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Patticulate matter sedimented in natural waters is known ro exet a direct influence
on solution concentration of rndionrrclides (Garder and Skulberg, 1964) and pesticides
(Lotse et al., 1968), and the importance of the role of suspended particulate matter in
the sorption of psticides from water has been recently demonsuated (Ptister et al.,
196!). However, relatively little a tention has been direcred toward determination
of the influence of suspended particr:late subdivision on ioo sorption from solution
particulady in the clay size range (less than 2p.) although total surface activicy
generally increases markedly with reduced mean particle diameter ( Farrar and C-ole,
ma.n. 7967 ) .

In order to evaluate the influence of suspeoded particle size on tlte behavior of
radionuclides and pesticides in the Columbia River, a centrifugation technique was
devised which allowed size fractionatioo of suspended particulate matter in rhe micron
and submicron size ranges in quantities sufficient for further studies of isolated
fractions but without harsh chemical treatment which mighr alter the properties of
the individual compooerrts. The isolation rnethod, designed for waters o{ low sus-
pended sediment co{rcentration, should be partictlarly applicable to surface waters
of the Northwest.

Materlals and Methods
Suspended prticulate materials were isolated from samples (200 liter) of Columbia
River water raken off-shore approximarely five miies upsream from the U.S. Atomic
Energy Commission Hanford reacors neat Richland, \Tashington.

Particulate materia.ls grener than 53g. in diameter were removed from su,bsamples
of river vrater by siphoning the water through a 53p s'tainless steel sieve. Particulates
in the sieve effluett water were corrcentated by continuous flow centrifugation of
the water in a Sharples Laboratory Super Centrifuge (Model T-1) equipped with a
No. 1-H standard clarifier rotor lined with cellulose acetate membrane and operated
at maximum speed (23,000 rpm) which exerted a force of 11,200 g. Under these
conditions, the flow rate through the centdfuge amoiunted to 60 ml/mio, and the
turbidiry of the supernatant solution as measured on a Hach Model 1860 Laborator.y
Turbidimeter vras reduced to a level approximating rhat of distilled water. Assuming
a pafticle spe{ific gfavity of 1.52 or greatef (Jacksoo, 19)6), centri{ugatioo under
these conditions will sediment medium-fine clay with a limiting particle diameter of
0.07 micron.
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At the complaion of centrifugation, sediment was transferred from the liner to

a volurnetic fJask using a small quantity (less than ) ml) of a neutral sodiun.r

chloride solution (1.5n4) to facilitate dispersioo, and the resulting suspension 'taken

to appropriate volume.
Particulate matter isolated from the raw rivelwater and redispersed as described

above was fractionated accotding to equivaletn spherical diameter by centrifugation

techniques. The quantity of material it each size fraction was determined gravi-

meftically after collection on a filter of appropriate limiting particle diameter.

Centrifugation parametefs were designed to meet the tequirements of Stoke's

law for viscous flow about a falling spherical body, and centrifugation time intervals

were calculated using the Svedberg and Nichol's integrated form of Stoke's law

( Jackson, 1956) as follows:

.-," : u1." 191, t:tl'*/'
(N- ) ' (DF )a  (As)

in which t-i" was the time of centrifugation (min), ?, the viscosity (poises) at cen-

trifuge temperature; R aad S, the radii (cm) of rotation for the sediment and the

surface of the suspension, respectively; N-, the centrifugation speed (rpm); Dp, the

desired particle diameter (g,) and As, the difference in specific gravity of the solvated

particle and the suspension liquid. For clay particles less than 27r, s was taken as

2.5O and for particles greater th^t\ 2p,, s was assumed to equal 2.65 ( Jackson, 1956).

A lourdes Model A-2 Beta-Fuge, an automatic refrigerated centrifuge equipped

with a No. 1100 Density Gradient Rotor and centrifugation tubes (250 ml) of the

polypropylene type, was employed in the sepatetion of particles suspended in the

conceotrated solution. Time intervals and centriftrgation speeds required for particle

size fractionation were calculated from the above equation.
After cenrifugation of an aliquot of d-re concentrated suspersion at the designated

speed for the required time interval, the suPerratant liquid, containing lmrdcles of

diameter equal to or less than the calculated limiting diameter, was temoved undet

vacuum using a nalrow glass mbe with an upnuned tip and collxted in a vacr'um

trap. The remaining sediment was resuspended in a dilute solution of sodium
,chloride. Centrifugation and resuspension was repeated ten times oi uotil the measrued

turbidity of the supernatant liquid approximated that of distilled water. The super-
nates were composited for each size fraction and stored under refrigeration at 4" C

for future analyses. The above procedure was repeated at centifugation lmrameters
approptiate to t1-te removal of dre desired size fractions. The sediment remaining
after complaion of centrifugation was tak€rr as the fraction co,ntaining the largest
particle diameter.

The dilute size fraction suspensions were concenffated for further characterization

by addition of sufficient solid cal.cium chloride to result in a 0.1n4 solution to flocculate

the suspeflsions foilowed by centrifugation until the suPernatant turbidity approxi-

mared distilled water. After dilution to volume, the concentrated sttspensions were

stored at 4" C.
The concentration of solids in the size-fractionated suspensions was determined

by filration, under vacuum pressufes up to 70 cm Hg, of a known volume of suspension
through a dry (60' C) pre-weighed filter disc of appropri:rte pore size, and gravi-

metric determioation of the dry (60" C) retained solids. The filters, both membrane
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and microfiber mauic rypes, were preconditioned by.leaching with distilled water
(200 ml) to constant weight. Calculation of the meao concentration of fractionated
suspended matter in the concenuated suspensions included sediment concentration
values obtained by evaporation of known volumes of the size-fractionated suspensions
to dryness (60' C) in pre-weighed glass ampules. These were evacuated and flame
sealed before gravimetric measuremert of the residues (Kitrick, 1970).

Resulls and Discussion
The centrifugation method described allowed isolation and reproducible size fraction-
ation of particllate matrer in sufficient concentrations for further studies of ion
sorption aod release. Va;iation in mean concentration of the fractionated suspended
matter was less than 2 percent for both of rhe filter media employed. However,
use of the fiber matric filter significantly reduced filtration time in the submicron
size ranges due to increased flow rate. Turbidiq, values of the filtered effiuent
solution did not exceed those of distilled water, indicating the number of particles
in each fractioo having diamerers less than the lower Iimiring diameter were insig-
nificant. The size fractions may have contained particles with diameters greater
thao the upper limiting dia.meter, e.g., algal cells and organo-mineral complexes, if
these materials had a Iower specific gravity than the clay minerals used as a basis for
calculation of the centrifugation dme. Filtration through filters of pore diameters
equivalent to the calculated upper limiting particle diameter or measruement of the
average specific graviry of particulate matter in isolated size fractions may be employed
as necessary to assrue precise definition of particle size.

Application of the procedures to size fractioaation of small quantities (0.ig) of
ZnS particles (less than 2p rc greatet than 44p" in diameter) of known specific
gral'tq, (3.97) resulted in mean recovery of 99.7 percent of ZnS.

The determined patticle size distribution of particulate matter suspended in the
Columbia River after the spring freshet is outlined in Table 1. Mean recovery of

TABLE. 1. Parricle size ditribution of particulxte mafter isotated from Columbra River water
after the sorine freshet.

Piuticle size disrribution

L u n ,  e n r r ' r o n  F r a . t i o n  o f  r o r a l
(mgl1iter) ( 7 o )

2.6
5 . i

1 i .0

14.1

Iquivalenr
spherical diameter

t . p )

<4.2
0.5 to 0.2
2.0 to 0. i
53 to 2.0

TotaI

7 .5
15.1
31 .5
15 .8

96.1

total solids in the several size fractions amounted to over 95 perceot. The importancc
of investigations to determine the influence of clay-size patriculare matrcr on ron
behav io r  in  sLr r f rcc  warers  w, rq  emphd. izcd  by  r \e  resu l i s  o f  t \e . .  in resr ig rc ion ,
which indicated that of the particulate matter less than )3g. in diameter suspended
in the river duting the spring 60 percenr was less than 2.0g. io diameter or of clay size.
and as much as 22 percent of the total suspended matte! was in the less,than-0.)p.
fraction. Materials io these size raflges may be expected to exhibit high surface areas
and, if of terresffial origin, high charge densities relative to particles larger in diarneter.
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