measured at porosities ranging from

/50:8 to 0:95. A constant flow permeameter consisting of a

cylindrical test chamber (30 mm, 40 mm, 50 mm and

70 mm in length and 25.8 mm in diameter d) and a syringe

pump (LA-100, Landgraf Laborsysteme, Langenhagen, Ger-

many) was used. Purified water (Milli-Q, Millipore) was cho-

sen as test liquid (Dullien 1992).

The test chamber was fitted with an inlet and outlet of

equal diameter and 5d in length, where the fiber sample was

Fig. 2. Appearance and microstructure of porous particles. (A) Sample PES7 particle with dashed lines indicating the positions of the microtome sam-

ples, acquired at r/a 5 0.75, 0.5, and 0. (B–G) Thin sections showing the fiber distribution (black) and the estimated cross–sectional area (grey shad-
ing) for PES7 (B–D, ar 5 0 5 7.9 mm) and PA43 (E–G, ar 5 0 5 14.6 mm). Scaling of all panels correspond to 5 mm. Dashed lines in D and G depict
elliptical approximations of the particle boundary, whereas the solid line indicates the circle equivalent radius.

Fig. 3. Porosity (A), radius (B), and eccentricity (C) of model particles made of PES, LYO, and PA of various fiber radii (N�10).

D€orgens et al. A laboratory model of marine snow
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held in place by meshes with pore diameters of 700 lm.

Laminarity of the flow was ensured by pipe Reynolds num-

bers Red 5 du=m well below O(1000), where u 5 qpd2=4. Meas-

uring the pressure loss rp 5 ðpin2poutÞ=L over the fiber

length L of the sample, the permeability was calculated from

Darcy’s law (Bear 1972)

2
l
k

u5rp (9)

where l is the dynamic viscosity of the test fluid.

Batches PES 7, PA 22, and PA 43 were examined, spanning

a wide range of fiber radii (Fig. 5). Permeability increased

with increasing porosity, which is consistent with greater

voidage yielding larger pores, allowing fluid flow through

the porous matrix. Permeabilities were compared to a model

assuming 3-D randomly packed rods by Jackson and James

(1986).

k
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Measured values for PES 7, PA 22, and PA 43 are in good

agreement with models (Eqs. 1 and 10), with deviations

increasing for finer fibers and larger porosities. The devia-

tions from the models can be associated with varying,

fineness-dependent mechanical properties of the fibers. The

finer the fiber, the lesser its flexural stiffness, and the lower

the volume fraction of fibers, the more susceptible the struc-

ture is to mechanical disruption and viscous forcing by the

flow. Hence, internal re-organisation or re-alignment of

fibers (Dullien 1992) might occur at large porosities as less

robust fiber webs are prone to forming fractures or macro

channels which increase permeability. The maximum perme-

ability in absence of macro channels can be estimated as the

permeability of a structure with the flow normal to fibers in

parallel alignment (Jackson and James 1986)
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which we include in Fig. 5 as the theoretical upper limit. We

note that, in all cases, the permeability of the fiber particles

was sufficiently small to ensure diffusion-dominated mass

transfer between interstitial and ambient fluid.

Settling velocity

Settling experiments were performed in a 38 cm tall tank

with a square base of 22.4 3 22.4 cm2. Two 150 W halogen

lamps were used for illumination from the sides of the tank.

The tank was filled to a depth of 36 cm with aqueous glyc-

erol mixtures (Fauth technical glycerol), where the density

and viscosity were used to control Re. Two different mixtures

with q 5 1133kg m23 and 1248 kg m23 (m 5 6:0 � 1026m2 s21

and 4:1 � 1024m2 s21 (Cheng 2008)) were used (Table 1). To

avoid residual flow, the tank was left to stand for 24 h prior

to measurements. Particles were centrifuged at 3000 rpm in

the same fluid as in the settling column for 5 min and

released into the column via a cone to avoid lateral move-

ments or rotations. The centrifugation itself did not alter the

radius or other particle characteristics.

Fig. 4. Azimuthally averaged structure function S of the intensity image
of the central thin section of particles PES7 and PA43 (Fig. 2D,G) vs.
scaled wave number 2kaf. The intersection of the successive power-law

trends 2kaf 5 0.27 and 0.28, respectively, indicate effective pore sizes
larger than 7af.

Fig. 5. Non-dimensional permeability k=a2
f as a function of porosity u.

Solid lines depict theoretical slopes for random fiber webs (Eq. 1), ran-

domly packed fibers (Eq. 10), and flow normal to parallel fibers (Eq. 11).
The latter defines the upper permeability limit for particles considered

here.
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To measure settling velocities, particles were imaged at 10

Hz using a pco.1600 camera (PCO) fitted with a F-S Nikkor

zoom lens (Nikon, f 516 to 88 mm, f #53:5 to 22) positioned

20 cm in front of the tank. The field of view was 10 3 5 cm2

and the resolution was 270 lm px21. The intensity image I was

normalised ~I5ðI2IrefÞ=Iref by the undisturbed background Iref.

Subsequently, the largest connected white area was dissected by

tracing the boundaries, where the centre of the particle was

identified with the centre of gravity of an ellipse fitted to the

boundary. Finally, the sinking velocity was calculated from the

displacement using a five-point central difference scheme, cor-

rected for wall effects (Clift et al. 2005), and averaged over ten

experiments. Image processing was done in MATLAB.

Settling velocities for fiber particles were in the range of 3

3 1023 m s21 to 1 3 1022 m s21, falling into the same range

as natural marine aggregates (Ploug et al. 2008). A compari-

son of the settling velocities with those estimated from Eq. 5

has been shown in Fig. 6. As can be seen, the measured val-

ues scatter slightly, approximately 10% above the theoretical

ones. Only particles from PA 43 fibers had noticeably higher

sinking velocities. Due to the relative strength of the PA 43

fibers, their surface appeared fuzzy (Figs. 2E–G, 3B). In addi-

tion, they contained fewer individual, but thicker and more

rigid fibers resulting in larger inhomogeneity (Fig. 2G). This

level of uncertainty can mainly be attributed to deviations

in size and sphericity of individual aggregates.

Fluid collection efficiency

The fluid collection efficiency g was calculated from Eq.

6 using the experimentally obtained permeabilities. For a

porosity of /50:95, g was found to range from 0:6ð1Þ31024

to 2:0ð7Þ3 1024 for PES 7 and PA 22 respectively. Fluid col-

lection efficiencies were slightly lower for / 5 0:9, spanning

from 1:0ð1Þ3 1024 for PA 43 to 0:2ð6Þ31024 for PES 7

(Table 2). All fluid collection efficiencies were sufficiently

small to neglect permeation effects on the settling behav-

iour and the flow field.

Discussion

Hydrodynamic similarity

The key demands of the target design (i.e., size, sphericity,

porosity, and permeability) were all met by the resulting fiber

particles. The fabrication procedure was found to be highly

reproducible, providing good uniformity and sphericity of par-

ticles (diameters ranging from 6.8 mm to 13.2 mm). The parti-

cle geometry turned out to be largely limited by the quality or

smoothness of the fiber surface. Coarser and more rigid fibers

stuck to the abrasive paper hindering the control of particle

sizes, thereby, limiting settling velocity predictions (Eq. 5).

For all fiber types, porosities of /50:95 were achieved. Max-

imum porosities were limited by the structural integrity and

the associated interstitial homogeneity, both of which are

related to the fiber fineness and bending stiffness. The best

results were achieved for the finest fibers available, both in

terms of maximising porosity and optimising homogeneity.

A key feature of the fiber particles is their very low perme-

ability at effective pore sizes much larger than the characteris-

tic size of microbial organisms. Porous particles composed of

finest fibers have proven to provide low permeabilities which

lie in the range of those of natural aggregates. The internal

structure can readily be approximated as a homogeneous, ran-

dom fiber web which is particularly simple to characterize and

model. However, natural aggregates usually show heterogene-

ous structures, and as such they are bound to have physical

properties that vary from point to point. For example, aggre-

gates have also been found to be fractal-like when formed by

sequential coagulation (Li and Logan 2001; Chellam and

Wiesner, 1993). Diatom aggregates have been found to vary in

porosity over time (Ploug et al. 2008). Porous particles also dif-

fer from natural aggregates in two other respects, being the

surface shape and the interconnectivity of the voids. Due to

these differences the flow around and through a porous parti-

cle might differ from the same for natural aggregates. While a

porous particle might provide a constant resistance to a

throughflow, natural aggregates provide varyiing resistance

due to their heterogenous structure. Consequently, the sinking

behaviour, sinking speed and nutrition availability of natural

aggregates and porous particles might deviate from each other.

As far as porous particles with variable porosity and permeabil-

ity are concerned the roll-agglomeration process can also be

altered in a way to generate them (see “Comments and recom-

mendations” section).

In contrast to agarose spheres, a common laboratory sur-

rogate for marine snow (Kiørboe et al. 2002; Kindler et al.

Fig. 6. Averaged, non-dimensional settling velocities of porous fiber
particles at Reynolds numbers ranging from 0.6 (PES10) to 7.1 (PA22).

Measured velocities were scaled by uT (Eq. 5) with error bars indicating
standard deviations (N 5 10).
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2010), not only the surface area but also the particle’s whole

porous matrix is available for colonisation, paving the way

to respiration and turnover experiments.

Effective pore sizes of approximately 7af (for the finest

fibers) and high porosities ensure that tortuosity effects are

negligible (Bear 1972). Then, interstitial diffusive transport of

all relevant substances can readily be approximated as free dif-

fusion. The web-like microstructure will also facilitate intru-

sive measurements of dissolved gases (e.g., oxygen) inside the

particles. Thus, traditional experimental methods such as

oxygen-microsensor measurements frequently used on natural

marine aggregates (Ploug et al. 2002; Ploug and Passow 2007;

Ploug et al. 2008) can directly be conveyed to fiber particles.

Since the permeability measurements were performed on

bundles of fibers and not on the generated porous particle

themselves, some uncertainties may exist. Nonetheless, those

uncertainties can be assumed to be insignificant, since the

fluid collection efficiencies obtained from the permeability

measurements were vanishingly small. Similar to natural

marine snow, the porous particles were effectively imperme-

able to flow. Hence, mass transport or solute exchange

between the interstitial and the ambient fluid can be

assumed to be diffusion dominated.

Solute transport

As outlined above, the relative impact of diffusion on

mass transfer is given by the Pecl�et number. Assuming

Sc 5 700, representative of dissolved gases, dissolved organic

material, and amino acids (Kiørboe et al. 2001), natural bulk

Pecl�et numbers are in the range of Pe 5 70 to 7000, i.e.,

external mass transport is advection dominated over the full

range of Reynolds numbers. As can be seen from Table 2, the

bulk Pecl�et numbers of the fiber particles fall within this nat-

ural range. However, residual permeation velocities inside

the porous matrix might not be small compared to molecu-

lar diffusion (Pei5Oð1Þ). Even if the permeation velocity guT

is negligible with respect to flow resistance, the condition of

diffusion-dominated internal transport (Pei51) might be vio-

lated for coarser fiber particles. As a consequence, care must

be taken to control interstitial and bulk Pecl�et numbers by

adjusting the settling Reynolds number. Increasing sizes by a

factor of 10 to improve spatial measurement resolution

requires a corresponding reduction of the settling velocity,

for instance by reducing the excess density of the particles

(by altering the viscosity of the test fluid).

Marine snow can be simulated in two ways. First, particles

can be fabricated that directly simulate natural, large flocks,

having the same size as the natural example settling in low

viscosity solutions (i.e., seawater). Second, geometrically up-

scaled particles can be examined in more viscous solutions

(e.g., glycerol-water mixtures) to avoid excessive settling

velocities, where appropriate Pecl�et numbers are obtained by

considering thermal instead of molecular diffusion. The ther-

mal diffusivity of concentrated glycerol-water mixtures is of

order of j 5 O(1027 m2 s21) (Lima et al. 2001) which facili-

tates size scalability over two orders of magnitude.

Comments and recommendations

The semi-manual process introduced here facilitates direct

control of size and sphericity of the resulting fiber particles.

Our roll-agglomeration approach is similar to a fully auto-

mated process available for the fabrication of (nearly) spheri-

cal porous fiber particles (Ay et al. 2005). However, greater

flexibility in rotor-stator configurations and direct control of

the porosity and permeability, given by our design, allow for

generation of marine snow-like porous particles. Generally

speaking, porous particles based on fibers of greater fineness

were favourable with regard to processing and properties of

the final particles. PA 7 particles seem most suitable to emu-

late marine snow for hydrodynamic measurements, while

coarser fiber particles might be useful to investigate the

impact of finite permeation on solute transfer.

The roll-agglomeration process can be altered to generate

porous particles of variable porosities, similar to that of natural

marine aggregates. This might be achieved by time-dependent

alteration of the rotational speed of the rotor and the vertical

rotor-stator distance. However, further experiments are required

to explore the functionality and the similarity of such porous

particles with real aggregates. Nevertheless, porous particles of

uniform physical properties (e.g., porosity) and those with vari-

able ones may serve different purposes. Uniform porous par-

ticles colonized with living organisms can be taken as a

benchmark case to test the reliability of mathematical models

for calculation of activities resulting from numerical solution of

advection-reaction equations.

Upon demonstrating hydrodynamical similarity of the

fiber particles with natural marine snow, the next step will

be microbial colonisation. To make the particles nutritious

several methods are possible depending on the fiber material

selected. Protein and glycoproteins adhere to negatively

charged glass fibers, whereas negatively charged organic mat-

ter would be more suitable for positively charged fibers.

Alternatively, one may select fibers made of a specific

organic matter such as cellulose, chitin, etc. which serve as

substrate for bacteria.

Table 2. Hydrodynamic characteristics of porous fiber particles
from polyester (PES), lyocell (LYO), and polyamide (PA). n and g
were determined for a porosity of u 5 0.95, except for PA43
(u 5 0.9). Pecl�et numbers refer to Sc 5 700 (representative for
molecular diffusion).

Material Re n g�105 Pe Pei

PES7 0.6(1) 272(36) 0.6(1) 420 0.025

PA22 7.1(1) 157(46) 2.0(7) 4970 0.994

PA43 3.8(1) 215(15) 1.0(1) 2660 0.266
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