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A Close-Interval Sampler for Collection of Sediment
Pore Waters for Nutrient Analyses!
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ABSTRACT: An in situ sediment pore water sam­
pler is described. It can simultaneou sly and continuously
sample at four discrete 1cm levels at one location without
disturbing the sediment or the sample. The sampler can
maintain an anaerobic environment, and can be used
over extended periods of time. Laboratory tests indicate
98 to 100 percent recoveries for ammonium , silicate,
reactive phosphate, nitrate and nitrite. Vertical profiles
for ammonium, reacti ve phosphate and silicate are
shown from field studies.

A knowledge of the propert ies of the sediment-wate r
interface and, in particular , the upper few ce ntimeters
of sediment are critical to the understandin g and de­
scription of both the kinetics and mass transfer of
chem ical specie s in estuarine sys tems. The boundary
conditions at this interface are often poorl y known or
undefined due to the difficulty of sample collection
using classical methods, such as the grav ity or piston
corer, which disturb the sediment wate r inte rface
(Vande rborght, et al. 1977; McRoy, et aI. 1972). In
part icular , the deter mination of nutrient s for this area
is es pecia lly difficult, due to the problem s of degassing
(Rudd and Hamilton 1975), air contamination, and tem­
perature changes (Fanning and Pilson 1971; Bischo ff,
et al. 1970). A seco nd problem associated with the
classical methods of gravity or piston cores is their
limited sco pe. One core represent s one finite set of
data , as it is impossible to sam ple the exact location
a seco nd time. Most of these problems have been over­
come by an in situ sampling dev ice (Montgomery, et
al. 1979) which both maintains the anaero bic sta te of
the samp le and can be sampled over extended periods
of time in the sa me location. This method has two
disadvantages , it requires one sampler for eac h depth
and because of the non-homogeneity of the sedi ment,
produces large varia nces .

This paper describes a single, in situ sampler which
simultaneously samples four I ern sampling surfaces
at 2 cm intervals. This sampler requires minimal sample
manipulat ion, minimizes sediment distu rbance, main­
tains an anaerobic sample en vironm ent , and can be
used over exte nded periods of time to sample at one
location .

The close interv al sampler was designed to locate
4 eac h, I ern porou s Teflon" filter rings at levels I cm
apart on a cy linder 4.5 cm in diamete r. The chamber
behind each filter ring is discrete , and the filtrate with­
drawn from each of the four chambers is independe nt
of the other thre e.

The sampler is composed of a tube with a nose cone
which facilitates insertion into the sediment. The tube
is separated into a layered filter section, a tubular ex­
tension to facilitate handling, and a top sec tion which
provides the necessary connect ions to the internal sam­
ple chambers. Except for the porous Teflon(l\) filter rings,
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clear acry lic plastic (Plexiglas) was used exclu sively
for the con struction (Fig. I).

The filter sec tion is made from three ide ntica l sep­
arator pieces (middle separator) plus two more (top
and bottom separa tor) which are modified to co nnec t
the nose cone at one end and the exte nsio n section at
the ot her . Fo ur sample tubes run the entire length of
the sampler. Each separator piece is drilled throu gh
for all four tubes. A ridge near the edge of the separator
pieces holds the Te flon" filter ring in place and forms
a chamber in the ce nter. The ridge is drilled throu gh
to provide passage for the filtrate from the filter ring
into the chamber. Although all four sa mple tube s go
through each chamber, only one tub e is open at each
level. All joi nts are sealed at each level , making a par­
ticular tube part of only one chamber; all chambers are
equal volume , and the bottom of all four chambers is
the joi nt bet ween the filter section and the nose co ne,

The extensio n sec tion is simply the ex tended sample
tubes surro unded by a protective 4.5 ern diameter tube.
The length of the exte nsion is not cr itica l.

The top piece is made from solid Plexiglas, drilled
for the four sample tubes . The location of each sample
tube is enlarged into a chamber by drilling a larger hole
part way through the Plexiglas. A cover plate contain­
ing eight polyeth ylene tubing connectors (Technicon
116-0003-01, Type A) is sea led in place ove r the cham­
bers. Each of the tubing connectors (inne r) is in line
with the larger sample tubes and is made co ntiguous
with the bott om of the sample tubes by the use of a
sma lle r plast ic tub e (Aci dflex, Technicon Auto­
Analyze r 1.59 mm 1.0 .). The other co nnec tors (outer)
are also connected in turn to eac h of the four larger
sample tubes and are used to apply vacuum or purge
gas for eac h discrete level. The samp le and vacuum!
purge connectors on the cove r plate arejoined to plastic
tubing (Acidflex, Tec hnicon, Inc. 1.59 mm 1.0 .). The
tubi ng for the sample compartments are co nnec ted to
a Tec hnicon pump. The pump (Technico n, Inc., Pro­
port ioning pump ) was modified for field use with a 12V
DC motor and an in-line speed reducer (Dayton models
M2M272 and 27821, respectivel y).

Prior to all experiment s, the sampler was clea ned by
flushing one liter of 6 N HO through eac h level , fol­
lowed by numerous deionized wate r rinses. All sample
cups and sample containers were pre-washed with acid
and rinsed with deionized water.

Laboratory tes ts were co nducted to determine pos­
sible nutrien t sorptio n orco ntam ination by the sampler.
Both spiked and unspiked deionized water were sam­
pled and com pared with co ncentrations in the sample
reservoirs. The spiked sample co ntaine d known co n­
ce ntratio ns of ammonium, nitrogen , dissolved reactive
phosphorous, soluble reactive silicon, nitrate and ni­
trite nitrogen (5.8, 1.6, 5.0, 2.0, and 0.3 JLM , respec­
tively). All nutrient analyses were performed in tr ip­
licate on a Technicon AutoAnalyzer II®using modified
Tec hnicon procedu res (Zimmermann, et al. 1977). The
precisio n for NH.+ was 0.2 to 6.6% relat ive standa rd
deviat ion (RSD) at 25 to 125 JLM , 1.0 to 5.4% RSD for
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Fig. I. Ex ploded view of the close interval, pore water sa mpler. For simplification, only two Teflon® filter
rings are shown.

DRP at 10-20 J.LM and 0.4 to 2.6% RSD for silicate at
300-450 J.LM.

Field testing of the sampler was carried out in the
Ind ian River , near Fort Pierce , Flor ida (La titude
27°32', Longitude 80°21') . Th is field test was co nducted
to sample the upper 8 ern of sediment although the
sampler could have been placed at any depth by in­
creas ing the length of the extension sec tion and internal
sample tub es (Fig. I). We were primar ily interested in
the upper 10 cm of sediment because previous data
(Montgomery, et al. 1979) had shown a sharp increase
in nutrient concentrations bet ween 2 ern and 10 cm
with subsequent decre ase to relat ively constant level
at 30 cm . This gradient could not be resolved using the
larger in situ sampler with the 2 ern porous Teflon rings.
The close inter val sampler was placed in the sediment
of a mixed Halodule wrightii (Ascherso n), Syringo­
dium fil iforme (Kiitzing) bed , with the sampling sur­
faces located at 2, 4, 6 and 8 cm beneath the sediment­
water interface. The sampler was purged with Fre on
gas, the sa mple and purge lines sealed and the sampler
was equilibrated for 72 h.

To initiate sampling the sampler and purge lines were
opened and Freon gas was used to purge the sampler.
Any sample which had collected over the 72 h equil­
ibration per iod was discarded . Purging with Fre on was
con tained for I min afte r all sample was expelled. The
purge lines were sealed and the exc urrent end of the
sample tubes were connected in series with a Gelman
in-line filter holder with 25 J.Lm dia. , 0.4 J.Lm pore size
filter s and then force fitted to a # 21 gauge needle. The

sample lines were inserted through the septum of a
prepurged 50 ml glass vial. A second needle was used
to vent eac h sample vial. Sampling co mmenced with
activation of the pump. The sampling rate was 4 ml
min-I . At the conclusion of sampling the needles were
withdrawn and the septum vial was stored in the dark
on ice for later analysis .

Three sets of samples were taken dur ing 30 min, with
each collection period averaging 10 min. Samples were
also collected at the surface and at 10 cm using the
larger in situ sampler as a further check on the close
interv al sa mpler.

All nut rient concentrations were determined within
a few hours of collection. The anaerobi c condition of
the samples was maintained throughout the analyses
utilizing the method desc ribed by Montgom ery, et al.
( 1979). Oxida tion/reduction potenti al (E h) was mea­
sured using a double j unction electrode (Orion model
96-78) co upled with a Corning pH/mY meter (model
110).

Result s of the laboratory experiments indicated no
nut rient co ntamination of unspiked deionized water.
Percent recoveries for the spiked series ranged from
98 to 100 perc ent for all five nutri ent s at all four sample
levels .

During the field experiment, maximum concentra­
tions of ammonium (NH.+), reacti ve phosphate (PO,)
and silicate (Si03 ) occurred at 8 cm for all three sample
periods (Fig . 2). Th is depth was also the most reduced ,
as shown by the Eh value (-344 mV). Nitrate values
were maximum at 2 ern (2.08 J.Lg-at I- I to J.LM) but were
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Fig . 2. Nutrient profiles from sediment pore wat ers of a mixed Halodule wrightii, Syringodium fi liforme
grassbed. Ammonium (NH4+), reactive phosph ate (P04) and react ive silicate (SiOa) va lues show n are for th ree
co nsecu tive sa mple periods (0, 10, 20 minutes). The nutr ient co nce ntrations are p.M . Th e Eh is millivo lts .
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below our detection limit (0.2p.g -at I- I to p.M) for other
depths, as were all nitrite values (0.04 p.g-at I-I to p.M ).

There was no significant difference (Stude nt's t sta­
tistic , P "" 0.05) between the second and third sam ple
period s, at all depths for ammonium, reactive phos­
phate an d silicate. However , wh ile ov erall profiles re­
maine d the sa me, the first sample period was signifi­
cantly highe r for these thre e nut rie nts for most depths.

Significant diffe rences bet ween the initial sample and
subseque nt samples was probabl y due to a "carry
over" from the high nutrient co nce ntra tions of the sa m­
ple remaining in the sampler from the 72 hr equilibration
period . It is not due to drawdown from other levels
becau se drawd own is pr imarily a funct ion of flow rate
and sedime nt permeability. Our flow rate (0.067 ml
sec-I) with a sediment perm eabil ity (K) of 0.052 em
sec" (Mo ntgomery, unpublished dat a) would onl y
cause a drawdown of 0.04 em at the maximum . Pre­
vious studies using rad ioactiv e HC as bicarb onate have
shown no dr awdown at the low flow rates we are using
(Montgomery, et al. 1979). Labor ator y tests in aquaria
co ntai ning anaerobic sed imen t , show no significant
oxygen contaminat ion using the pre sen t tec hnique as
comp ared to sa mpling Eh in situ (St ude nt's t test P <
0.05). We sugges t that the first sample withdrawn be
discarded and succ es sive sa mples be used for quantita­
tive analys is.

In both field a nd lab orator y studies .where mult iple
wa te r sa mples need to be collec ted fro m one site this
in situ sa mpler has gre at potent ial. There is no need
to withdraw sed ime nt cores to squeeze and therefore
kinetic studies of the nut rients in pore waters ca n more
eas ily be determined . Potential applications includ e
a nalys is of pore wat ers for trace metals, dissolved or­
ganic ca rbo n, sulfides , sulfate s, sa linity, Eh, disso lved
oxygen and pH .
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