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ABSTRACT

Since May 1985, the Criteria and Standards Division of the U.S. Environ-
mental'Protect1on Agency has been pursuing the development of a method for
establishing numerical sediment quality criteria. In anticipation of such a
method for nonpolar organjc contaminants, this report describes recommended
" procedures for sample collection, preservation, preparation, and anélysis to
obtain consistent and comparable data for validating and exercising this
method.

To ensure that the samples are of high quality, pre-collection planning
and preparation are critical, Among the pre-collection activities are prepar-
ing the sampling plan, including quality assurance/quality control (QA/QC)
plan; choosing the appropriate sampling device; choosing the appropriate method
for locating the sampling station; and collecting and preparing the sampling
equipment and containers. Ouring collection, accurate and detailed records
must be kept of all activities and deviations from those described in the
sampling plan. Two types of samples are collected:  one for organic carbon
and dry weight analysis and the other for contaminant analysis. All samples
must be refrigerated or frozen until analyzed.

Analysis of the samples should be conducted only by laboratories that

are experienced in applying analytical methods that meet minimum QA/QC require-
ments. All measurements are to be reported on a dry weight basis by dry1ng

the sample for at least 16 hours at 70°C. The method recommended for tdgal?
“organic carbon analysis is dry combustion, using an inductive furnace. Sample
preparation and analysis involve Soxhlet extraction of the sediment, cleanup
of the extract, and subsequent analysis by gas chromatography/mass spectrometry
and/or gas chromatography equipped with electron capture, halogen-specific,

or flame fonization detectors. Th? choice of system depends on instrument
availability, individual preféreﬁce, and class(es) of compounds targeted.
Cleanup procedures are described for removing paraffinic, polar, and b1ogen1c
materials and sulfur that could interfere with the analysis.

Data derived from implementing the above approaches can then be used to
calculate the organic carbon normalized concentration of the contaminant for
comparison with the sediment criterion value,
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1.0 INTRODUCTION

Since May 1985, the Criteria and Standards Division of the U.S. Environ-
mental Protection Agency (EPA) has been pursuing the development of a method
for establishing numerical sediment quality criteria. Sediment quality cri-".
teria are needed because in some freshwater and saltwater sediments around
the country, the concentrations of organic and metal contaminants are elevated
above background levels (Bolton et al. 1985) and appear to impact the benthic
communities asspcidted with those sediments. Furthermore, national water
quality criteria alone do not sufficiently ensure that aquatic ecosystems
will be protected consistent with the provisions of the Clean Water Acts of
1977 and 1987. Thus, methods are being developed to establish sediment quality
criteria for nonpolar organic contan1nants‘[e.g.. polynuclear aromatic hydro-
carbons (PAHs), polychlorinated biphenyls (PCBs), and chlorinated pesticides]
and for metals.

In anticipation of such a method for establishing numerical criteria for
nonpqlar organic contaminants, recommended procedures are described in this
report for collecting sediment samples and for heasuring the concentration of
nonpolar or-anic contaminants and associated ancijlary parameters in sediments.
The first part of this report {s intended as a §h1de‘to understand and choose
the appropridte sample collection and ana1y§1s methods. The available methods
have been reviewed and those most endorsed by the scientific community for
generating quality data on the chemistry of environmental samples are described.
The appendixes cont;in'det&11ed step-by-step descriptions of the methods that

' enhance or depart. from our recommended reference documents. We encourage the

adoption of these methods, because they will ensure consistent data necessary
for applying sediment quality criteria for nonpolar organic contaminants and
for validating these criteria. Standardization of analytical procedures used
by the technical community will also permit quantitative comparison of the
contaminant éoncen;rations at different sites, and will present a baseline
against which modifications to the methods can be compared. )
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2.0 DESCRIPTION OF APPROACH FOR ESTABLISHING SEDIMENT QUALITY CRITERIA

Before describing the récohmended sample collection and analytical methods,
we will summarize the approach keing pursued by thé Criteria and Standards
Division of the EPA. This approach 1s an adoption and implementation of the
Equilibrium Partitioning Approach. |

The Equilibrium Partitionihg Approach is based on two interrelated

- assumptions. First, the interstitial water concentration of the nonpolar
organic contaminants is controlled by partitioning between the sediment and
the water. Thus, the 1nterst1tﬂal water concentration can be calculated from
the quantity of the sorbent(s) on the sediments and the appropriate sorption
coefficients. For nonpolar organic contaminants, research has shown that the
major sorbent phase on sediments is the particulate organic carbon (Karickhoff
1981, 1984; Karickhoff, Brown, and Scott 1979; Schwarzenbach and Westall 1g81;
DiToro, Jerls, and Cfarcia 1985). Because of the strong influence of the
particulate or total organic caﬁpon on the contaminant partitioning, the
partition coefficient is coulonip expressed as normalized to the organic carbon
content and called the organic c@rbon partition coefficient, Koc’ The
partitioning relationship is desFribed by the follewing equation:

|
€5/0-C. = Kye(Cyy)

|
b

where c,w is the interstitial wa?gr concentration, Cs 1s the sediment
concentration, and 0.C. 1s the organic carbon content.

Second, the toxicity and ac?u-ulat1on of the contaminant by benthic
organisms are correlated to the {nterstitial water concentration of
contaminant. The data of Adams, Kimmerle, and Mosher (1986), Swartz and

!
|
|

'

E
(a) From presentation given at Society of Environmental Toxicology and
Chemistry, 8th Annual Heetiqg, November 9-12, 1987, Pensacola, Florida.
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(a)
Word support the validity of this assumption. This assumption means that

chronic water quality criteria or other toxicological data from water column
toxicity tests can be used to establish the no-effect or specific-effect concen-
tration in the interstitial water. Based on this assumption, the specified
interstitial water concentration can then be used to calculate the concentra-
tion of the contaminant on the sediment that results in this interstitial

water concentration. To provide for greater transferabiiity between sites,

the concentration on the sediment will be reported as normalized to the organ1c

~ carbon content.

To apply the sediment quality criteria, the concentration of the nonpolar
organic contaminants in the sediment under consideration (normalized to organic
carbon content) will be compared to the sediment quality criteria value for
the sediment (which is also normalized to the organic carbon content). Thus,
the major variables that must be measured in each sediment sample are total
organic carbon content (%) and the sediment concentration of the contaminants
(ng/g), both expressed in terms of the dry weight of the sediment.

(a) word, J. Q., J. A. Ward, L. M. Frank11n, and S. L. Kiesser, 1987.

Amphipod, Rhepoxynius abronius. Prepared for U. S. Environmenta] Protec- '
tion Agency, Criteria and Standards Division. Submitted by Batte11e,
Washington Environmental Program Office, Washington, D.C. -
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3.0 SAMPLE COLLECTION, PRESERVATTON, AND ANALYTICAL WETHODS

The major variables that mu&t be determined in the sediment to validaté
and promulgate the EquiIibrium Partitioning Approach are the concentration of
the nonpolar organic contaminantﬁand the organic carbon content. Three
activities can markedly 1nf1uenc§ the quality of the measurements of these
variables: 1) sample coilectionfand preservation, 2) sample preparation, and
3) sample analysis. The most important consideration in the conduct of these
three activities is the experien&e of the person assigned to perform the work.
Many of the sampling and analytical procedures may need to be modified slightly
to acconmodate variations in sampling conditions and/or differences in sample
matrices. Assigning experienced}staff will help ensure that proper Judgment
is exercised if modifications are required and that that sample 1ntegr1ty and
data reliability are maintained.l Much of the discussion in the sections that
follow is focused on methods for collecting and analyzing sediments and solid
wastes as described in recent reborts (EPA 1984, 1986; Tetra Tech 1986; Macleod
et al. 1985), |

QZ'EEBS £ oAl DATIAN 2M8 29

This section describes the protocols required to collect an acceptable
sediment sample for measurement of the physical and chemical parameters. If
conducted improperly, sample collection and preservation procedures can
adversely affect sample 1nteqr1tb (chemical and physical properties), theﬁeby
affecting the quality of the results of chemical analysis performed on that
sample. Thus, it is eritical thht sediment samples be collected and preserved
using standard techniques to avoid potential contamination and matrix disrup-
tion. For 'example, the sample tbpe dictates the type of storage container
and the necessary storage condit1ons (e.g., refrigerated, frozen) to ensure
sample stability.

3.1.1 EI:..CQJJ.esﬁ.on_ﬂanning_atnd_Er.:namm

Many of the activities critical to ensuring that the collected samples
are of high quality take place in the pre-collection planning and preparation
stage. Careful planning and attention to detail at this stage will result in

| : ‘
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|
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a more successful field sampling and will ensure collection of the highest
quality sample possible. Pre»ep]Jection activities include 1) preparing the
sampling plan, including a quality assurance/quality control (QA/QC) plan;

& 2) choo;ing the appropriate sampling device; 3) choosing the appropriate method
.~ for locating the sampling station; and 4) collecting and preparing sampling

equipment and containers. At this stage, arrangements must be made to secure
a vessel, {f necessary, and to choose and notify the ana1yt1cal laboratory.

3.1.1.1 Sampling Plan

Before the field sampling 1s'conducted, a complete sampling plan should
be prepared that includes all QA/QC procedures to be followed during the field
activities. A complete plan should address the following items:

e 1identification of sampling team and responsibilities of each member
e statement of sampling program objectives |
J descriptibn of area to be sampled and desired s;mp!e‘Iocations

o variables to be measured and corresponding container and preservation
requirements . .

e f{dentification of samplin, methods, including :tation positioﬁing
techniques, sampling devices, replicat1ons

e QA/QC procedures, including sample custody and reporting requirements
e cruise schedule

e nealth and safety plan

e storage and shipping procedures

e all spe;ial equipment required

‘e contingency plans in the event that problems are encountered during
sampling, including location and availability of backup equipment.

The plan should be reviewed and understood by all members of the sampling
team before going to the field.

The QA/QC procedures are required to ensure that the environmepta] samples
achieve the highest level of quality possible and to document that leyel of
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quality 1s achieved. Procedurr important to collection and preservation of
the sediment samples are discussed briefly in this section, while QA/QC
procedures important to sample analysis are discussed in Section 3.2.

A1l procedures involved 1m locating the sampling station and in co]]ecting
and preserving the samples showld be described in detail in the sampling plan
or provided 1n standard operatﬂnq procedures (sops) that.are referenced in
the sampling plan. The sampling team members should be familiar with the
appropriate procedures for their part of the field sampling, as we11 as the
record-keeping requirements associated with each procedure.

One of the most important aspects of a successful sampling program is
accurate and complete record keeping. A log book, under the responsibility
of the field supervisor, should be dedicated to recording all information on
field activities and sampling efforts. The level of detatl in the log book
should be sufficient to peruitjan uninvolved party to reconstruct the sampling
effort. In the planning stages, procedures should be developed for and lists
made of all pertinent information to be recorded. Included in the record
books should be the date and tiie of field activities; names of the field
team; station locating procédgnis: information on the sampling site, includ-
ing information on any photographs taken; appearance of all samples; informa-
Tivn ua <il BWTAT(ISTTICNS 6 p-bbeuures -GFrycted during the sampling cruise;
and sample numbers with pertinent information on the quantity and type of
sampie collected and sample handling procedures. Following standard recording
procedures for laboratory record books, all entries in the log book should be
made in ink and each page signed by the author and reviewed and signed by the
. field supervisar. All correct1pns should be 1ined out, fnitialed, and dated.

Chain-of—custédy procedures and forms should be prepared that allow for
the documentation of the sauples and their status at every stage in the process
from collection through final ana1ysis and entry of data into the data manage-
ment system. An example of a cpain-of-custody and analysis request form is )

. given in Figure 1. Accompanying these chain-of-custody forms should be
waterproof sample labels for eakh of the sample jars. Further details on
chain-of-custody forms and sampﬂe records are given in Section 3.1.2.7.

'
I
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Sample contamination is a° significant concern that needs to be addressed
prior to and during sample col]ection. Among the issues that must be addressed
and dealt with in the samplingiplan are 1) material used in the sampler and
cable, 2) material used in and»c]eaniiness of sample containers and collection
equipmént, 3) presence of potential sources of airborne contamination, and
4) presence of anthropogenic material. The importance of choosing the material
for the sampler and cable to avoid sample contamination will be discussed in
Section 3.1.1.2. The presence of unwanted anthropogenic material (e.g.,
bottles, cans, etc.) in the sample will result in rejection of the sample as
described in Section 3.1.2.2. Choice of materials for sample containers and
collection equipment, and preparation of these containers and equipment to
prevent contamination are described in Section 3.1.1.4. To assess the level
of contamination, container blanks (1.e., containers that do not contain
samples) should be analyzed periodically. In addition, procedural blanks
should also be analyzed periodicaiiy to ensure that no contamination occurs
during field sampling. Before kampling, all potenttal sources of airborne
contamination (e.g., stack gases, cigarette smoke, dust) and other sources of
contamination (e.g., grease frou ship winches and cables) should be identified
3G PIOCSUU .3 GEVEioped 10 uin1m12' and assess. tneir effect on sample
integrity.

3.1.1.2 Samleuel.ccti.oni

The most common sampling device used for collecting sediments {s the
modified Van Veen grab sampler, ‘although a variety of other sampling devices
(e.g., box corer) are alse used[and may be appropriate for sampling under
various conditions. When sampling at water depths greater than 200 to 300 m,
a box corer usually gives better results than the Van Veen grab sampler. A
Smith-McIntyre grab sampler nayibe best for sampling coarser sediments. The
primary criterion that should be used to evaluate a sampling device s that
it consistently collects undistﬁrbed sediment to the required depth without

contaminating the samples. To do so, the sampler must meet the following
criteria: |

e C(Create a minimal bow wake when descending to prevent disturbance of o
the sediment surface. |

.

|
|
|
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e Form a leakproof.seal,after the sediment sample ' is taken.
e Prevent excessive sample disturbance while ascending.

e Allow for easy access to'thé'sediment sample,

° Be easi1y and properly handled under the conditions of sample
collection.

e C(Contain weight adjustment.

e Be constructed of material (i.e., stainless steel, Teflon, Kynar)‘
that will not contaminate the sample.

Although most standard sediment samplers seal adequately when they are
purchased, the wear and tear of repeated field use may result in sample leakage.
Therefore, the integrity of the sampler should be constantly monitored.

The choice of sampling device also depends on the depth of sample required.
The penetration/sample depth of the sampler should be several centimeters
greater than the depth of the desired sediment sample. For example, a pene-
tration depth of 4 to 5 cm {s recommended for collecting a 2-cm surface sample.
The penetration depth of a sampler is influenced by 1ts weight and by sedi-
ment composition (e.g., penetration is greatest 1n fine sediments and least in

coarse sediments). To ensure adequate penetrat1on, a samp]er that has a means
of weight adJustment is recommended. -

A 2-cm depth is generally recommended when specifically sampling to
evaluate surface sediment chemistry. Although that depth is a somewhat :
arbitrary designation, it assures that the most recently deposited sediments
are collected and that adequate volumes of sediment are collected for analysis.
Furthermore, this depth holds the hajority of benthic organisms and thus
represents the bioactive layer. Accurate depth sampling is accomplished by
using calibrated scoops. |

In addition, special pracautions must be taken in the choice of the cable
used to deploy the sampler. The cable can potentially be a source of organic
and metal contamination. Because the focus of this document is on ‘collecting
samples for nonpolar organic contaminants, the cable cannot be greésed.
However, stainless steel cable may be used.
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3.1.1.3 Selection of Station Location Method

Although a variety of naviga#ion and/or position fixing systems are avail-
able, factors such as price, avaiTability, and accuracy must be considered in
choosing a system for a survey. ¢r1ter1a to consider in choosing a positioning
system include site-specific factérs of the sampling program that require
certain levels of accuracy or that will 1imit the feasibiiity of certain
methods. These site-specific criter1a will include 1) physical conditions
and topography, 2) equipment required, 3) minimum station separation, 4) sta-
tion reoccupation, and 5) program constraints such as cost, staffing, and
operator experience. Other criteﬁia are the ability to meet the study design
requirements and provide the desired degree of precision. The most accurate
method that is feasible and available is required when evaluating trends and
gradients in sediment quality. The accuracy is considered both in terms of
the absolute or predicted accuracy ({.e., method's ability to definé a posi-
tion by latitude and longitude) aﬁd by repeatable or relative accuracy (i.e.,
method's ability to return the user to the same position). Each of the
available methods has certain absolute and relative accuracy, as well as
availability, in certain geographic locations. Thus, no one method can be
reacommended.  Howswvewr. in zansweal 2lastranis aﬂt**‘ﬂﬂ*ﬁg methods are more
accurate than optical methods. Optical methods are only recommended for shore
or near-shore sampling (i.e., witpin 0.5 km) and would be most appropriate
for sampling along urban waterfronts. These methods generally tend to be
more labor intensive than e1ectroﬁ1c positioning methods. Table 1, which is
reproduced from Tetra Tech (1986), gives the characteristics and advantages/
disadvantages of each of the différent positioning methods. Calibration of
station positions with different wethods may be used to assist in the
positioning on future sampling trﬁps and to ensure accuracy. All positioning
should be used in conjunction witﬁ a fathometer to determine the sampling
depth and to ensure that the water is of the proper depth and the bottom has
the proper profile ({.e., not toofmuch incline) for operation of the sampler.

Once the posit1onihg method has been chosen, the proper setup, caiibrat1on,
and operational procedures must b? followed to achieve maximum method accuracy.
Persons .(1.e., one primary and one backup) on the cruise who will be responsible

i
i
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for the station positioning should be 1deht1f1ed and their experience and -

training with the positioning method documented. To achieve an adequate
familiarity with the pos1t1on1ng system, appropriate training or securing of
qualified and experienced personnel may be required. Backup methods and their
operation should be identified in the sampling plan in the event that the
primary system fails.

3.1.1.4 Enninm:n&.&munﬁm

To ensure that all required sampling equipment and supplies are on board
at the time of field sampling, a check 1ist of the necessary equipmeht should
be prepared. Backup equipment and spare parts should be included on the list.
An example of such an equipment check st is given in Table 2.

A1l sampling equipment (i.e., siphon tubes, scoops, and sample containers)
should be made of noncontaminating material such as glass, stainless steel,
or polytetrafiuorcethylene (PTFE; e.g., Teflon). All equipment including the
Teflon 1ids of the sample containers should be cleaned and dried before use.
The recommended equipment cleaning procedure is

1. Wash with detergent.

2. Rinse twice with tap water,

3. Rinse at least twice with distilled water.
4. Rinse with acetone. &
5. Rinse with high-purity methylene chloride.
6. Cap with or wrap in fired-aluminum foil.

All sample Jars should be capped with and all other equipment wrapped in fired-
aluminum foil between cleaning and sample collection to prevent contaminat1on.

‘The final solvent rinse may be substituted by firing aluminum foil-capped

glassware at 450°C for 1 h,

3.1.2 Samgle Collection Procedures

After all planning has been completed and all necessary'equ1ppent located
and prepared, the actual sample collection can take place. The sampling
procedures will follow those outlined in the sampling plan. Activities included
in the sample collection are 1) locating the sample stations, 2) establishing
criteria for acceptance of samples, 3) mixing and compositing samples, and-
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IABLE 2. sSample Equipment Check List

r

Sediment sampler with spare parts

Station locating equipment

Sample bottles with liqs (c?eaned)

Mixing bowls and spatuia, if nécessary (cleaned)i

?:tzzlzgﬁaigloride and foil (for cleaning equipment in field)
:

!

Shipping ccntainers :
Dry ice and packing materia1s

waterproof labels for sample bottles

Tape for sealing shipping containers
Chain-of-custody and aAaIysis request fornl

|
Shipping forms, 1nc1udﬂng "FRAGILE® and "THIS END up® labels,
and custody seals :

Sinhan tuhee
Sampling scoops (cleaned)
Map -

Field log book

Indelible ink pens vé
|
4) collecting samples. - During sample collection and handling, all potential
sources of airborne ccntaaination (e.g., stack gases, cigarette smoke, dust)
and other potential sources of contauination (e.g., grease from ship winches
and cables) should be 1dent1f1ed and prccedures followed to minimize their
effect. t

3121 mnm.sm::g_smm

For all samples that ara collected, the location of the sampling station
must be determined and recorded in the log book. Accurate navigation is essen-
tial to ensure that the statjonﬁ can be plotted and, if additional sampling

14
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is required, reoccupied. Records that should be kept are 1) positioning method
and equipment used, 2) names of responsible persons and their dutiés, 3) loca-
tion of equipment on board the sampling~9essel, 4) modifications in methods -
or equjpment used from those descr{bed in the sample plan, and 5) data on the
calibration procedures and frequency of calibration. In Addition. the octupied
stations should be recorded in the log book, and plotted and numbered on the
most accurate and up-to-date map of the area. Such maps can be obtained from
the U.S. Geological Survey and National Ocean Survey.

3.1.2.2 Mn_smmm_mnm_m_mm:m

To minimize twisting of the sampler and to ensure proper contact of the
sampler with the bottom, the sampling device should be attached to the cable
using a ball bearing swivel, The sampler should be lowered through'the water
column at a controlled rate of approximately 1 ft/s and never allowed to free
fall. Free falling could result in premature triggering of the device,
excessive bow wake, or improper contact with the sediment surface. Ideally,
the sampler should only gently contact the sediment with minimal disturbance
and be forced into the sediment only by the weight of the sampler. After the
sample is collected, 1t should be raised slowly from the bottom at a controlled
speed of approximately 1 ft/s. To minimize swinging of the sampler when it
breaks the surface, the Samp]e vessel should head into the waves. When the
sample is brought to the surface, the outside of the sampler should be care-
fully rinsed with clean water i) to remove any material on the outside that
could contaminate the sample during removal and 2) to permit the sampler to be
visually inspected to determine the sample acceptability. The sampler should
be secured immediately after it is brought on board to avoid'sélple tipping,
spilling, or disturbance. Excessive swinging of‘the sampler, str1k1ng the
.. vessel, or sampler tipping could result in unacceptable sample disturbance.

If the sampie fails any of the following acceptance criteria it should
‘be reJected and another sample taken:

® Sampler is not leaking.
o Desired penetration depth 1s achieved.

15




i
Sediment surface is f1atland does not show signs of disturbance or

[ ]
washout.
° Sample surface is not pr%ssed agginst the top of the sampler.
e  Overlying water is present.
° Overlying water 1s'not tﬁrbid."
° Anthropogenic material 1s not evident (1 e., bottles cans, etc.).

3.1.2.3 Samj_e_Cnu.e:ﬁ.nn
After the sample s determined to be acceptablé, information on the

sample should be recorded in the field log book (Section 3.1.2.7).
Before sediment samples ére taken for analysis or compositing and
mixing, the overlying water must be removed from the sampler by slowly siphoning
it off near one side of the sampjer. Care should be taken to ensure that the
sediments are not disturbed, andfthat fine-grained surficial sediment and
organic matter are not lost while removing the overtying water. Once the
overlying water is removed, the 5ediment can be sampled. To prevent contami-
nation during sample collection, samples should be taken only from the center
aorticn of the samplier to avald potantisl ’Qﬂuaaina*inn from contact with the
sampler. In addition, the samples should on]y come in contact with the cleaned
sampling equipment and should not be touched with hands that are not gloved.
The samples are placed efther ini the appropriate sample container or in a

stainless steel bowl for compositing and mixing.

3.1.2.4 Mixing of Samples

) When removing subsamp]esffor different chemical analyses of the same
sediment sample or when combining samples from several sediment grabs.to
provide sufficient material for Fnalysis, the sample should be thoroughly
mixed. The samples can be composited and mixed by transferring.them to a

* dry; solvent-rinsed stainless sﬂeeT bowl and stirring with a clean stainless
steel spoon or spatula until achieving homogeneous color and texture. The
bowl and all utensils used for mixing should be changed after each sample or
at least solvent rinsed with methylene chloride between uses and covered with

foil to prevent airborne or othﬁr contaminatfon. The compositing, mixing,

b
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and subsampling should be completed as soon as the samples are collected
However, if a clean room or clean area is not available, then compositing and
mixing should not be attemptod due to the potent1al for contamination, but
should be completed as soon as possible at the laboratory or other clean
facility.

3.1.2.5 IQIAL_QmamLc_CAmqund_Mighx_s.amj_g

A minimum of 25 g of sediment sample should be collected 1n either a
glass or plast1c container that has been properly cleaned.

3.1.2.6 Contaminant Sample

The sediment sample to be used for analyzing semivolatile compounds,
including the nonpolar organic contaminants, should be collected in 240-mL or
larger, wide-mouth glass jars with Teflon-lined screw 14ds. The sample jar
must be properly cleaned to prevent contamination of the sample. The sediment
sample should be at least 200 g (wet weight). Fi1ling the wide-mouthed jar
approximately three-quarters full will ensure obtaining at least this amount
of material.

3.1.2.7 Sample Custody Information
After the sample has been collected and stored in the appropriate con-
tainer, all relevant data pertaining to its collection should be documented

in the field log book. Information to be documented should include the
following:

® unique sample number
° station location
° date of collection

o depfh of water

. gross characteristics, 1nc1udiﬁg texture, color, presence of
organisms, presence of debris, presence of oily sheen, and odor

e gross characteristics of the vertical profile of the sediment,
including changes in characteristics and presence and depth'of a
redox potential discontinuity layer

17




° penetration depth of samb]er

o depth of sample |
® comments on sample qua?ity.

’ Chain-of-custody procedu?es and forms should be prepared that allow for
the documentation of the samples and their status at every stage in the process
from collection through final analysis. An example of a chain-of-custody and
analysis request form was given ﬁn Figure 1. In addition, waterproof labels
containing the sample number, préservation techniques, date and time of collec-
tion, location of sample, and signature of the collector should be affixed to
each bottle. All writing on these labels should be done with indelible ink.

3.1.3 Samls_ausmﬁ.a.n_and_ﬁ;unning

. Immediately after coileciion. the samples should be refrigerated (4°C)
or placed in shipping containers'with dry ice and stored in the dark. Samples
should be analyzed within 7 days; however, {f the analysis cannot be performed
within 7 days, the samples shou16 be frozen to -20°C or to -80°C, if possible.
Freezing is required to reduce the potential for microbial activity. Care
must be taken with frozen samples to prevent container breakage by leaving
headspace for tha water 2 ::;;ud, UYsually, this i3 Afcomplismed by freezing
the containers at an angle rather than {n an upr1ght position. Appropriate
handling times have not been established for frozen sediment, although 6 to
12 months are generally cnnsideréd to be acceptable. Although freezing may
alter the sediment matrix, TetraxTech (1986) presents data that suggest that

the effects are minimal.

If possible, all sanples%should be delivered to the ana1yt1ca1
laboratory as soon as sampling 1$ completed to ensure that the samples are
analyzed within 7 days. If sampﬁe delivery to the laboratory is delayed,
then storage procedures descr1bep previously must be followed and documgnted.

If the samples contain hazardous: materials, guidance for shipping can be found
in U.S. Department of Transportaiion (1984). Procedures that should be followed
in preparing the samples for shipping or transportation are as follows:

° Containers should be durable and be;abfe to withstand rough
treatment during shipping. '




Samples should be tightly packed in shipping containers‘with ‘
dividers and, depending on the shipping time, the space between
the bottles fiiled with packing material or dry ice.

. * The original chain-of-custody and analysis request form should be
enclosed in protective packaging and placed within the shipping
container. Copies of the form should be retained. |

° After the samples and forms hayé been placed in the shipping
container, a custody seal, and "FRAGILE® and °"THIS END UP®" labels
should be placed on the outside of the shipping container.

° If the saﬁples must be shipped to a distant city, carriers that
provide tracking of shipments and delivery receipts should be
used to confirm that the shipment was delivered as required and
to serve as additional chain-of-custody information. All shipping
charges should be prepaid by the sh1pper to prevent delay in
shipping.

Notice of receipt of the samples should be received from the
analytical laboratory.

3.2 Auaumm._aamm'

Before analyzing the sediment sample, the analytical laboratories must
be evaluated to determine that they can perform the desired analyses within
established guidelines. The review should include an evaluation of the labora-
tory's instrument capability and the level of staff'experience. In addition,
the program manager will need to establish minimum QA/QC requirements with
the laboratory before the work is done. Evaluation procedures should include
analysis of standard reference materials and analysis of replicate samples to
establish the quality of a Iaboratoryfs analytical capability (e.g., accuracy
and precision of their data). Based on the review of data from the available
laboratories, the most appropriate analytical laboratory can be selected.

The minimum QA/QC requirements should be consistent with those established by
the EPA's Contract Laboratory Program. '

Figure 2 depicts the general approach that i{s recommended for the deter-
mination of the water and carbon content of the sediments, and for the
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1sblat1on, characterization, and quantification of noﬁpolar organic‘compouﬂds
in the sediments. For.nonpolar organic compounds, our recommendation is based
on a selection process that emphasized the following criteria:

° , state-of-art level of the methods and analytical techniques

° ability of the methods to address the analysis of all compounds of
interest (Table 3) :

° extent of method(s) validation and documentation
° availability of the information on the methods to the user.

Based on a review of the available methods and application of these criteria,
we recommend that the standard analytical pfocedures published by the National
Oceanic and Atmospheric Administration's National Analytical facility (Macteod
et al. 1085), referred to as the NOAA method, be used as the main resource

for guidance on isolation and analysis of nonpolar organic contaminants from

sediments. The NOAA (MacLeod et al. 1985) method is chosen because it satisfac-
torily meets all of the criteria. The EPA has publiéhed several methods for
analyzing environmental samples that contain the compounds of interest (see
Table 3); however, these methods do not meet one or more of the above criteria.
The EPA 600- and 1600-series methods (EPA 1984) are not recommended, because
they are specifically directed toward analysis of the compounds in water only,
and extraction procedures for sediments are not adequately addressed. The

EPA solid waste methods (EPA 1986) are not recommended, because they are not
presented in an easily followed, single-analysis scheme from sediment prepara-
tion through analysis; they contain too'-any options'to permit the final results

" to be compared; and they recommend the use of reagents or appfoachgs that are
" not currently considered appropriate or state of the art. Methods‘that apply

to each of the steps in the general scheme are described in d@tai\ in Appendixes
A through D and in Macleod et al. (1985). Recommended departure from the
methods in the NOAA report (MacLeod et al. 1985) for sediment dewatering and
extraction of large and wet sediment samples are described in Appendix C.
Because the NOAA report does not provide a procedure for quantification by
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IAELE_z. Nonpo1ar Organic Prior1ty Pollutants(a)

Low=Molecular Weight PAH | N .

. Naphthalene |
Acenaphthylene
Acenaphthene |
Fluorene |
Phenanthrene f
Anthracene

High-Molecular Weight PAH
Fluoranthene |
Pyrene |
Benzo(a)anthr&cene
Chrysene
Benzof1uoranthenes
Benzo(a)pyrene
Indeno(1,2,3-c,d)pyrene
.Dibenzo(a h;anthracene
Benzo(g.h 1 pery]ene

[

PCBs !
Pectiridae f

DDT, DOD, ooE*

Aldrin

Chlordane (technical aixtures and metabolites)
Dieldrin

Heptachlor and metabolites

Lindane

Aldrin and uethbolites

i.- . ’ .
(a) From Table 1, Section 307, Clean Water Act of 1977

gas chromatography/mass spectroaitry (GC/MS), EPA method 8270 (EPA 1986) or
EPA Method 1624 (EPA 1984) may be used untfl a validated approach is developed.

Imp1emehtation of the anaiy§1s approach (see Figufe 2) begins with general
sample preparation. Ouring this step, factors that could adversely affect
later steps in the analysis sche@e are addressed and minimized. As stated
previously, all analyses should be performed within 7 days of collection of

| :
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the samples. If the analyses cannot be completed within 7 days.'fhen the
sample should be frozen (see Section 3.1.3). All sediment preparation proce-
dures and handling should be similar for the samples used for the dry weight,
total organic carbon, and contaminant analyses. Following general sample
preparéﬁion. subsamples of sediment may be analyzed for dry weight (Sec-

tion 3.2.1 and Appendix A) and total organic carbon content (Section 3.2.2 and
Appendix B). Another subsample of the sediment sample {s subjected to organic
solvent extraction (Section 3.2. 3). ‘

‘Removal of organic constituents from the sediment is achieved by sample
dewatering followed by Soxhlet extraction (Appendix C) or by centrifugation
and extraction (MacLeod et al. 1985). A key issue that must be addressed
during the extraction step is extraction efficiency, which is affected by the '
ability of the organic solvent to come into intimate contact with sediment
particles. Because extraction efficiency is directly related to the presence
of water in the sample, aspects of the methods describe approaches for removal
(dewatering with methanol) or containment (addition'of sodium sulfate) to
enhance extraction efficiency. Internal standards are addressed and recom-
mendations are made on compounds to be used for quantification of seleqted

compound classes. Calibration and spiked blanks are also discussed relative

to method integrity. F1na]1y. an approach is recomnended for concentrating
sample extracts that minimizes contaminant losses.

Concentrated sample extracts are then subjected to the very‘iﬁportant
step of sample cleanup (MacLeod et al. 1985). The cleanup process involves

subjecting each extract to a series of treatments that selectively remove

materials that would interfere with the analysis of the compounds of interest.
Interfering materials that are removed during extract cleanup include elemen-

tal sulfur, polar compounds (e.g., acids and bases), paraffinic hydrocarbons,

1ipids, and other biogenic compounds.

, After interfering materials have been removed, it is recommended that
samples be subjected to a preliminary screening by gas chromatography to obtain
a qualitative measure of sample complexity and the range in contaminant concen-

tration. Information derived from the screening analysis will assist the

researcher in determining sample dilution or concentration requirements, in
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selecting the appropriate detector, and in determining the extent to which

mass spectrometry may be required for chemical characterization and
quantification.

3.2, 1 D:x.!eigh:_nete:minatinm

Ory weight of the sediment {s determined on an unfrozen sample of the
sediment by heating a sample of known weight (5 to 10 g) ‘overnight (or at
least 16 hours) at 70°C. The anaIysis procedure {s shown in Figure 3. A drying
temperature of 70°C, rather than 105°C, is chosen to provide consistency between
the dry weight basis used to report the results of the organic carbon and
contaminant analyses, because qrying to 105°C could result in loss of some of
the semivolatile organic compounds that are targeted for analysis. Before
drying, all bulk objects (e.g.,;sticks. leaves, and rocks) are removed and
the sample homogenized. Preparation procedures should be similar to those
used in the total organic carboh and contaminant analysis. After the dried
sample is allowed to cool in a desiccator, the salple is weighed. A desiccator
1s used to prevent reincorporation of moisture into the sample during cooling.
The dry weight is deterained using the fo]lowing formula: .

‘ of dr sample
% dry weigh*'t "100 X QW%E—

The details of the procedure art described in Append1x A.

» The QA/QC procedures and cﬁean 1aboratory practices should be followed _

to ensure accuracy of the analyses. The analytical balance should be {nspected )
and calibrated on a preassigned schedule. Desiccators should be checked fre-
quently for proper sealing and for replacemsent of desiccant to prevent moisture
from accumulating during cooling. At least 10% of the samples should be
analyzed in duplicate. x

The dry ueight should be rmported as percent to at least 1 decimal place
(1.e., 0.1%). |

3.2.2 mu_ﬂmmis.tnrbgn.ﬁmm

Total organic carbon is a measure of the total amount of nonvolatile,
partially volatile, vc]ati]e, and particulate organic material in a sample.

r
|
.

b
|
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Prepare Sediment
Sampis*®

l

Place5t0 10 g
in Tared Crucibie

Waigh to Nearest
0.1¢g

Dry Ovemight
- a70°C

Cod to Room
Temperature in
Desiccator

Weigh to Nearest
0.1¢g

*Portion of same sampie is usad for total
organic carbor analyses.

'FIGURE 3. Flow Chart for Determining the Dry Weight of a Sediment Sample
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Many methods for determining the total organic carbon content of soils and
sediments have been reported (Blaék et al, 1965). All the commonly used methodé'
involve either wet or dry combustion of samples and quantitative determination
of the organic carbon content of the sediment from the CO, that evolves.

( Quantification methods include volumetric, titrimetric, graéimetr1c, or con-
ductimetric procedures. With nonéalcareous soils, the total carbon evolved

is attributed to organic carbon. [For calcareous soils, carbonates in the

sample that may contribute to the\total carbon must be removed before analy-

sis of total organic carbon. ;

The method recommended for déteruining-the total organic carbon content
of the sediment involves dry comb@stion using an inductive furnace as described
in Tetra Tech (1986) and shown in [Figure 4. The method is equally applicable
to a resistance furnace; however, the inductive furnace is recommended, because
preheating is unnecessary and the&furnace 1s activated only after the sample
is inserted. Before analysis, the sediment sample is prepared in the same
manner as the dry weight and contiuinant samples. All bulk objects (e.g.,
sticks, leaves, and rocks) are rédoved and the sample 1s homogenized. Because
inorganic carbon (e.g, carbonatesJ bicarbonates, free C0,) will {nterfere
with tatal araanie garhan d-*--*-:t!a", samnies are teeated with acid Lafore
analysis to remove inorganic carban. The sample {s then burned in a purified
stream of O, and the CO, in the effluent gas stream is determined either gravi-
metrically, using an ascarite tube to collect the €0,, or conductimetrically,
using a thermal conductivity analﬁzer.‘ The heat in the inductive furnace is
provided by electromagnetic radiation. Soil does not heat well by induction:
therefore, metal fines, such as cupric oxide, that can be heated to high tem-
peratures by electromagnetic {nduction are added to elevate the sample
temperature (Black et al. 1965). The detailed description of the method is
given in Appendix B. Any other nethod that s substituted should be compared
to this method before acceptance. |

As with any of the ana1yt1cam procedures, QA/QC procedures must be followed
to ensure acCurate,'precise; and ﬁeliable measurements. Any laboratory chosen
for the analysis must keep recordi of equipment calibration and follow clean
laboratory procedures. The analyﬁica] balance should be inspected and

f
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Prapare Sediment
Sampie®

Y

Dry at 70°C;
Cool in
Desiccator

¥

Place 0.2 t0
) 05gin
Combustion Bost

¥

Waigh to Nearest
0.1g

* 'Pomonafamumphuundfor
pommmmundmnmuon

Add HC! to
Remove Carbonste

L

Dry st 70°C;
Cool in
Desiccator

Y

Add Cupric Oxide
or Equivsient
Materiai

L]

Combust Sampie at
950°¢ While
Measurinig Amount
of CO, Evoived

FIGURE 4. Flow Chart for Determining the Total Organic Carbon
Content of a Sediment Sample
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calibrated on a preassigned schedule. If a carbon analyzer is used, it should
be calibrated daily, and a standard reference material should be analyzed at
least once with each set of sed1@ent samples. Desiccators should be checked
frequently for proper sealing and for replacement of desiccant to préyent
moistur'e from accumulating duriné drying. In the conduct of sediment total
organic carbon analysis, you shou]d 1) use thoroughly hoaogenized samples,
2) cool all equipment and sample% fn a desfccator and 3) analyze replicate
samples. At least 10% of the samp]es should be analyzed in duplicate.

The amount of carbon in the sediment sample should be reported as a percent
based on the dry weight of the sediment to the nearest 0.1%.

3.2.3 Analysis of Sediments for Semivolatile Priority Pollutants

Procedures for analyzing seﬁiments to determine contaminant concentrations
will be limited to those emphasizing semivolatile priority pollutants (see
Table 3). These procedures have been developed to detect these pollutants at
trace levels in sediments [1 to $0 ng/g dry weight for neutral compounds (e.g.,
PAHs) and 0.1 to 15 ng/g dry weight of pesticides and PCBs]. As mentioned
previously, the recommended -procedures are primarily documented in MacLeod et
al. (1985), although EPA (1984) is recommended fnr GC/MS analysis of PAHs.

3231 Mmmmm

Figure 5 shows the steps 1nvo1ved in the preparation and extraction of
samples. Specific procedures, reagents, materials, and apparatus to perform
this step are described in HacLeod et al. (1985) and Appendix C. A sample:.
size of approximately 50 to 100 g (wet weight) of sediment for extraction and
a concentrated voiume of 0.5 mL are considered adequate to attain the low-
level detection limits required for semivolatile organic compounds. However,
concentration to as little as 20§vamay'be required for characterization of com-
pounds by GC/MS. Smaller sample sizes can adversely affect detection limits,
and smzller final volumes can reéult in excess loss of target compounds because
.of volatilization. During samplé preparation, excess water is decanted from
the sample and bulk objects (e.gi, sticks, leaves, and rocks) are removed.
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29

~ Methanol/Water

Sample Preparation and Extraction




| .
Failure to perform these manipulhtions could result in poor extraction perfor-
mance and increase variability 1h sediment data. It 1s also important to use
a homogenized sediment sample to;ansurg representativeness of the results.

Prior to Soxhlet extraction, water remaining 1n the sediment after
decantlng is removed by contactihg the sediment with methanol (Appendix C).
In the NOAA method (MacLeod et aﬂ 1985), excessive water is removed by
centrifugation, and residual sediment moisture is contained through the addition
of anhydrous sodium sulfate to the sediment sample prior to sediment tumbling.
The efficacy of the NOAA uethod mith large sediment samples (50 to 100 g)
needs to be evaluated.

After sediment dewatering, ﬁnterna1 standards are added to the sediments
to adjust for analyte losses during samplq workup. The standards contain
mixtures of deuterated aromatic hydrocarbons or halogenated compounds (Table 4).
The internal standard solution for PAHs 1s prepared in hexane to a concentra-
tion of approximately 50 ng/ul fbr each compound; the internal standard for PCBs
and pesticides is prepared in hefane to a concentration of approximately
1 ng/ul.. Along with the sediment samples, calibration and spiked blank samples
are carried through the extracti@n procedure to fdentify and account for poten-
tial contamination and losses. Compounds that are recommanded for use in the -
blank samples are given in Tables 5 through 8. ‘The calibration solutions are

JABLE 4. List of Comp@unds used as Internal Standards(a)

; o ‘

Naphthalene—ds
Acenaphtheane-d10
Perylene-dl12

4.4'-Dibromooctafluorobiphenyl

(a) Adapted f}om MacLeod et al. (1985)
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JABLE 5." List of Compounds used in the PAH Calibration Solution(a)

Hexamethylbenzene

- Naphthalene S
2-Methylnaphthalene
1-Methylnaphthalene
Biphenyl
2,6- Dimethylnaphtha]ene
Acenaphthene
Fluorene
Phenanthrene
Pyrene
Benzo(a)anthracene
Chrysene
Benzo(e)pyrene

Benzo(a)pyrene

Perylene
Dibenzo(a,h)anthracene
Naphthalene-d8
Acenaphthene-dl0
Perylene-d12

(a) Adapted from MacLeod et al.
(1985)

prepared in hexane to a concentration of approximately 5 ng/ul for each
compound; the spiked solutions are prepared in hexane to a concentration of
approximately 50 ng/ul.

The second step in the analysis is removal of the organic compounds from
the sediment samples by Soxhlet extraction. Most Soxhlet extraction procedures
reported in the 1iterature use a mixture of solvents that range in polanitii
Our recommended Soxhlet extraction solution is benzene/methanol (3:;). However,
some laboratories may have safety regulations limiting laboratory worker expo-
sure to benzene, thereby making use of this extraction solution impossible.

In this case, we recommend using either methylene chloride/methanol (2:1),
methylene chloride/methanol (9:1), or the NOAA method to extraction of the
sediment (Figure 6). The EPA method 3540 (EPA 1986) recommends that either
toluene/methanol, acetone/hexane, or acetone/methylene chloride mixtures be
used. Hunchak and Suffet (1987) showed that acetone and mixtures of acetone
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IABLE 6. List of Compounds usedyin the PCB and Pesticide
Calibration Solut1on !

)

Tetrachloro-m-xylene
: Hexachlorobenzene
. Lindane (+=BHC)
Heptachlor ’
Heptachlor-epoxide
Aldrin - ‘
e-Chlordane |
- Trans-nonachlor
Dieldrin
M1 rex |
o,p'-DDE |
p,p'-DDE !
o,p'-DDD ‘
p.p'-DDD i
o,p'-DDT :
p.p'-DDT
2. 4'-Dichlorob1phenyl
2,5,4'-Trichlorobipheny!
2 4,2‘ 4'=Tetrichlorobiphenyl
5.2' 5'-Pentach1orob1phenyl
52',4' 5'»Hexachlorob1phenyl
4,5, 6 2' »5'=Heptachlorobiphenyl
4,5, 2' 3' 4',5'-0ctachlorobiphenyl
_4,5,6,2',3° 4' 5'-Nnnafhlernh1ﬂheny1
SUrYTUROUC (A murompnenyl
|

(a) Adapted from MacLeod et al. (1985)
|
and hexane contain numerous artifacts that can 1nterfere with full scan analysis

of environmental samples; therefore, we do not recommend use of any of thesa
extraction solutions.

4NN

4
4
3
3
2.3
Q

Following extraction, the methanol/water solution from the sediment
dewatering step 1s combined with 'the Soxhlet extract and partitioned to obtain
the final organic extract. The resulting extract is then dried by elution
through a sodium sulfate column and concentrated either by Snyder column or
rotary evaporation. We recommend the Snyder column procedure, because it is
most effective in removing solveﬁt while minimizing the loss of analyte,
although the rotary evaporation method may be faster and less costly. -Before

|
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IABLE 7. List of Compounds use& in the PAH Spike Solut1on(al),

Naphthalene
- 2-Methylnaphthalene

. 1-Methylnaphthalene
Biphenyl '
2,6-Dimethylnaphthalene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
1-Methylphenanthrene
Fluoranthene
Pyrene
Benzo(a)anthracene .
Chrysene
8enzo(e)pyrene
Benzo(a)pyrene
Perylene
Dibenzo(a,h)anthracene

(a) Adapted from MacLeod et al.
(1985)

lthe rotary evaporation method 1s used routine1y 1n a suite of chemical anaiyses;
the recoveries of target compounds must be reported and should be within the

acceptable 1imits as defined by the scienti{fic community for the Snyder column
method. '

If methylene chloride {s used as one of the extraction solvents, then .
_the final step in the extract preparation i{s solvent exchange with hexane -
during the final sample concentration step. Removal of methylene chloride is
necessary to minimize chromatographic effects during the sample cleanup phase.
Final extract volume {s targeted at 1 to 2 mL.

3.2.3.2 sample Cleanup

In addition to the nonpolar organic contaminants of interest, the sediment
extracts contain a variety of different materials, including polar compounds
(e.g., acids and bases), 11pids, paraffinic hydrocarbons, inorganic consti-
tuents, and other biogenic materials. The objective of the cleanup phase is
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IABLE 8. List of Compounds u%ed in the PCB and Pesticide Spike Solutionga)

|
t

Hexachlorobenzene

Lindane (4-BHC)

Heptachlor |
. Heptachlor-epoxide

Aldrin

«-Chlordane

Trans-nonachlor

Dieldrin l

Mirex T

o,p'-DDE

P.p'-DDE ]

o,p*-00D f

plp.-DDD o

p'-DDT |

D.D =007

2, 4'-Dichlorob1phenyl

2,54 -Trichlorobiphenyl
4 -Tetrachlorobiphenyl

5'-Pentachlorob1pheny1

‘,4°,5'-Hexachlorobiphenyl
2'.5'-Heptachlorob1phenyl
'43',4',5'-0Octachiorobiphenyl
.2'.3'.4' 5'-Nonachlorobiphenyl

}

(a) Adapted ?rqn MacLeod et al. (1985)

to selectively remove some of these extraneous materials and to reduce/elimi-
nate interferences caused by these materials prior to the chemical analysis
phase. Figure 7 depicts, in general terms, the sequence of steps required to
clean solvent extracts in preparat1on for chemical analysis. In the f1rst
cleanup step, polar compounds and paraffinic hydrocarbons are removed by
subjecting the sample to chromatography on a mixture of silica gel and alumina.
The operating mechanism for removal of unwanted compounds in this cleanup
step is adsorption. Paraffinic hydrocarbons precede the elution of PAHs,
PCBs, and pesticides from the cdlumn; and polar compounds are retained by the
column. Next, the recovered fraction from the adsorption chromatography step
1s subjected to chromatography .on Sephadex where 1ipids and other biogenic
materials are removed. The priqary mechanism for removal of these materials
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.  Prepare
Sampie
Add
Standards
- Add Sodium
Sulfate and
CHCl
Tumbile Decant
Sample — Extract e
Tumble > Decant L Combined
Sampie Extract > . Extracs
Tumble " Decant Concsntrats
Proceed to
© Sampis Cleanup
(NOAA) .

. NOAA = National Ocasnic and Atmospheric Administration

FIGURE 6. Sample Preparation and Extraction (NOAA Method)
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*Bemental sulfur can be removed from the sampie st these stages by
" several ditferent techniques (Appendix D and MacLeod et al. 19€8). if 3
sampie(s) is suspected of hl]vmg large quantities of sulfur, trestment to
mhw&wnmammnmmw

EPA = U.S. EnwonmonulPromﬂonAm '
NOAA = Naticnal Ocssnic and Atmospheric Administration

FIGURE 7. Gener;'l Scheme for Sample Cleanup
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in this step in the extract cleanup is size exclusion. High-molecular weight

1ipid and biogenic materials precede the elution of nonpolar compounds from
the column.

Elemental sulfur can also be a major interference in the analysis of
nonpolar organic compounds by GC. Specifically, sulfur interferes with the
analysis of individual peaks using gas chromatography/electron-capture detec-

" tion (GC/ECD). Sulfur can be removed from the sample prior to chromatography
through reaction with mercury, tetrabutylammonium sulfate, or activated copper.
In the case of activated copper, the copper can be added to the top of the
adsorption column and sulfur can be removed as part of the sorption chromato-
graphy step. For samples that are suspected of containing large quantities

of sulfur, it is recommended that the sample(s) be treated prior to adsorption
chromatography to remove sulfur using one of the methods given in Appendix D.
Although mercury and copper are commonly used to remove sulfur (methods are
described in Appendix D), these methods have limitations, 1nc1ud1ng degradation
of endrin by mercury and loss of heptachlor in the copper column that preclude
their use on certain environmental samples; Following completion of cleanup,
.the sample {s ready for anaTysis. Each of the cleanup procedures will now be
discussed in more detail. '

3.2.3.2.1 Cleannn_lia_Adsn:n:inn.:h:nma:nﬁfanhx This section describes

in-more detail the spec1f1c method in which two adsorbents (silica and alumina)
are combined to perforn the first cleanup step. In this procedure, the
recovered extract contains both the aromatic and chlorinated organic compounds
of interest. Specific details describing apparatus, reagents, and procedures

" for this method are described in Section 5 of MacLeod et al. (1985).

The steps depicting the approach are shown in Figure 8. In this approach,
slurries of alumina and silica gel are sequentially packed into a glass column.
The mixed sorbent is then topped with a layer of acid-washed sand. If sulfur
removal is required and sulfur concentrations are suspected to be relatively
. low (i.e., trace quantities), then a layer of copper powder placed on top,of
the sand is used to remove sulfur during this chromatographic step. If sulfur
concentrations in the extracts are suspected to be relatively high (e.g.,
sulfur 1s observed precipitating out of sq]ution), then sulfur cleanup using
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one of the methods in Appendix D should be completed before this cleanup step
is initiated. The sample:.concentrate in hexane is introduced to the top of

the column and the column sequentially eluted with pentane (fraction contains

paraffinic hydrocarbons) followed by a 50/50 mixture of methylene chloride/
hexane.” The fraction eluting with the latter solvent (designated SA2 in MacLeod
et al. 1985) contains the compound classes of interest ({.e., PAHs, PCBs, and
pesticides). This fraction is concentrated and then subjected to size exclusion
chromatography.

3.2.3.2.2 Mmmm_ﬂn;mm._chmnm - The second

step in the cleanup fs size-exclusion chromatography of sediment extracts

“that have been subjected to adsorption chromatdgraphy treatment. The method

is designed to remove lipids and other biogenic materials from the sample,
further reduc{ng the potential forlinterference during the screening and
chemical analysis steps.

Figure 9 describes the steps that are important to the conduct of the
method. Specific details describing apparatus, reagénts, and procedures are
described in Section 6 of MacLeod et al. (1985). In the first step, the column
1s packed with a slurry of Sephadex that has been allowed to sue]ljovernight
by placing in solvent [cyc ohe.ane:methanol:methylene chloride, 6:4:3 (V:V:V)].
The packed column {s then allowed to settle overﬁidht to. provide additional
time for the solvent to make intimate contact with all surfaces of the porous
media and to eliminate air bubbles. If air bubbles persist, pass warm solvent
through the column. If this action does not remove the bubbles, then the_?;

~column will have to be repacked. Prior to column calibration, the height of

the Sephadex 1s adjusted to 26.5 cm. To simulate biogenic/11pid matertial, a
tissue extract that had been subjected to silica gel/alumina chromatography
is used to accurately establish its elution profile. The method also makes
use of an aromatic hydrocarbon standard (azulene/perylene) in the column's
calibration to bracket the elutfon time of the compounds of intérest;

The NOAA report (HaéLeod et al, 1985) emphasizes the need to maintain
samp1é solubility. This solubility is achieved by maintaining the sample in
a mixed solvent [cyclohexane:methanol:methylene chloride, 6:4:3 (V:V:V)].
Following sample introductien, two lead fractions are eluted from the column
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FIGURE 9. Sample C1eaﬁup via Gel Permeation Chromatography
(Adapted frc?u MacLeod et al. 1985)
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and discarded. These fractions contain 1ipid and other biogenic materials.
A subsequent fraction (Fraction SA2-L2) contains the compounds of {interest
" and s concentrated and subjected to analytical screening and amalysis.

3,2.3.3 Analytical Screening and Analysis of Sample Extracts

~ The decisions facing the analytical chemist once the extracts have been
processed th}ough the cleanup steps are governed by experimental needs and by
limitations that may be imposed by the make-up of the samples. To address
the first point, the researcher will need to have characterization or quanti-
tative data on several classes of compounds in the extract to make decisions
on which type of instrument to use in the quantification. Also, concentration
of compounds of interest in the extract might be quite low; thereby, taxing
to the limit the analyst's skills to obtain the necessary data. Figure 10
depicts the logic for selecting the appropriate anélyt1ca1 tools and for
preparing the samples for characterization and quantification of individual
constituents by gas chromatography/flame {onization detector (GC/FID), GC/ECD,
or GC/MS. In the first step, all samples are screened by GC to determine the
relative range in concentration present in all of the samples. Sample volumes
at this stage are usually 1 mL. If the researcher is {nterested in the analysis
of PAHs, PCBs, or pesticides, then the screening should imclude both GC/FID
and GC/ECD techniques. Quantitative examination of each chromatogram will
allow the analyst to determine whether adjustments in the volume of the-sample
are required to increase or decrease sensitivity. If increased sensitivity
is required, additional sample concentration can be performed. If’additidngl
_sample concentration (approximately 100 ul) fails to result in detectable
peaks (above background), then detection 1imits will need to be reported for
the sample and no additional analysis is required. Alternatively, samples
determined to be too concentrated may be diluted by an appropriateiamount to
ensure accurate quantification. DOuring the qualitative examination of the
chromatograms, the researcher may detect familiar patterns characteristic of
certain classes of organic compounds. The patterns may include those of PCBs
(in the form of specific aroclors) or PAHs (in the form of petroleum). Such
information may assist the researcher in amalytical standard selection.
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Once the researcher has a qualitative picture of the chemistry of -each
sample, sound decisions on the best quantitative tool can be made. The _
researcher may have found that the initial screening by GC/FID and/or GC/ECD
on some samples provided chromatograms of sufficient quality that the samples
will not have to be rerun. If quantification of samples by GC/MS is required’
or desired, additional adjustments in sample concentration may be required to
take into account the lesser sensitivity of the mass selective detector.
Although GC/MS has the advantage of more absolute compound identification and
increased capability over GC alone to minimize 1nterferencg/quant{f1cat1on'
problems, this method is more time consuming and more expensive than GC/ECD
or GC/FID methods. Also for most analytes, GC/MS is less sensitive than GC/ECD
or gas chromatography/halogen-specific detector (GC/HSD) methods for pesticides
and PCBs and GC/FID for PAHs. For example, a sample may have sufficient
concentration of PCB to be quantified by GC/ECD, but not by GC/MS. For these
reasons, full quantification of all samples by GC/MS may not be required or
desired. In this case, the researcher should select 10% of the samples (samples
that typify the diversity in comp1éx1ty of all samples to be analyzed) for
GC/MS analysis to confirm the presence of specific compounds, and quantify
all samples using either GC/FID or GC/ECD. Samples analyzed by 5C/ECD that
show the presence of PCBs may also show other pEEKS'frOI'those corresponding
to the PCB standards. Representative samples need to be analyzed by GC/MS to
identify these peaks and to verify the presence of these other analytes that
were indicated by retention time comparisons. In addition, multicomponent
peaks are often present (e.g., overlapping PCB and PCB/pesticide Comb1nat16ns)

requiring resolution by single fon monitoring. During the quantitative an§1ysis
process, the researcher should give serfous consideration to using reference
standards supplied by the EPA or National Bureau of Standards.

The recommended method for the quantitative analysis of extracts for
PAHs, PCBs, and pesticides using GC/FID and GC/ECD is described in detail in
Section 12 of MacLeod et al. (1985). Using a capillary column instead of the
-packed column for gas chromatography 1s recommended to ensure the resolution
of anthracene and phenanthrene, chrysene and benzo(a)anthracene,
benzo(b) fluoranthene and benzo(k)f1uorahthene, and dibenzo(a,h)anthracene and
indeno(1,2,3-cd)pyrene pairs, and to maximize the resolution of PCB isomers.
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Capillary column capability 1s also required to resolve the deuterated forms

of naphthalene, acenaphthene, and perylene that are used as internal standards

for PAHs from the nondeuterated Fompounds in the sediment extracts. To calcu- -
late the concentration of chlorinated analytes (i.e., PCBs and pesticides),
dibromsoctafluorobiphenyl is used as the internal standard for the GC/ECD
analysis. The ECD is very sensitive to halogenated compounds; however, the
detector requires careful calibration and appropriate use of 1oternai and
calibration standards to ensure hua11ty data. '

At this time, validated methods for the quantification of nonpolar organic
compounds of interest by GC/MS employing {sotope dilution techniques are limited
to PAH (EPA Method 1624, Rev. B of EPA 1984). If quantification by GC/MS of
this class of compounds is required, we recommend EPA Method 1624. For PCBs
and pesticides, we recommend thetsame method with quantification performed
employing selective recovery stahdard(s) (e.g., dibroaooctafluorobiphenyl)

3.2.4 manJ.tx_Assunan.c.eLQualj.tx_cmmLEmcednr.es

To produce analytical resul@s of high quality and reproduc1b111ty. QA/QC
nrocedures must he followed to ebsure accurate. nrngisg, and reliable measure-
ments. Any-laboratory performing these analyses must keep ‘records of equipment
calibration, and follow clean laboratory practices. Specific QA/QC proce-
dures include proper preparationiof the analytical containers to ensure that
no sample contamination will occur from these sources, analysis of all sol-
vents o determine their purity, and calibration and regular maintenance of- all
equipment. The analytical procedures also include the addition of internal
standards to allow for quantification of the analytes of concern and to account
for any losses that occur during sample preparation. The compounds used in
the internal standards were chosen to ensure representativeness of the compounds
of interest and also to ensure that these internal standards will not occur
in a GC peak within 0.1 min of ﬁhe analyte oeak. Also included in the analysis
are calibratfon and spiked blank samples to identify and allow the analyst to
account for potential contaninanﬁ and losses. If the recovery of any internal
standard is less than 50%, thenithe sample must be reanalyzed. A portion of
the calibration samples are anahyzed in tandem with the extract samples and
are used as reference for detenuining the concentration of the ana]yte

Te
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(Section 3.2.5). "Finally, the container and procedural blanks (see Section
3.1.1.1) should be analyzed periodically to assess the level of contamination -

that occurred during sample collection.

3.2.5 Qata Reporting ' .

The fingl data are reported as the ng of analyte/g of the sediment sample
on dry weight basis using the following equation (Section 12 of Macleod et

al. 1985):
ng of analyte X Rl X R2 x g 1-Std added 100
g of sediment, dry weigﬁf Ry sample weight =~ % dry wt

analyte peak area in extract -

where R, = I-S%g peak area in extract ' r
R = ana1¥§e concentration in reference vial gn?/E%Q
2 - concentration in reterence vial (ng
R. = ana1¥§e peak area {n reference vial '
3 -3td peak area Tn reference vial

I-Std = internal standard ,
%Ory wt = percent dry weight determined using the - 2thod in Appendix A.
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4.b DATA CALCULATIONS

After determining the dry weight. organic carbon content,, and contami- v
. nant concentration, the organic carbon-norma]ized concentration of .the contami- - :
nant 1A the sediment can be calculated and compared with the numerical sediment
quality criteria. Because organic carbon is the primary sorbent phase on the -
sediment and the quantity of the organic carbon affects the toxicity and
accumulation of the assoc1ated contaminants, a numerical set of criteria that
can be used in a cross section of sediment types will be expressed as normalized

to sadiment organic carbon con;ent. Use the following formula to calculate
the organic carbon-normalized concentration of the contaminant:

|

gcontamihant concentrationz x 100
lorganic carbon

r
When the contaminant concentration i1s in units of ng/g and the total organic
carbon content {s reported as percent, then the units for the organic carbon
normalized concentration will be 10~7 g of contaminant/g of organic carbon.




5.0 CONCLUSTON

Methods have been recommended for collecting sediment samples and for
analyzing dry weight, total organic carbon cdntent, and'concentration-of _
nonpolar organic contaminants in these samples. The primary concern in applying
any of the recommended methods or potential alternatives is that proper QA/QC
procedures be followed, and that the performance of the sampling and analysis
methods be monitored. If variations in sample matrices require some
modifications to the proposed methods, all mod{fications must be thoroughly
documented and their performance must be compared to referenced methods. It
is also critical that the procedures be performed only by experienced personnel
who follow clean laboratory practices. If these guidelines are followed, the -
sampling and analysis will meet these criteria and will be useful in applying
sediment quality criteria for nonpolar organic contaminants. |
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APPENDIX A

METHOD FOR DETERMINING THE DRY WEIGHT OF A SEDIMENT SAMPLE

. SUMMARY OF METHOD

The sediment sample is homogenized and a portion removed for dry weight

determination. The sample is dried overnight at 70°C. After cooling in a
desiccator, the weight loss is determined and used to calculate the dry weight
of the sample. A flow chart depicting the analytical scheme is shown in
Figure A.1. o

A.z

A.3

A.4

EQUIPMENT

drying oven capable of sustaining a 70°C temﬁerature
desiccator

porcelain crucibles

apparatus for grand1ng samples, such as Fisher Mortar Model 155
Grinder, Fisher Scientific Company, Catalogue Number 8-323, or an-
equivalent brand and model

EQUIPMENT PREPARATION

Crucible should be cleaned by heating to 950°C.‘cooled in a desiccator,
and weighed to the nearest 0.1 g. '

SAMPLE PREPARATION

'If possible, the dry weight and other chemical analyses .should be

performed on fresh sediment samples. However, if the samples must

be frozen, then the dry weight should be determined on a frozen sample.
Before analysis, the frozen sample should be thawed slowly at rooa
temperature. All bulk materials (e.g., sticks, leaves, and rocks)
should be removed from the sample and the sample homogenized to uniform

A.l
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'Pom'oné, of same sample is used for total
|
FIGURE A.1. Flow Chart for Determining the Dry Weight of
a Sediment Sample

A.z




A.5

o
on

texture and color. If fresh samples are used, then overlying water
should be discarded before homogenization. If frozen samples are

used, water that results from freezing should be incorporated into
the sample during homogenization. If the sample will not pass through -

" a l-mm_sieve, it should be processed with the sediment grinder or

equivalent equipment to homogeneous texture and color before analysis.
The sample preparation procédures should be the same as those used

in preparing samples for total organic carbon and contaminant analysis.
The'samp1e taken for dry weight determination is one subsample from
that collected for total organic carbon analysis.

ANALYTICAL PROCEDURE

Place 5 to 10 g of homogenized sample in tared crucible.
Determine weight to nearest 0.1 g.

Place crucible with sample in drying oven at 70°C.

Dry overnight or at least 16 h.

Cool sample to room temperature in desiccator.
Determine weight of dried sample to nearest 0.1 g.

CALCULATION

: of dry sample
% dry weight = 100 x s—g—w%m—;q%—

QUALITY CONTROL

Crucibles should not be touched with bare hands after cleaning.

A1l analytical balances should be inspected and calibrated on a
preassigned schedule.

Desiccators should be checked frequently for proper seajing and fqr
replacement of desiccant. ' '

105 of samples should be analyzed in duplicate.
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APPENDIX B

METHOD FOR DETERHINING THE TOTAL ORGANIC CARBON
CONTENT OF A SEDIMENT SAMPLE
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APPENDIX B

METHOD_FOR DETERMINING THE TOTAL ORGANIC CARBON
CONTENT OF A SEDIMENT SAMPLE

8.1 SUMMARY OF METHOD

The sediment sample is homogenized and a portion removed for total organic
carbon concentration. The sample is first dried at 70°C, then a portion of
the sample (0.2 to 0.5 g) is treated with HC1 to remove carbonates. The
carbonate-free sample is heated to 950°C, and the amount of CO2 evolved is
measured. The analytical scheme is shown in Figure B.1. This method is adapted
from Tetra Tech (1986). ' '

B.2 EQUIPMENT

© induction furnace, such as Leco WR-12, Dohrmann DC-50, Co1em§g CH
.Analyzer, Perkin Elmer 240 elemental analyzer, Carlo-Erba 1106

i ana]ytfcal balance with 0.1 mg accuracy g

¢ desiccator |

® combustion boats

® 10% hydrochloric acid

® cupric oxide fines or equivalent reference material

¢ benzoic acid or other carbon source as a standard, if necessary

B.3 EQUIPMENT PREPARATION

¢ (Clean fhe combustion boats by placing them in the induction furnace
at 950°C. - After cleaning, the combustion boats should not be touched
with bare hands. '

¢ (ool boats to room temperature in a desiccator.

8.1
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L weighxeach boat to the nearest 0.1 mg.
®. If an ascarite tube is used to capture the C02, weigh the tube.

® Set up and calibrate the inductive furnace and associated carbon
dioxide analytical equipment according to manufacturer's instructions.

B.4 SAMPLE PREPARATION

A minimum of 25-g samples of the sediment should be collected in a glass
or plastic container and stored on ice, if storage times are less than 7 days,
or frozen, if storage times are longer. If the samples are frozen, they should
be thawed slowly to room temperature before analysis. Homogenize each sample
to uniform texture and color.

B.5 ANALYTICAL PROCEDURE

® Transfer 5 to 10 g of sample to a clean container.

® Dry sediment sample to constant weight at 70°C 2°C. The drying
temperature is kept low to minimize the loss of semivolatile and

.
Pl

volatile compounds. _ &
e Cool dried samples to room temperature in a desiccator. v
¢ Grind sample using a mortar and pestle to break up aggregates.

® Transfer 0.2 to 0.5 g of the sample to a cleaned, preweighed combustfbn
boat. - .

° Detenmine:the sample weight to the nearest 0.1 g.

© Add several drops of 10% HCl1 to the dried sample to remove the
- carbonates. Wait untf1,effervescing is completed before adding more
acid. Continue adding acid until effervescing no longer occurs when
acid is added. The acid should be added slowly and in small quantities
to prevent loss of sample due to effervescing.

® Dry the HCl-treated sample to constant weight at 70°C « 2°C.

® Cool the sample to room temperature in a desiccator.

B.3
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I
Add previously ashed cupricioxide or equivalent reference material to

the combustion boat. [

Cembust the sample in the i%ductive furnace at a minimum temperature
‘ .
of 50°C s 10°C, collecting or measuring the CO2 evolved.
. b
|
CALCULATIONS |

If an ascarite-filled tube is used to capture the CO2, the carbon
content of the sample can bz calculated as follows:

percent carbon = A(0.2729) (100

where A = weight in grams of C02 determined by weighing .the
ascarite tube before and after combustion of the sample.
B = dry weight in gr?ms of the unacidified sample in the
combustion boat ‘
0.2729 = ratio of molecular weight of carbon to the motezular
weight of cirbon dioxide. o

A silica trap should be placed in the line before the ascarite tube
to prevent moisture from entering the tube. An additional silica v
trap may also be placed at the exit end of the ascarite tube to tr;pfj
any water formed by reactioh of the CO2 with the NaOH in the tube.

If an elemental analyzer is used, the amount of CO2 will he measured
directly. To ensure accuracy, the instrument should be calibrated
daily, using the empty boat?as a blank for the zero value and at least
two standards covering the kxpected range of the samples. The carbon
content is calculated as follows:

percent carbon = ¢) (100




8.7

8.8

where C = amount of carbon that is evo]ved in grams as determ1ned
by the carbon analyzer

B = dry we1ght in grams of the unacidified sample in the
combustion boat.

QUALITY CONTROL

Crucibles should not be touched with bare hands after cléaning.

A1l analytical balances should be inspected and calibrated on a
preassvgned schedule.

Desiccators should be checked frequently for proper sea11ng ‘and for
replacement of desiccant.

If carbon analyzer is used, it should be calibrated daily with standard
reference material.

10% of samples should be analyzed in duplicate.

REFERENCE

Tetra Tech. 1986. Recommended Protocols for Measur1ng Organic Compounds in

Puget Sound Sediment and lissue Samples. Prepared for Office of Puget Sound,
Region 10, U.S. £

nvironmental Protection Agency, Seatt]e, Hash1ngton
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APPENDIX C

SEDIMENT DEWATERING AND EXTRACTION

C.1 SUMMARY OF METHOD -

The method combines attributes of procedures described in Tetra Tech
(1986a, 1986b). The sediment sample is dried with methanol, placed in an
~ extraction thimble or between two plugs of glass wool, and extracted using an
appropriate solvent in a Soxhlet extractor. The combined extract (methanol
and Soxhlet) is subjected to liquid-liquid partitioning. The organic phase
is then dried, concentrated, and, as necessary, exchanged into a solvent
compatible with the cleanup procedures. The analytical scheme is shown in
Figure C.1.

C.2 APPARATUS AND MATERIALS

® Soxhlet extractor - 40-mm I1.D., with 500 mL round-bottom flask.
drying column - 20-mm I.D. Pyrex chromatographic column with Pyrex .
glass wool at bottom and a Teflon stopcock. ‘

NOTE: Fritted glass disks are difficult to decontaminate after highly
contaminated extracts have been passed through. Columns without frits
may be pur;haéed. Use a small pad of Pyrex glass wool to retain the ﬁ
adsorbent. Prewash the glass wool pad with 50 mL of acetone followed
by 50 mL of elution solvent prior to packing the column with adsorbent.

¢ Kuderna-Danish (K-D) apparatus

- Concentrator tube - 10 mL, graduated (Kontes K-570050-1025 or
equivalent); ground-glass stopper is used to prevent evaporation
of extracts '

- Evaporation flask - 500 mL (Kontes X-570001-500 or equivalent);
- attach to concentrator tube with springs- :




e -
Sampile ‘ .

Sample | — Methanol/Water
with Maethenol Extract

Add Intermnal
Smdardl

an:odtq
Sampie Cleanup

FIGURE C.1. Sampfe Preparation and Extraction
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- snyder column - three-ball macro (Kontes K-503000-0121 or
equivalent)

.= snyder column - two-baIl micro (Kontes K-569001-0219 or
equivalent)

boiling chips - solvent extracted, approx1mate1y 10/40 mesh (s111con
carbide or equivalent)

water bath - heated, with concentric ring cover, capable of temperature
control (s5°C); the bath should be used.in a hood

vials - glass, 2-mL capacity, with‘Téflqn-Iined screw cap
glass or paper thimble Er glass wooI.- contaminant free
heating mantle - rheostat controlled

syringe‘- 5 alL

apparatus for grinding - If the sample will not pass through a l-mm
standard sieve or cannot be extruded through a l-mm opening, it should
be processed into a homogeneous sample that meets these reqdirements.
Fisher Mortar Model 155 Grinder, Fisher Scientific Co., Catalogue
Number 8-323, or an equivalent brand and model, is recommended for
sample processing. This grinder should handle most soIid samples,
except gummy, fibrous, or oily materials.

analytical balance

REAGENTS

reagent water - reagent water is defined as water in which an
contaninat1on is not observed at the method detection limit of the
compounds of interesto

methanol - pesticide quality or equ1valent

extraction solvents - sediment samples shall be extracted uslng either
of the following solvent systems: ‘

- methylene chloride/methanol 2:1 (V:V), pesticide qua11ty or
equivalent

c.3




- methylene chlor1de/methanol 9 1 (v: V) pest1c1de qua11ty or
equivalent

.= Benzene/methanol 3:2 (V V), pestic1de quality or equivalent.

e exchange solvent - hexane that is pesticide quality or equivalent.

C.4 SAMPLE PREPARATION

If a fresh sediment sample%is used, decant and discard any water layer on
a sediment sample. If a frozen sample is used, thaw slowly at room temperature
and incorporate overlying waterJ Mix -sample thoroughly, especially composited
samples. Discard any foreign obaects (e.g., sticks, leaves, and rocks).
Homogen1ze to uniform texture and color,

C.5 ANALYTICAL METHODS

e Sediment Dewatering. Weigh 50- to 100-g sample of sediment to nearest
0.1 a. Mix sample of wet qediment with 50 mL of methanol in a glass
centrifuge bottle. The mixture is centrifuéed at 163 X gravity
(1000 rpm) for 10 min. Thé supernatant is removed and saved. The
methanol wash is repeated énd the two supernatants combined. The
supernatant solution is fiftered through glass wool and the glass
wool is rinsed with an additional 10 mL of methanol. The filtered

solution is saved. AIternatively the sediment and methanol solution
may be placed in an extraction thimble and the methancl removed by
draining. A glass wool plug above and below the sample in the Soxhlet
extractor is an acceptable .alternative for the thimble. The glass
wool plug will filter the ﬁethano1 solution. Save the fiitered
methanol sample for combining with the Soxhlet extract.

e Addition of Internal Standard Spike. Place dewatered sediment sample
in Soxhlet thimble. Add 1io mL. of the internal standard spiking
solution(s) into the sample¢. Cover the sample with a thin layer of
solvent-cleaned glass wooIQ An internal standard (i.e., a chemically
inert compound not expected to-occur in an environmental sample)
should be added to each sample and the blank samp]e just prior to

c.4
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extraction or processing. The recovery of the internal standard is
used to monitor for unusual matrix effects, gross sample processing
errors, etc. Standard recovery is evaluated for acceptance by

' dé%enmining whether the measured concentration falls within the

acceptance limits. Recommended standards for different analyte groups
follow; however, these compounds or others that better correspond to
the analyte group may be used if past experience warrants.

- Polynuclear aromatic hydrocarbons (PAH) internal spiking
solutions: The recommended internal standards are the deuterated
compounds of naphthalene-d8, acenaphthalene-d10, and perylene-
d12. Prepare the internal standard spiking solution in hexane
that contains the compounds at a concentration of approxamately
50 ng/sl. The final concentretion that is used will depend on
the nature of the sample.

- Organochlorine pesticide and polychlorinated biphenyl (PCB)
internal spiking solution: The recommended internal standard for
organochlorine pesticides and PCBs is p,p' dibromooctafluorobi-
phenyl. [repare the internal stan.ard spiking solution at a
concentration of 1 ng/sl in hexane. The final concentration -
that is used will depend on the nature of the sample.

Extraction. Place 200 oL of the extraction solvent and one or two
clean boiling chips into the Soxhlet thimble. Attach the flask to the™ -
extractor and extract the sample for 16 to 24 h. Stir the sample in
the thimble at least twice (after the second cycle and after
approximately 12 h) to prevent solvent channeling. (The glass wool
should be removed during stirring and then replaced.) The Soxhlet
apparatus should be wrapped up to the condenser with aluminum foil
to ensure even heating during cycling. Allow the extract to cool
after extraction is completed.

Liguid-Liquid Extraction. Transfer the cooled extract to a 500-mL
separatory funnel. Rinse the Soxhlet flask twice with clean extraction
solvent and add this rinse to the extract in the separatory funnel.
Add the filtered methanol solution from the dewatering step. Wash
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the solvent extract with approximately 100 al of 50% Ka2S04 saturated
organic-free water. Collect and store the organic layer. Re-extract
the aqueous phase twice wifh 60 mL of clean hexane and add both
extracts to the initial organwc fraction. If benzene/lethanol was
used in the extraction process, the organic layer will be the top

_ phase in the funnel. --If ane of the methylene chloride/methanol
mixtures was used, the orgnnic layer will be the bottom phase.

- Formation of'emulsions or precipitates during liquid-liquid
extraction should be noted and considered when reviewing the
results. The add1tlon of Na2S04 may reduce emulsions; however,
if the emulsion interface between layers is more than one-third
the volume of the solvent layer, the analyst must employ
mechanical techniques to complete the phase separaticn. The
optanal mechanical technique depends on the sample and may include
stirring, filtration of the emulsion through precleaned glass
wool, or centrifugation.

® Dry and Concentrat txtrect. Assemble a K-J concentrator by
attaching a 10-mL concentrator tube to a 500-mL evaporation flask."

= Ory the organic layer by pouring it through an anhydrous Na2S04
drying column (approxihately 30 cmby 2 cm). Use apprcx1mate1y
30 mL of hexane to rinse the drying column and combine this
solution with the dried extract. Collect the dried extract in
a K-D concentrator.

= Add one or two clean bniling chips to the flask and attach a
three-bail macro Snyden column. Prewet the Snyder column by
adding approximately 1| @l of methylene chloride to the top of
the column. Place the K-D apparatus in a hot water bath (15°C
to 20°C above the boi1ﬁng point of the solvent), so that the
concentrator tube is partially immersed in the hot water and

the entire lower rounded surface of the flask is bathed with «
hot vapor. Adjust the vertical position of the apparatus and
the water temperature, as required, to complete the concentration -

in 10 to 20 min. At the proper rate of distillation, the balls

c.6
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of the column will actively chatter, but the chambers will not

" ' flood. When thé apparent volume of liquid reaches 1 mL, remove
‘ _ the K-D apparatus from the water bath and allow it to drain and -
o | cool for at least 10 min.

® Solvent Exchange. The solvent exchange step is required before the
cleanup of the samples if methylene chloride was used in the extraction
solution. To perform the solvent exchénge, remove the Snyder column,
add 50 mL of hexane, and reattach the Snyder column. Concentrate the
extract as described in the previous paragraph. |

® (Calibration and Spiked Standard Solutions. The calibration solutions
for PAHs, PCBs, and pesticides are prepared in hexane to a
concentration of approximately 50 ng/uL for each of the compounds
given in Tables C.1 and C.2. The spiked standard solutions for PAHs,
PCBs, and pesticides are also prepared in hexane to a concentration
of approximately 50 ng/uL for each of the compdunds given in Tables C.3
and C.4. These solutions are subjected to the same analytical ‘
procedures as the actual samples starting at the Soxhlet extraction
step.

- The extracts obtained may now be cleaned up to remove interfer-

| ences and analyzed using the methods in MacLeod et al. (1985; f
starting at Section 5) or if sulfur cleanup is required by us1ng
one of the methods in Appendix D. If cleanup and ana1y51s of
the extract will not be performed immediately, stopper the
concentrator tube and refrigerate. If the extract will be stored
Tonger than 2 days, it should be transferred to a Teflon-sealed
screw-cap vial and labeled appropriately. :

C.6 QUALITY CONTROL ' '

e AN ca1ibration and spiked standard so!utions should be subjected to
v exactly the same analytical procedures as those used on actual samples.

® Solvents, reégent, glassware, and other sample processing hardware may
s 5 yield artifacts and/or interferences to sample analysis. All these
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TABLE C.1. List of Compounds dsed in the PAH Calibration Solution(?)

Hexamethy]benzene .
Naphthalene -
2-Methyinaphthalene
1-Methyinaphthalene
Blpheny! :
2, 6-D1methylnaphthalene
Acenaphthene
Fluorene
Phenanthrene
Pyrene
’ Benzo(a)anthracene
Chrysene
Benzoze)pyrene
Benzo(a)pyrene
Perylene
Dibenzo(a,h)anthracene
Naphthalpne-da
Acenaphthene-d10
Perylene-dlz

dapted from MacLeod et al.
1 . S

materials must be demonstrated to be free from interferences under the
conditions of the analysis Hy analyzinq method blanks. Specific
selection of reagents and purtficat1on of solvents by distillation _

in all-glass systems may be requ1red. )

® Phthalate esters contam1natq many types of products commonly found in
the laboratory. Plastics, in particular, must be avoided. Phthalates
are commonly used as plasticizers and are easily extracted from plastic
materials. Serious phthalate contamination may result at any time if
consistent quality control is not practiced.

® Soap residue on glassware may cause degradation of certain analytes.
© Specifically, aldrin, heptathor, and most organophosphorous pesticides
will degrade in this situation. This problem is especially pronounced
with glassware that may be difficult to rinse (e.g., 500-ml. K-D flask).
These items should be hand-rihsed véry carefully to avoid this problem. - ”




TABLE C.2. List of Compounds,uszd in the PCB and Pesticide
Calibration Solutionia ‘

Tetrachloro-m-xylene
Hexachlorobenzene

Lindane (+y-8HC)

Heptachlor

Heptachlor-epoxide

Aldrin

«-Chlordane

Trans-nonachlor

Dieldrin

Mirex

o,p'-0DE

p,p'-DDE

o,p'-DDD

P.P'-DDD

o p -DDT

p.p'-00T

2 4‘-Dichlorobiphenyl
2,5,4'=Trichlorobiphenyl
2',4'~-Tetrachlorobiphenyl

2! .5'=-Pentachlorobiphenyl
2',4',5'-Hexachlorobipheny]

5 6 2¢ ,5'-Heptachlorobiphenyl
5,2! 3' 4',5'-0ctachlorobiphenyl
? 6, 2' 3' Y 5'-Nonachlorob1pheny1

5
5
4,5,
4,5,
4,5,
bronooctafluorobiphenyl

1]
’
’
1
[}
¢
’
1

4,
4,
4,
3,
3,
3,
ry

¢
]
’
-D

(a) Adapted from MaclLeod et al. (1985)

c.9




TABLE C.3. List of Compounds used in the PAH Spike‘Solution(a) e

. ﬁ Naphthalene | iy
2-Methylnaphthalene
l-Methylnaphthalene
B1phen 1
2,6- Dlmethylnaphthalene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
I-MethyIphenanthrene

- F1uoranthene

Pyrene

Benzo(a)anthracene

Chrysene

Benzo(e)pyrene

Benzo(a)pyrene
rylene

Dibenzo(a,h)anthracene

{a} dap.ed from MacLeod et al.
(1985)
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TABLE C.4. List of Compounds used in the PCB and Pesticide Spike Solution(?)

Hexachiorobenzene .
- Lindane (~-BHC) ' -

Heptachlor .

Heptachlor-epoxide

Aldrin

g-Chlordane

Trans-nonachlor

Dieldrin

Mirex

o,p'-DDE

p,p'eobE

o,p'-00D

p.p'-000

o,p'-DOT

p.p'-00T

2,4'-Dichlorobiphenyl

2,5,4'-Trichlorobiphenyl
,2',4'=Tetrachlorobiphenyl
2',5'-Pentachliorobiphenyl
', 4',5'-Hexachlorobiphenyl
6,2',5'-Heptachlorobiphenyl
2',3' 4',5'-0ctachlorobiphenyl
6,2',3',4',5 -Nonachlorobipheny!l

(a) Adapted from MacLeod et al. (1985)
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APPENDIX D

METHODS FOR SULFUR CLEANUP OF EXTRACTS

D.1 SUMMARY OF METHOD

Three techhiques for the elimination of sulfur are described: 1) the use

of copper powder, 2) the use of mercury, and 3) the use of tetrabutylammonium
(TBA)-sulfite. The TBA-sulfite causes the least amount of degradation‘of a
broad range of pesticides and organic compounds, while copper and mercury may
degrade organophosphorous and some organochlorine pesticides (Table D.1).

The sample to undergo cleanup is mixed with either copper, mercury, or

TBA-sulfite. The mixture is shaken and the extract is removed from the sulfur
cleanup reagent. The analytical scheme is shown in Figure D.l.

.Dlz

APPARATUS AND MATERIALS

mechanical shaker or mixer, such as the Vortex Genie

pipettes, disposable, Pasteur-type Ea

centrifuge tubes, calibrated, 12 mL

glass bottles or vials - 10 and 50 mL, with Teflon-lined screwcaps.

REAGENTS -

reagent water - Reaéent water is defined as water in which a
contamination is not observed at fhe method detection limit of the
compounds of interest. |

nitric acid - dilute.

acetone, hexane, 2-propanol - pesticide quality or gquivalent.
copper powder - Remove oxides by treating with dilute nitric acid,
rinse with distilled water to remove all traces of acid, rinse with

~ acetone, and dry under a stream of nitrogen (copper, fine-grained

Mallinckrodt 4649, or equivalent).

0.1
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TABLE D.1. Effect of Mercury and Copper on Recovery of Pesticides

Percent Recovery(a) Using:

. Pesticide ‘ Mercury Copper *
Aroclor 1254 . 97.10 104.26 : :
Lindane ; 75.73 94.83 : &
Heptachlor 39.84 N 5.39
Aldrin ; 95.52 93.29
Heptachlor epoxide ! 69.13 96.5%
DDE | 92.07 ' 102.91
pDT : 78.78 . 85.10
BHC : 81.22 98.08
Dieldrin : 79.11 94.90
Endrin - 70.83 89.26
Chlorobenzilate : 7.14 0.00
Malathion - 0.00 ' 0.00
Diazinon | 0.00 0.00
Parathion 0.00 0.00
Ethion E 0.00 0.00.

Trithion ! 0.00 0.00

b

(a) Percent recoveries cited are averages based on duplicate
analyses for all comdounds other than for aldrin and
RHC.” For ali.in, foaur and three determinations were

averaged to obtain the resuit for mercury and copper,
respectively. Recovery of BHC using copper is based on
one analysis.

e mercury - triple distilled.

P TBA-su1f1te reagent - Disso1ve 3.39 g TBA hydrogen sulfate in 100 mL
of reagent water. To reaove:1mpur1t1es, extract this solution three
times with 20-mL portions of hexane. Discard the hexane extracts,’
and add 25 g sodium sulfite to the water solution. Store the resulting
solution, which is saturated with sodium sulfite, in an amber bottile
with a Teflon-lined screw-cap. This solution can be stored at room.
temperature for at least 1 ménth.
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FIGURE D.1. Analytical Scheme for Removal of Sulfur from Extracts
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D.4 SAMPLE PREPARATION f - .

The samp]e used is the final product from the extraction obtained from .
the procedures in Appendix C or from Section 7 of MacLeod et al. (1985). 3

D.5 ANALYTICAL METHODS

® Removal of sulfur using coppbr

- Concentrate the sample to exact]y 1.0 mL in the Kuderna-Danish

If the sulfur concentration is such that crystallization occurs,
centrifuge to settle the crystals, and carefully draw off the
sample extract with a disposable pipette, leaving the excess
sulfur in the K-D tube. Transfer the extract to a calibrated
centrifuge tube.

Add approximately 2 g (to the 0.5 mL narkf of cleaned copper
powuer o e cen=r17uge tude. W®ix Tor at ieast 1 min on the
mechanical shaker. -

Separate the extract from the copper by drawing off the extract
with a disposable pipette and transfer to a clean vial. The
volume remaining still represents 1.0 mlL of extract.

NOTE: This separation ﬁs necessary to prevent further degradat1om
of the pesticides. i
® Removal of sulfur using nerc%ry
NOTE: Mercury is a higﬁ]y toxic metal and, therefore, must be
used with great care. Prior to using mercury, it is recommended
that the analyst become acquainted with proper handling and
cleanup techniques associated with this metal.

- Concentrate the sample eXtraet to exactly 1.0 ml.

- Transfer 1.0 mL of the extract into a clean concentraior tube or
Teflon-sealed vial us1ng a disposable pipette. .

D.4
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- Add one to three drops of mercury to the vial and seal. Agitate
. _ ' the contents of the vial for 15 to 30 sec. Prolonged shaking
(2 h) may be required; if so, use a mechanical shaker,

- Separate the sample from the mercury by drawing off the extract
with a disposable pipette and transfer to a clean vial.

d Reﬁoval of sulfur using TBA-sulfite
- Concentrate the sample extract to exactly 1.0 mL.

« Transfer the 1.0 mL to a 50-mL clear glass bottle or vial with
a Teflon-lined screw-cap. Rinse the concentrator tube with
1 ol of hexane, adding the rinsings to the 50-mL bottle.

- Add 1.0 mL TBA-sulfite reagent and 2 mL 2-propanol, cap the
bottle, and shake for at least 1 min. If the sample is colorless
or if the initial color is unchanged, and if clear crystals
(precipitated sodium sulfite) are observed, sufficient sodium
sulfite is present. If the precipitated sodium sulfite -
disappears, add more crystalline sodium sulfite in approximately
100-mg portions until a solid residue remains after repeated
shaking. E :

- Add 5 mL distilled water and shake for at least 1 min. Allow the
sample to stand for 5§ to 10 min. Transfer the hexane layer (top)
to a conceﬁtrator tube and use the K-D technique to concentrate "
the extract teo 1.0 mL.

e (Complete the cleanup of the extracts by using the method in Sect1on 5
of MacLeod et al. (1935) ‘

0.6 QUALITY CONTROL -

® A1l reagents should be checked prior to use to verify that
interferences do not exist.

- ® The copper must be very reactive, therefore, all oxides of copper must
be removed so that the copper has a shiny, bright appearance.

]
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® The sample extract must be vigorously agitated with the

reactive copper
for at least 1 minute.
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