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Particle types and definitions

Sources: sediment, algae, bacteria, protozoans, mucus,
macrophyte detritus, fecal pellets, other debris

Suspended particulate matter (SPM) = Total PM (TPM)
 = turbidity, usually mg l-1

POM = Pariculate organic matter = %organic * SPM
PIM  =  Particulate inorganic matter (ash)
PIM + POM = TPM

POC = Particulate organic carbon
PIC  = Particulate inorganic carbon
C/N = Carbon : Nitrogen

Chl = Chlorophyll, µg l-1

CPE = Chloroplastic equivalents = Chl + Phaeo

Chl/C - variable, 20-80



Sinking rate (ωs) for spherical particles according to
Stokes Law:

ωs  =  [(ρp - ρw) g d2]/18 µ

where ρp is particle  ρw is fluid density, g is gravity, d is particle
diameter, and µ is dynamic viscosity. In natural flocs, particle
shape and the composite density that arise from organic and 
inorganic components makes Stokes settling difficult to apply. 

Particles sink at a rate of about 1 m d-1 
(phytoplankton cells) to 100 m d-1 (fecal
pellets); blooms can take a long time to reach
the seafloor!
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Devices used for particle concentration and flux

Transmissometer
Optical backscatter
Nephelometer
Fluorometer
Multisizer
Particle imaging
Sediment traps
see review in
http://www-ocean.tamu.edu/Quarterdeck/QD5.1/richardson-5.1.html

Methods are based on 
inherent optical properties 
of  the medium - 



Problems with sediment traps

Undertrapping - flushing from traps
related to aspect ratio  -  height/mouth width > 5-8
quantified by trap Re, relating trap opening and flow speed to 
aspect ratio

Overtrapping - dead zones at trap mouth

Resuspension - near-bottom traps, gross vs net 
sedimentation

Poisons - control decomposition

Swimmers - controlled by poisoning traps and 
subsequent removal









Reynolds number

Ratio of inertial to viscous 
forces
Inertia - keep moving
Viscosity - resist moving

Inertial force = ρ A U2

Viscous force = µ A U / L

Re = ρ L U / µ  where ν = µ / ρ

Re = L U / ν





Steinberg et al. 1998 Mar. Ecol. Prog. Ser. 164: 157



Trap calibration with thorium isotopes
234Th half-life = 24.1 days (daughter of 238U)
Particle reactive, mostly bound

POC flux = (POC/Th) * PTh

PTh =  λ [AU -  (AdTH + ApTH)]

where  λ the 234Th decay constant

AU is 238U activity

AdTH is 234Th dissolved activity

ApTH is 234Th particulate activity

234Th is not in equilibrium with the rate of decay 
from 238U, i.e. there is a deficit due to sinking of 234Th
on particles. Because POC and 234U are both
particle-associated, the deficit is an indicator of sinking flux





Magnitude and seasonal cycles

What is falling?  
Cells, carcasses, feeding structures (salps), fecal pellets, detritus

How much primary production is exported?
Carbon sedimentation is proportional to primary production
 and falls off exponentially with depth

How much flux is due to fecal pellets?

Time lag of deposition re bloom periods

Strong seasonality, especially in polar regions



Many moorings have more than one sediment trap attached 
to them. Additional traps can be used to provide replicate 
samples, to permit the use of different preservatives allowing 
for more types of analyses to be run on the sediments, or to 
look at the effect of increasing depth on particle flux, 
particularly organic carbon. In the photo below are cups from 
four sediment traps located at different depths (250, 400, 
900 and 1200 meters) on a single mooring in the Cariaco 
Basin. 
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Magnitude and seasonality attenuate with depth



Hargrave et al. 1994. Cont. Shelf Res. 14: 279





Vitasalo et al. 1999. Limnol. Oceanogr. 44: 1388



Particle aggregation and deposition

Organic particles are sticky due to TEP 

Many (most?) particles are aggregated, especially as 
blooms senesce and TEP increases

Aggregates are hard to quantify - photos are biased 
toward larger flocs; smaller flocs less known. The 
traditional Coulter Counter particle sizing method 
breaks up flocs. 

Aggregates are made of particles of varying density 
(TEP, silt, etc.), so their volume or mass is usually < 
D3.  This power is called the fractal index. 
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Flocs through the flocatron window










