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(Received 1 April 1972) 

Abstract- Interstitial waters squeezed from modern sediments with a 100 psi pressure at laboratory 
temperature (23°C) are depleted in K and Ca and enriched in Mg when compared to the solutions 
obtained at in situ temperature (28°C). The changes are especially pronounced when the samples are 
refrigerated during transport back to the laboratory. The magnitude of the variation in chemical com
position was dependent on the element being analyzed as well as the sediment used. The maximum 
observed depletion in the laboratory was about 12% per degree difference in temperature for potas
sium. Element ratios in the solutions were affected most seriously. The Mg/Ca and Na/K ratios in
creased 51 and 60% respectively. 

A water extraction method using sediment to water ratios of 1 : 2, 1: 5, and 1: 10 was compared 
with the pressure method. The total composition of the pore fluids obtained by squeezing is greater 
than expected, corresponding to a sediment to water ratio less than 1: 5. The artificially squeezed 
sediments are yielding pore fluids which are more concentrated than the "in-place" solutions. 

The water extraction method yields results which are in agreement with the behavior predicted 
by the Donnan Principle. It is suggested that the values obtained by successive dilution analyses can 
be extrapolated to measured moisture contents and used to determine the elemental composition and 
element ratios in interstitial pore fluids. 

INTRODUCTION 

THE STUDY of the composition of the interstitial 
solutions in modern sediments can provide an 
understanding of the principles governing dia
genesis of clay minerals. It is essential to know 
where the ions are in order to define the chemical 
changes taking place. For example, potassium may 
be found in 3 major sites; (1) in the interstitial 
solution, including soluble salts, (2) the exchange
able sites, and (3) as ions fixed in structural posi
tions. The distribution of potassium between these 
sites is a function of reaction kinetics and analy
tical techniques. This investigation reports an 
attempt to assess the latter variable on the apparent 
distribution of the ions. 

Reported variations in composition due to sque
ezing pressure and temperature (von Englehardt, 
1961; Manheim, 1966; Presley et al., 1969) have 
caused the interstitial water results to be viewed 
with a certain amount of skepticism by many geo
chemists. This uncertainty provided a strong im
petus to the present authors to use the water ex
traction method generally used in soil fertility 
investigations (Burgess, 1922) to obtain the inter
stitial water composition of some modern estuarine 
sediments. This method provides more useful 
data on ion distribution during exchange and early 
diagenetic reactions. 

The results of the present investigation comfirm 
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the importance of temperature effects and indicate 
the desirability of ship-board extractions of pore 
fluids. Multiple dilution experiments suggest that 
squeezing the sediment at 100 psi to extract inter
stitial fluids yields a total composition which cor
responds to sediment: water ratios smaller then 
1: 5. 

MATERIALS AND METHODS 

The approximate locations of sediments used in 
the present study are shown in Fig. 1. Two stations 
(St. Denis and Bird Reef) were in Barataria Bay, a 
large estuary about 45 miles south of New Orleans 
on the western side of the Mississippi River. The 
third station was in Euhlan Bay about 35 miles 
southeast of New Orleans on the eastern side of 
the river. The salinity of the bay waters was about 
12%0 sodium chloride at the Euhlan Bay and St. 
Denis stations and near 30% 0 at Bird Reef. Bottom 
sediment temperatures were between 28° and 30°C 
measured by direct probe. The consistency of the 
sediments precluded the possible mixing of the bay 
waters and interstitial waters during sampling. 

Two dredge samples were taken, combined 
and mixed thoroughly in a plastic bucket to form a 
sUbsample. A second subsample was prepared in 
the same manner at each station by allowing the 
boat to drift about 50 yards and then repeating the 
dredge operation. Each subsample was split into 6 
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Fig. 1. Index map of sample locations. 

representative aliquots and placed in screw cap 
plastic bottles. The first 2 of these were transferred 
within 5 min of collection to an apparatus like the 
one described by Reeburg (1967) and the interstitial 
water extracted by squeezing. Nitrogen gas was 
used to achieve a pressure of 100 psi on the dia
phragm. The sample temperature was about 28°C. 

The next 2 splits of each subsample were placed 
in an ice chest and kept refrigerated until the inter
stitial water could be extracted. The remaining 2 
aliquots were returned to the laboratory at ambient 
temperatures. The same apparatus was used to 
obtain the pore fluids in the laboratory, but the 
temperature at the time of squeezing was close to 
23°C. Thus, 12 different solutions were analyzed 
from each of the 3 stations. The analyses reported 
in Table 1 are the mean values obtained by deter
mining the ionic abundances in 4 solutions extracted 
on the boat at 28°C, 4 solutions extracted in the 
laboratory at 23 °C after refrigeration, and 4 solu
tions extracted in the laboratory at 23°C with no 
refrigeration during transport. The refrigerated 
samples were also used in the water extraction 
procedure. 

Briefly, the water extraction method consisted of 
adding appropriate amounts of recently boiled and 
cooled distilled water to moist sediments to give a 
1: 2, 1: 5, and 1: 10 sediment to water weight ratio. 
The suspensions were shaken on a wrist-action 
shaker for 6 hr and then centrifuged immediately at 
8000 rev/min for 10 min. The supernatant solution 
was saved for analysis. The remaining sediment 
was saved to determine the exchangeable and non
exchangeable ions. The results of which will be 
published elsewhere. 

The concentrations of Ca, Mg, K, and N a in both 
types of interstitial waters were determined by 
atomic absorption methods after appropriate dilu
tion. A 0·1 % La solution was used to suppress the 

interferences from Si, AI, and P on Ca and Mg. The 
results are expressed as meq of the element per 
100g of sediment dried at 105°C in order to compare 
the techniques . 

RESULTS AND DISCUSSION 
Effect of temperature on the composition of 
interstitial waters 

The sediment samples squeezed on the boat at 
28°C produced pore fluids which contain more K 
and Ca and less Mg than the sediments extracted 
in the laboratory (Table 1). The results for Na are 
variable, some were enriched slightly, others 
severely depleted. The unrefrigerated samples 
were not as different from the "on-board" ones as 
were the sediments which were refrigerated prior 
to analysis. The Euhlan Bay samples, especially, 
were sensitive to refrigeration. Storage at low 
temperatures produces irreversible changes in the 
composition of the pore fluids which can be ex
tracted at 100 psi. 

At the lower laboratory temperatures, apparently 
K and Ca are taken up by the sediment and Mg 
released. The temperature effect on K is similar 
to that reported by Bischoff et al. (1970) for ocean 
bottom sediments but the direction of change is 
reversed because estuarine bottom sediments are 
warmer than the laboratory atmosphere. There 
were 2 cases in which Na was depleted, severely. 
It was affected only slightly in the others. The 
decreased selectivity of the sediment at in situ 
temperatures for K and Ca may be due to the block
ing effect of inorganic Mg-hydroxide interiayers, 
or for the latter element by carbonate equilibria. 
(Our X-ray diffraction analyses of the -211- clays 
confirm the existence of interlayers in these sedi
ments similar to those reported earlier by Lynn 
and Whittig, 1966; Rich, 1968). 

The element ratios are also affected by the tem
perature of storage and squeezing. The Mg/Ca 
and Na/K ratios are increased as much as 51 and 
60%, respectively. The changes in these ratios 
vividly illustrate the differences in the composition 
of pore fluids extracted at various temperatures. 

Comparison of dilution and pressure extraction 
methods 

The pressure method produced greater individual 
amounts of cations as well as totals of the ions 
extracted than the dilution method for sediment to 
water ratios of 1 : 2 and 1 : 5 (Table 2). The chemi
cal composition of the squeezed water is similar 
to that of samples with sediment to water ratios 
between 1: 5 and 1: 10. This was an especially sur
prising result because our consideration of ion 
exchange equilibria had predicted higher values for 
all dilute samples because of increased hydrolysis 
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Table 2. Comparison of interstitial water compositions extracted by pressure and water dilution methods * 

St. Denis Bird Reef EuhlanBay 
Ion 

concentration in Pressure Sediment: water Pressure Sediment: water Pressure Sediment: water 
meg/l00g method 1 :2 1:5 1: 10 method 1 :2 1:5 1:10 method 1 :2 1 :5 1:10 

Ca 0·9 0·6 0·7 0·7 1·5 0·8 0·8 0·9 0·7 0·3 0·3 0·5 
Mg 5·7 3·1 3-3 3·6 8·8 4·7 4·6 4·2 3-8 1·6 1·6 1·9 
Na 20·6 15·2 20·8 25·7 32·9 22·2 27·9 33·3 13·0 10·4 14·4 15·5 
K 0·5 0·5 1·0 1·3 0·9 0·8 1·2 1·5 0·3 0·5 0·7 0·9 
Sum 27·7 19·4 25·8 31·3 44·1 28·5 34·5 39·9 17·8 12·8 17·0 18·8 
%changet -30 -7 +13 -35 -22 +9 -3 -4 +5 

+ 10 -28 +6 

* All samples were refrigerated prior to analysis. 
t Refers to percentage change in the sum of cations extracted by pressure method. 

of exchange sites and dissolution of precipitated 
salts. These data suggest that the pressure extrac
tion method does not yield a pore fluid composition 
that is representative of the in situ values. Squeez
ing the sediment at 100 psi produces an interstitial 
water that is enriched in the ionic constituents. The 
degree of enrichment is dependent on the charac
teristics of the sediments and ions. Abrasion of 
sediment particles created by the applied pressure 
may increase solution concentration ofthe ions by 
dissolution of the freshly exposed surfaces. Or this 
may be evidence also for the pressure dependence 
of ion exchange equilibria. 

A decrease in the sediment to water ratio results 
in an increase in the concentration of a given cation 
in the water extract. These results are in agreement 
with the observations of Eaton and Sokoloff(1935) 
and Lagerwerff (1956). The monovalent ions, K 
and Na, increase the most, whereas Ca and Mg 
values are almost constant. At Bird Reef, the most 
saline sample locality, the magnesium values 
actually decrease with dilution. This effect is 
attributed to the removal of ions in excess of those 
interstitial to the sediment particles by the excess 
solvent. Furthermore, dilution resulted in a 
decrease in the CalK ratios. The results are thus 
in general agreement with the predictions of the 
Donnan Principle (Marshall, 1964). 

CONCLUSIONS 

The experiments discussed above demonstrate 
the desirability of extracting pore fluids from 
modem sediments within minutes of their collec
tion and at in situ temperatures. Storage of samples, 
especially refrigeration of estuarine sediments, 
produces irreversible changes in the composition 
of the interstitial solutions. Squeezing the sediment 
at 100 psi to obtain the fluids should be avoided 
because the elemental abundances are too high and 

the elemental ratios are different from the actual 
ones. It is suggested that pore fluid compositions 
can be obtained best by the water extraction 
methods common in soil fertility investigations 
and similar to the dilution technique of Mangelsdorf 
et al. (1969). The 'in place' values of ions in the 
interstitial solutions and the element ratios can be 
assessed by extrapolation of the dilution data to 
observed moisture contents of fresh sediment 
samples because Donnan Equilibria are the major 
controls on the distribution of ions in clayey 
sediment-water systems. 
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Resume-Les solution interstitielles chassees de sooiments modemes sous une pression de 100 psi a 
la temperature du laboratoire (23°C) sont plus pauvres en K et Ca et plus riches en Mg que les solutions 
obtenues a la temperature in situ (28°C). Les changements sont particulierement prononces quand les 
echantillons sont refrigeres pendant le transport au laboratoire. L'amplitude de la variation de la 
composition chimique depend de l'element analyse aussi bien que du sooiment utilise. Pour la potas
sium, la diminution maximum observee au laboratoire est environ de 12% par degre de difference de 
temperature. Ce sont les rapports des elements dans la solution qui sont affectes le plus serieusement. 
Les rapports Mg/Ca et Na/K augmentent respectivement de 51 et 60%. 

Dne methode d'extraction a l'eau utilisant des rapports sooiment sur eau de 1/2, 1/5 et 1/10 a ete 
comparee a la methode par pression. La teneur totale en ions des fluides contenus dans les pores et 
obtenus par pression est plus grande que prevue, et elle correspond a un rapport sooiment sur eau 
inferieur a 1/5. Les seruments artificiellement traites par la pression foumissent des fluides contenus 
dans les pores, qui sont plus concentres que les solutions "en place". 

La methode d'extraction a l'eau foumit des resultats en accord avec le comportement prooit par le 
principelde Donnan. On suggire que les valeurs obtenues par des analyses de dilution successive 
puissent etre extrapolees aux teneurs en eau mesurees et soient utilisees pour determiner la composi
tion en elements et le rapport de ces demiers dans les fluides interstitiels des pores. 

Kurzreferat-Zwischenraumliche Wasser, die aus neuzeitlichen Ablagerungen bei einem Druck von 
100 psi unter Laboratoriumstemperatur. (23°C) ausgepresst wurden, sind arm an K und Ca und ange
~I{ichert an Mg im Vergleich mit Losungen, die bei in situ Temperaturen (28°C) erhalten wurden. Die 
Anderungen sind besonders auffallend wenn die Proben wlihrend des Riicktransportes zum Labora
torium gekiihlt werden. Das Ausmass der Anderung in der chemischen Zusammensetzung war abhan
gig von dem untersuchten Element sowie von der verwendetn Ablagerung. Die maximale im 
Laboratorium beobachtete Verarmung war etwa 12% pro Grad Temperaturunterschied fiir Kalium. 
Die Verhiiltnisse der Elemente zu einander in den Losungen wurden sehr betrachtlich beeinflusst. Die 
Mg/Caund Na/K Verhiiltnisse sich urn 51 bzw. 60%. 

Ein Wasserextraktionsmethode unter Verwendung von Sediment zu Wasser Verhiiltnissen von 
1: 2, 1: 5 und 1: 10 wurde verglichen mit dem Druckverfahren. Die Gesamtzusammensetzung der 
durch Auspressen erhaltenen Porenfliissigkeiten ist grosser als erwartet, entsprechend einem 
Sediment-Wasserverhiiltnis von weniger als 1: 5. Die kiinstlich gepressten Sedimente ergeben Poren
fliissigkeiten, die konzentrierter sind als die in-situ Losungen. 

Die Wasserextraktionsmethode liefert Ergebnisse, die mit dem aus dem Donnanprinzip voraus
gesagten Verhalten iibereinstimmen. Es wird angenommen, dass die durch fortlaufende Verdiinnungs
analysen erhaltenen Werte auf gemessene Feuchtigkeitsgehalte extrapoliert werden konnen und zur 
Bestimmung der Elementarzusammensetzung und der Elementarverhiiltnisse in zwischenraumlichen 
Porenfliissigkeiten verwendbar sind. 

Pe310Me - BHe.o;peHHble BO.o;bl BbllKaTble a3 ocaAKOB nOA .o;aBJIeHaeM 100 <PYHT/.o;IOHM2 npM JIa60paTopHoH 
TeMnepaType (23°C) HCTOiu;aIOTCH K a Ca H 060rall\a1OTCH Mg no CpaBHeHHIO c paCTBopaMH BbDKaTblMl{ 
npa TeMuepaType in situ (28°C). 3TH nepeMeHbl oc06eHHo 3aMeTHbI UpH pe<PPH)!(epaIIHH 06pa3IIOB BO 
BpeMH TpaHcnopTHpOBKH B JIa60paTopHIO. CTeueHb BapHaIIHH B XHMH'IecKOH KOMn03HIIHH 3aBHCHT KaK OT 
aHaJIH3HpyeMoro 3JIeMeHTa, TaK H OT HCUOJIb3yeMoro oca.o;Ka. B JIa60paTopHH MaKCHMaJIbHOe Ha6mo
.o;aeMoe HCTOll\eHHe 6blJIO B nopH.o;Ke 12 % Ha rpaT-lYc pa3HHL\bl TeMuepaTypbl AJIH KaJIHH. COOTHOIlIeHHe 
3JIeMeHTOB B pacTBopax 6blJIO O'leHb cepbe3Ho 3aTpoHYTO. OTHOCHTeJIbHOe co.o;ep)!(aHHe Ma/Ca H Na/K 
UOBbICHJIOCb Ha 51 H 60 npOIIeHTOB, COOTBeTCTBeHHO. 

MeTo.o; 3KCTpaKL\Ha BOAbl UpH KOTOPOM OTHOCHTeJIbHOe COAep)!(aHHC oca.o;KOB K Bo.o;e - 1 :2, 1:5 H 
1: 10 cpaBHHBaJICH c MeTo.o;OM 3KcTpaKIIHH no.o;.o;aBJIeHHeM. 06ll\aH npOnOpL\HH Bbl)!(aTOH H3 nop )!(HT-\KOCTH 
6blJIa BblIlIe, '1eM O)!(HT-IaJIH, COOTBeTCTBYH OTHOCHTeJIbHOMY co.o;ep)!(aHHIO OCa.o;KOB K Bo.o;e MeHee 1: 5. 
I1ccKycTBeHHo Bbl)!(aTbIe oca.o;KH AalOT )!(HAKOCTH, KOTopbIe 60JIee KOHL\eHTpKpOBaHbI, 'IeM paCTBopbI in situ. 

3KCTPaKIIKH BO.o;bI AaeT pe3YJIbTaTbI, KOTopbIe CXO.o;HTCH c IIOBeAeHKeM npeAcKa3aHHblM no npKHIIHfiy 
LJ:oHHaHa. IlpeAnOJIaralOT, '1TO 3Ha'leHHH nOJIY'laeMble aHaJIK30M nOBTopHbIX pa36aBJIeHHH, MO)!(HO 
3KCTpanOJIHpOBaTb K H3MepeHHoMY cOAep)!(aHKIO BJIarK H npKMeHHTb .o;JIH onpe.o;eJIeHHH KOMn03HIIHH 
3JIeMeRTOB K HX OTHOCHTeJIbHOrO co.o;ep)!(aRHH BO BHeApeHHbIx B nopax )!(HT-IKOCTHX. 
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