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ABSTRACT

An efficient screening method capable of recovering base/neutral and acidic organic priority pollutants from sediment samples has
been developed and applied to field samples. The procedure involves solvent extraction with sonication, solid-phase extract clean-up,
and quantitative analysis by gas chromatography—ion-trap mass spectrometry. The method was applied to over 300 samples of both
freshwater and marine sediments. Quality control data indicate that the accuracy and precision of the method are comparable to those
of other techniques reported in the literature, including US Environmental Protection Agency methods for waste samples. The spatial
variation of organic pollutants in adjacently collected sediments was found to be greater than anticipated and does not appear to be a

result of analytical imprecision.

INTRODUCTION

Sediments are an important component of aquat-
ic ecosystems, serving both as sources and sinks for
nutrients, carbon and toxicants [1]. There is an in-
creasing awareness of the need to assess the quality
of sediments with respect to the potentially toxic
pollutants which they may contain. One class of
these pollutants, hydrophobic organic compounds,
is frequently among the most reported contami-
nants in sediments [2]. The concentrations of hydro-
phobic organic pollutants in sediments have impor-
tant implications for benthic organisms and other
biota in the aquatic systems [3-7].

Despite the increasing interest in sediment con-
tamination, techniques used to assess contaminant
concentrations in sediments are neither standar-
dized nor simple to perform and they remain the
subject of much ongoing research [8-28). The com-
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plex nature of the sample matrix is one of many
factors contributing to the difficulty of these efforts.
Co-extracted natural products are another difficulty
that often require tedious extract clean-up for their
removal. An additional complicating factor is the
large number of target analytes with widely ranging
chemical properties that are likely to be found in the
aquatic environment {29,30].

Reported recovery values and other method per-
formance criteria typically originate from studies
conducted under research conditions optimized for
specific compound classes [23,28]. Such studies gen-
erally produce small data sets over relatively short
time spans [8,9,18-21]. These idealized recovery effi-
ciencies may be difficult to obtain under normal lab-
oratory operating conditions with methods that are
designed to recover a wide range of chemicals.

The organic priority pollutants (OPPs) are a
group of analytes which contain a variety of chem-
ical classes and are often the target analytes in con-
taminant investigations. The priority pollutants are
the result of a 1976 consent decree between the US
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EPA and several environmental groups and include
metals, volatile and semi-volatile organic com-
pounds [31]. The semi-volatile OPPs are the subject
of many investigations of contamination in sedi-
ments and soil.

This study presents an efficient and expedient
screening method capable of reliably recovering dif-
ferent classes of OPPs from sediments. Sediments
are solvent extracted with sonication, the extracts
are concentrated, and natural product interferences
are removed using solid-phase extraction columns.
Quantification is accomplished with capillary gas
chromatograph—ion-trap mass spectrometry (GC-
ITMS). The method has been successfully used to
screen freshwater and marine sediment samples for
a wide variety of organic pollutants. The perform-
ance of this method has been evaluated for a period
of over two years and involved several different
analysts.

EXPERIMENTAL

Sediment samples from various surface waters
throughout the state of Florida were sampled using
a petite ponar dredge (Wildlife Supply, Saginaw,
MI, USA). The dredge contents were placed in a flat
enameled pan, mixed with a chrome-plated trowel,
and obvious artifacts were removed. The sediment
samples were placed in solvent rinsed one-quart
glass jars with aluminum foil lined lids and placed
on ice for transport to the laboratory.

The extraction procedure combines elements of
EPA Method 3550 [32] and a method reported by
Marble and Delfino [8]. Initially, 30 g of wet sedi-
ment are weighed into a 250-ml glass centrifuge
tube and manually mixed with 60 g anhydrous sodi-
um sulfate using a stainless-steel spatula. Sediment
samples designated as matrix spikes are mixed with
0.10-0.50 m! of a solution containing OPPs in ace-
tone prior to solvent addition. Following the sodi-
um sulfate addition, 75 ml of acetonitrile (Optima
grade, Fisher Scientific, Orlando, FL, USA) is add-
ed to the mixture. The mixed sample is then sonicat-
ed (Model W-375 Sonicator Ultrasonic Liquid
Processor, Heat Systems, Farmingdale, NY, USA)
for 3 min at 100% power output and 50% duty
cycle. The sonicated sample is centrifuged for 30
min at 160 g {1000 rpm) before the solvent is de-
canted into a 250-mli erlenmeyer flask. This proce-
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dure is repeated twice for each sample. The extracts
are combined, dried over anhydrous sodium sulfate
and placed in a 250-ml round bottom boiling flask.
This solution is then concentrated on a rotary flash
evaporator (Rotavapor RE-111, Buchi Laboratori-
ums-Technik,; Fisher Scientific) to a volume of 8-
10 ml and quantitatively transferred to a graduated
centrifuge tube for concentration to a final volume
of 6 ml under a stream of nitrogen gas (N-Evap
Model 111, Organomation Assoc., Berlin, MA,
USA). This extract is designated as the crude sam-
ple extract. Typically this crude extract is centri-
fuged to remove any suspended particulates prior to
further sample clean-up.

Polar interferences are removed from the crude
extracts using 1 g C,s solid-phase extraction col-
umns (SPE, Part No. P469R, Fisher Scientific). An
amount of 0.5 g of copper powder (purified grade,
Fisher Scientific) is added on top of the C; s packing
to remove any elemental sulfur present in the sedi-
ment sample extracts [9]. The C, 4 columns are con-
ditioned with 6 ml of methanol (optima grade, Fish-
er Scientific) followed by 6 mi of deionized water
[8]. After the column is conditioned, 2 ml of the
crude extract are combined and mixed with 4 ml of
deionized water in the column reservoir. The extract
mixture is pulled through the C,3 SPE column,
which is then dried for 30 min under vacuum. The
OPP analytes are eluted from the SPE column using
6 ml of a solvent mixture containing dichlorometh-
ane-hexane—acetonitrile (50:47:3, v/v) [8]. This final
extract is concentrated under a stream of nitrogen
to a final volume of 1 ml.

The components in the sediment extracts are sep-
arated, identified and quantified using a GC-ITMS
system (GC Model 8500, and ITMS model 6210,
Perkin Elmer, Norwalk, CT, USA). The mass spec-
trometer was tuned using perfluorotributylamine,
the calibration compound specified by the manu-
facturer. The GC-ITMS system was calibrated for
quantification of the semi-volatile OPPs using solu-
tions prepared in our laboratory from pure primary
standards (>96% purity, Supelco, Bellefonte, PA,
USA) using an external calibration procedure. In-
jection standards were analyzed to verify that oper-
ating conditions were within acceptable QC limits
each day that the system was used for analysis.

Samples were quantified by injecting a 2-ul ali-
quot of the final extract onto a capillary GC column
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(30 m x 0.32 ym LD, 1 um film thickness, RX-5,
part No. 10254, Restek, Bellefonte, PA, USA) using
the splitless injection mode. The GC oven was tem-
perature programmed to separate the desired ana-
lytes as follows: 50°C for 1.5 min; increased at 20°C/
min to 130°C; held at 130°C for 3 min; increased at
12°C/min to 180°C; then, increased at 7°C/min to
300°C; and finally held at 300°C for 32 min. The
analytes eluting from the GC column were identi-
fied and quantified using 70 eV electron ionization
ITMS.

All samples analyzed using this sediment extrac-
tion procedure were spiked with a mixture of surro-
gate semi-volatile compounds. The surrogate spike
was added to each sample before the solvent and
anhydrous sodium sulfate were added. A variety of
compound classes were represented in the surrogate
spike mixture which included: [2H,4]1,4-dichloro-
benzene, [2Hglnaphthalene, [2H,¢Janthracene, 4-

TABLE I
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bromophenol and 2,6-dibromophenol. These surro-
gate compounds were used to assess the effect of
different sample matrices on OPP recovery.

RESULTS

Analyte recoveries

An initial validation experiment was performed
to investigate the capability of the method to recov-
er a wide range of OPP compound classes. For this
validation experiment, 25 compounds representing
each of the extractable compound classes listed in
EPA Method 625 [33] were chosen. The recovery of
these compounds from the C,g clean-up procedure
was determined by directly spiking mixtures of wa-
ter-acetonitrile (2:1) with OPPs and loading these
samples onto C,g columns. The results of this ex-
periment, presented in Table I, show excellent clean
sample recovery for all analytes except 2,4-dinitro-
phenol.

RESULTS OF RECOVERY EXPERIMENT FOR ANALYTES FROM SPIKED C,, SPE COLUMNS

Analyte Amount spiked Mean Mean RS.D.
on C,, column recovery” recovery (%)
(g (1e) (%)
Phenol 18.4 17.3 94 8.6
[*H ]1,4-dichlorobenzene 29.3 27.2 93 8.2
Nitrobenzene 13.7 12.7 93 6.8
2,4-Dimethylphenol 15.8 18.0 114 6.0
1,2,4-Trichlorobenzene 229 31.3 137 3.2
Naphthalene 18.2 18.9 103 6.8
Hexachlorobutadiene 21.8 22.5 103 12.8
p-Chloro-m-cresol 18.7 19.6 105 85
Dimethyl phthalate 23.0 25.1 109 33
4-Nitrophenol 16.0 13.4 84 454
2,4-Dinitrotoluene 14.3 13.8 97 3.6
Fluorene 15.2 15.8 104 0.1
4-Bromophenyl phenyl ether 222 20.8 94 28.8
Pentachlorophenol 18.8 23.5 125 5.0
y-BHC (lindane) 16.6 20.8 125 48
Phenanthrene 16.6 17.7 107 1.1
Anthracene 15.2 15.8 104 0.4
Aldrin 15.6 16.0 103 0.6
Heptachlor epoxide 13.2 14.7 112 7.6
Fluoranthene 14.2 15.6 109 1.1
Pyrene 16.9 18.2 108 1.3
4,4'-DDE 18.9 19.0 100 13.2
Endrin 17.8 15.5 87 35.6
Chrysene 15.8 18.7 i19 29.9
2,4-Dinitrophenol 15.4 4.0 26 16.7

¢ Mean of 3 replicate experiments.
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Once recovery of the analytes through the Cyg
columns had been verified, the mixture of 25 OPPs
was spiked onto a sediment which had been previ-
ously screened by GC-ITMS and been determined
to be free of OPPs. The spiked samples were ex-
tracted and quantified by the procedure described
above. The results summarized in Table II indicate
that this screening method can recover, with vary-
ing but generally satisfactory efficiency, many dif-
ferent types of the OPP chemicals spiked into sedi-
ment. Only two analytes (endrin and 2,4-dinitro-
phenol) and one surrogate ([2H,]1,4-dichloroben-
zene) showed very low recoveries. Further method
validation was carried out by extracting. National
Institute of Standards and Technology (NIST)
Standard Reference Material 1941. The data col-
lected for duplicate analyses of this sediment sample
are presented in Table III, indicating quite satis-

TABLE II
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factory recoveries of target analytes. Values for an-
thracene were high for undetermined reasons.

Given these more than adequate recovery results,
the method was applied to freshwater and marine
sediment samples collected and analyzed over a pe-
riod of two years. Quality assurance procedures
were instituted wherein a standardized sediment,
spiked with an analyte mixture, was analyzed with
every set of field samples. In addition, every field
sample was spiked with a mixture of surrogate com-
pounds to assess sample matrix effects on analyte
recovery. The data collected from both types of
spiked samples are summarized in Table IV. It
should be noted that the data presented in Table IV
were collected over an extended period of time and
include technique variation contributed by several
different analysts. Recoveries of all analytes, except
hexachloroethane, met or exceeded EPA Method
8270 acceptance criteria.

RESULTS OF RECOVERY EXPERIMENT FOR ANALYTES FROM SPIKED SEDIMENTS

R.S.D.

Analyte Spike level Mean recovery®
(mg/kg dry wt.) (%) (%)

Phenol 3.07 34 18.5
[2H]1,4-dichlorobenzene 4.88 8 61.8
Nitrobenzene 2.28 49 57.4
2,4-Dimethylphenol 2.63 77 17.4
1,2,4-Trichlorobenzene 3.81 45 41.2
Naphthalene 3.04 49 56.4
Hexachlorobutadiene 3.63 31 355
p-Chloro-m-cresol 3.12 105 414
Dimethyl phthalate 3.84 94 32.1
4-Nitrophenol 2.67 70 36.1
2,4-Dinitrotoluene 2.39 87 28.4
Fluorene 2.53 67 226
4-Bromophenyl phenyl ether 37 99 26.7
Pentachlorophenol 3.13 81 37.2
y-BHC (lindane) 2.77 76 14.8
Phenanthrene 2.76 77 28.3
Anthracene 2.53 82 25.7
Aldrin 2.60 61 66.2
Heptachlor epoxide 2.20 70 41.9
Fluoranthene 2.37 84 320
Pyrene 2.81 88 32,0
4,4-DDE 3.15 125 29.5
Endrin 2.96 9 129.
Chrysene 2.63 131 18.0
2,4-Dinitrophenol 2.56 24 13.8

¢ Mean of 8 replicate experiments.
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RESULTS OF ANALYSES OF STANDARD REFERENCE MATERIAL 1941 (in mg/kg dry wt.)

Analyte This study NIST reported values
Sample 1 Sample 2 SRM 1941 SRM 1941
certified GC-MS
concentration® concentration®
Phenanthrene 0.49 0.51 0.58 + 0.06 0.60 + 0.01
Anthracene 0.43 0.43 0.20 + 0.04 0.23 + 0.01
Pyrene 1.47 1.29 1.08 + 0.20 1.24 + 0.02
Fluoranthene 0.97 0.87 122 +£ 0.24 1.40 + 0.04
Benz[a]anthracene 0.49 0.49 0.55 £+ 0.08 0.60 + 0.01
Benzo[b + k]fluoranthene 0.65 091 1.22 + 0.24 nr
Benzo[a]pyrene 0.91 0.81 0.67 £ 0.13 0.75 £ 0.05
Benzo(ghilperylene 0.71 0.71 0.52 + 0.08 0.57 + 0.06
Indeno[1,2,3-cd]pyrene 0.63 0.69 0.57 + 0.04 0.56 + 0.02
Chrysene 0.66 0.65 nr¢ 0.70 £ 0.02
SRM 1941
non-certified conc.?
Acenaphthylene 0.13 0.03 0.12 £ 0.01
Naphthalene 0.56 0.56 1.32 + 0.01

* Values are weighted means of two or more analytical techniques +95% prediction interval with an allowance for systematic error

among the methods used.

® Values are determined by GC-MS + one standard deviation of a single measurement.
¢ No concentration reported for this compound and this method by NIST.

Field duplicates

Additional quality assurance samples included
field duplicate sampling at the rate of 10% of all
field sampling locations. Field duplicate samples
were obtained by lowering the petite ponar dredge a
second time and collecting another sample as close
as possible to the location of the first sample. Data
for these field duplicate samples are presented in
Table V.

Variation observed in the field duplicate data led
to an experiment designed to identify a possible rea-
son for this variation. Two sediment samples from a
contaminated site were each homogenized by plac-
ing the wet sediment into a 1-1 glass beaker. The
sediments were manually stirred with a steel spatula
for 45 min. Five 30-g subsamples of each homoge-
nized sample were extracted and quantified. The
data obtained from this replicate extraction experi-
ment are presented in Table VI.

DISCUSSION

Analyte recoveries

The results of the initial method validation exper-
iment (Tables I and II) indicated that the method
recovered a wide variety of compounds from differ-
ent chemical classes. The initial experiments includ-
ed acidic (phenolic) as well as neutral and basic or-
ganic priority pollutants. Octadecyl bonded phase
columns have been demonstrated to be the opti-
mum non-polar phase for recovery of a wide variety
of compounds from water, including phenolics,
neutral and basic compounds [34]. Acidic organic
compounds have a polar and non-polar fraction de-
pending on their pK, values and the solution pH.
The addition of water to the crude acetonitrile ex-
tract increases the polarity of the mobile phase rela-
tive to the C;5 column. Thus, the non-polar frac-
tion of the acidic compounds is more strongly re-
tained on the SPE column, increasing the overall
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TABLE IV
RECOVERY OF ANALYTES FROM SPIKED SEDIMENTS

Analyte n Average Mean Standard EPA Method
sediment recovery deviation 8270
spiked conc. (%) recovery
(mg/kg criteria
dry wt.) (%)

Base|neutral compounds

1,2,4-Trichlorobenzene 40 3.49 50 19.3 44-142
1,2-Dichlorobenzene 20 3.73 22 18.3 32-129
1,2-Diphenylhydrazine 20 3.13 94 29.9 -+
1,3-Dichlorobenzene 20 5.32 9 7.5 D-172¢
2,4-Dinitrotoluene 40 2.18 83 34.4 39-139
2,6-Dinitrotoluene 20 3.68 82 23.0 50-158
2-Chloronaphthalene 20 3.38 88 23.2 60-118
3,3-Dichlorobenzidine 20 2.84 23 15.9 D-262
44'-DDD 20 37 98 23.8 D-145
4,4'-DDE 40 2.88 101 37.0 4-136
4-Bromophenyl phenyl ether 40 3.39 92 24.7 53-127
4-Chlorophenyl phenyl ether 20 2.65 83 18.3 25-158
Aldrin 40 2.38 84 29.5 D-166
a-BHC 20 3.48 96 36.6 -
Anthracene 40 2.32 97 339 27-133
B-BHC 20 2.06 78 21.3 24-149
Bis(2-chloroethoxy)methane 20 3.26 75 21.8 33-184
Bis(2-chloroisopropyl)ether 20 397 71 26.1 36-166
Benzyl butyl phthalate 20 3.81 92 35.6 D-152
Chrysene 40 2.40 84 36.3 17-168
44'-DDT 20 294 59 31.0 D-203
Dieldrin 20 3.99 94 27.8 29-136
Diethyl phthalate 20 4.88 83 384 D-114
Dimethyl phthalate 40 3.51 97 24.0 D-112
Di-n-butyl phthalate 20 4.05 95 30.4 1-118
Di-n-octy! phthalate 20 5.29 83 14.7 4-146
Endosulfan sulfate 20 3.60 90 323 D-107
Endrin 40 27 27 17.5 -
Fluoranthene 40 2.17 91 30.7 26-137
Fluorene 40 2.32 83 41.1 59-121
y-BHC (lindane) 40 2.54 95 259 -
Heptachlor 20 3.40 78 31.0 D-192
Heptachlor epoxide 40 2.01 81 345 26-155
Hexachlorobenzene 20 3.09 95 17.8 D-152
Hexachlorobutadiene 40 3.32 29 13.3 24-116
Hexachloroethane 20 4.35 9 7.2 40-113
Isophorone 20 4.47 86 32.1 21-196
Naphthalene 40 2.78 53 214 21-133
Nitrobenzene 40 2.09 62 234 35-180
n-Nitrosodi-n-propylamine 20 4.19 72 26.6 D-230
Phenanthrene 40 2.52 80 20.2 54-120
Pyrene 40 2.57 76 25.8 52-115
2,2',4.4',5,5'-Hexachlorobiphenyl 6 3.33 58 17.3 -
2,2 4,5,5'-Pentachlorobiphenyl 6 3.33 74 10.0 -
2,3',4,4',5-Pentachlorobiphenyl 6 3.33 78 10.4 -
3,3,4,4',5-Pentachlorobiphenyl 6 3.33 64 113 -
3,3',4,4'-Tetrachlorobiphenyl 6 7.33 103 8.2 -
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Analyte n Average Mean Standard EPA Method
sediment recovery deviation 8270
spiked conc. (%) recovery
(mg/kg criteria
dry wt.) (%)

Acidic compounds

2,4,6-Trichlorophenol 20 395 81 41.8 37-144
2,4-Dichlorophenol 20 3.29 88 229 39-135
2,4-Dimethylphenol 40 2.40 69 24.1 32-119
2,4-Dinitrophenol 8 2.34 75 32.5 D-191
2-Chlorophenol 20 5.12 62 23.7 23-134
2-Methyl-4,6-dinitrophenol 11 4.63 16 9.3 D-181
2-Nitrophenol 20 3.13 60 20.1 29-182
4-Chloro-3-methylphenol 40 2.85 119 372 22-147
4-Nitrophenol 40 244 46 24.8 D-132
Pentachlorophenol 40 2.87 51 29.3 14-176
Phenol 40 2.80 32 13.0 5-112
Surrogate compounds
[2H,]1,4-Dichlorobenzene 306 9.95 15 14.8 -
[2Hg]Naphthalene 306 11.50 69 313 -
[2H, JAnthracene 306 9.40 98 28.1 -
4.Bromophenol 306 9.05 76 12.1 -
2,6-Dibromophenol 306 ° 10.00 93 23.8 -

“ n = Number of replicate spikes during a 24-month period.
b _, No QC acceptance criteria given in EPA Method 8270.
¢ D = Detected; result must be greater than zero.

)
7

recovery efficiency of the method. This phenom-
enon, combined with the selection of an intermedi-
ate polarity extraction solvent, assists in the simul-
taneous recovery of acidic compounds along with
the basic and neutral compounds without the pH
adjustment and re-extraction required in other pro-
cedures [21,25]. The recovery of polar analytes by
this method agrees with the results of a predecessor
method that recovered (at about 50% efficiency) the
multifunctional polar pesticide chlorpyrifos from
sediments [8].

Non-polar solvents (e.g. dichloromethane, hex-
ane and benzene) are often used for the extraction
of anthropogenic chemicals from sediments [23,28].
Since these solvents are relatively immiscible with
water, such methods often require drying the sedi-
ments to insure that the extraction solvent can ade-
quately interact with the sample. Drying sediments,
at even the relatively low temperatures of 50-60°C,
can result in significant loss of semi-volatile ana-
lytes [20,35]. If sediments are not dried prior to ex-

traction, it is questionable whether water immisci-
ble solvents can effectively extract the target ana-
lytes. The use of water miscible solvents for sedi-
ment extraction allows more intimate mixing of
sample and solvent without drying the sample [20].

Comparison with other methods and techniques

Sonication extraction using non-polar solvents
for the recovery of polynuclear aromatic hydrocar-
bons (PAHs) from sediments has been reported to
yield lower recoveries than either tumbling [28] or
supercritical-fluid extraction [23]. Our recovery val-
ues for PAHs in Tables II and IV compare favor-
ably with the values reported for these analytes by
the tumbling and supercritical-fluid extraction
methods. Satisfactory PAH recovery by our meth-
od is further confirmed by the data presented for
SRM 1941 in Table III.

The recovery limits for EPA Method 8270 [36]
and the recovery ranges obtained for the method we
developed and reported here are compared in Table
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TABLE V

FIELD DUPLICATE RESULTS FOR VARIOUS SAMPLES
AND SELECTED ANALYTES (in mg/kg dry wt.)

Analyte Sample Sample
concentration duplicate
concentration
Anthracene 0.33 1.09
Anthracene 0.88 5.85
Anthracene 0.25 0.74
Benz[a]anthracene 0.04 <0.04°
Benz[alanthracene 2.02 0.32
Benz{a]anthracene 1.15 <0.04
Benz{a]pyrene 0.13 0.51
Benz[a]pyrene 2.61 2.52
Chrysene 0.70 2.46
Chrysene 3.16 279
Fluoranthene 5.96 0.52
Flyoranthene 20.72 18.04
Fluoranthene 0.33 0.31
Fluoranthene 6.62 <0.03
Fluorene <0.08 <0.08
Fluorene 0.38 7.88
Pyrene 2.14 5.67
Pyrene 213 . 0.30
Pyrene 1.17 1.18
Pyrene 4.02 <0.03
44-DDE <0.21 1.11
4,4'-DDE 0.50 <0.21
4,4-DDE 7.23 8.80
4,4-DDD 0.64 0.77
44'-DDD 0.40 <0.11

2 <, Value indicates the limit of detection.

TABLE VI
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IV. The precision of our method is comparable with
the precision required by EPA Method 8270. How-
ever, since the data for our method in Table IV were
obtained using external standard calibration, the
precision could be improved by using internal stan-
dard calibration procedures [37]. Current EPA
methods now require analysis by the internal stan-
dard procedure [36,38]. The recovery data provided
for the OPPs are the result of quality control spike
samples analyzed with sets of field samples. The sur-
rogate spike recovery data in Table IV are based on
data collected for over 300 analyses of field sample
extracts, including both freshwater and marine sedi-
ment samples. The recovery values for our method
are comparable with data in the literature for vari-
ous individual classes of compounds
[19,21,23,27,28]. The data in Table IV indicate that
this method can accurately and reproducibly recov-
er these analytes from sediment matrices.

Poorly recovered compounds

The low recoveries observed for the dichloroben-
zenes and some other analytes are likely due to their
relatively high volatility. Lopez-Avila et al. [19] re-
ported low recovery of dichlorobenzene isomers rel-
ative to other chlorinated hydrocarbons in their
evaluation of EPA Method 8120. That method is
similar to our method and involves the sonication
extraction of sediment and soil samples with dichlo-
romethane followed by gas chromatography—elec-

REPLICATE EXTRACTION OF CONTAMINATED SEDIMENTS

Analyte Sediment 1 Sediment 2

Mean* R.S.D. Mean* R.S.D.

concentration (%) concentration (%)
4,4-DDD 6.06 9.6 nd® nd
4,4-DDE 0.68 1.5 nd nd
Acenaphthalene nd nd 0.04 14.5
Acenaphthene 829 12.8 6.47 15.6
Anthracene 3.18 353 3.68 28.0
Benz[a]anthracene 352 18.2 0.69 143
Benz[a]pyrene 9.22 17.0 0.59 35.1
Benzo[b + kJfluoranthene 29.9 15.8 6.71 15.8
Chrysene - 314 394 0.59 19.0
Fluoranthene 20.7 15.3 5.65 22.6
Fluorene 75.2 14.5 5.22 124
Naphthalene 29.6 10.1 0.4 30.2
Phenanthrene 76.5 31.1 11.7 25.8

¢ Mean of 5 replicate experiments expressed in mg/kg dry weight basis.

® nd = Analyte not found in sample.
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tron-capture detection. Several of the phenolic com-
pounds were also poorly recovered presumably due
to their low pK, values. Many of the compounds
with lower recoveries are ones which would be less
likely to associate with sediments due to their great-
er water solubility or higher volatility. The low re-
covery of endrin by our method is likely due to ther-
mal degradation in the GC injection port [33].

Non-homogeneity of sediments

Normal field QA procedures required that dupli-
cate sediment samples be obtained at the rate of one
field duplicate for every nine field sampling loca-
tions. The results of analyses of field duplicate sam-
ples (Table V) indicate a larger variation between
some duplicate samples than can be attributed to
the laboratory analytical precision alone (Tables II
and IV). This variation was presumed to be related
to the non-homogenous nature of the sediments
rather than the variation contributed by the sedi-
ment extraction method. The results of a replicate
extraction experiment, presented in Table VI, in ad-
dition to the SRM recovery data in Table III, sup-
port this hypothesis. The variation among the dif-
ferent replicate extractions from single homoge-
nized samples is well within the variation of the ana-
lytical method. This indicates that the variation ob-
served in Table V for the analyses of field duplicate
samples is related to the non-homogeneous spatial
distribution of organic contaminants in these field
duplicate samples rather than to the sediment ex-
traction analytical method.

The non-homogeneous spatial distribution of or-
ganic contaminants in sediments related to direct
chemical analysis has received little attention. How-
ever, a few reports indicate that sediment toxicity
exhibits a high degree of spatial variability [1,39,40).
Stemmer et al. [1] reported extreme spatial variation
of toxicological bioassay response in creosote con-
taminated sediment samples taken from a river in
Ohio. They noted that toxicological response varied
by up to two orders of magnitude among subsam-
ples taken within a given square meter area. The
data presented in Table V indicate that some field
duplicate sediment samples analyzed during our
study appear to be reasonably homogeneous while
other field duplicate samples vary in contaminant
concentration by over one order of magnitude.
Swartz et al. [40] reported strong correlations
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among the spacial distribution of sediment toxicity,
total organic carbon and 4,4-DDE concentration
in sediment cores. These findings support a hypoth-
esis that the wide variations we observed in the field
duplicate analyses (Table V) may be duein parttoa
non-homogeneous distribution of natural organic
carbon in sediments.

CONCLUSIONS

The method presented in this paper reliably re-
covers OPPs, representing a variety of chemical
classes, from both freshwater and marine sedi-
ments. The procedure provides an efficient and rap-
id method to simultaneously screen sediment sam-
ples for both base, neutral and acidic extractable
organic priority pollutants in sediments. The use of
a water soluble organic solvent (acetonitrile) for
sediment extraction improves the recovery of polar
compounds without sample pH adjustment or dry-
ing.

The method has been used to screen for OPPs in
more than 300 freshwater and estuarine sediment
samples from throughout the state of Florida. The
surrogate spike recovery data, with one exception,
indicate the method’s broad applicability. The anal-
ysis of field duplicate samples indicates that near-
scale spatial variation in the distribution of organic
pollutants exists in some sediments.
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