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Abstract

A comprehensive database of sediment chemistry and environmental parameters has been compiled for Boston Harbor
and Massachusetts Bay. This work illustrates methodologies for rescuing and validating sediment data from heterogeneous
historical sources. It greatly expands spatial and temporal data coverage of estuarine and coastal sediments. The database
contains about 3500 samples containing inorganic chemical, organic, texture and other environmental data dating from
1955 to 1994. Cooperation with local and federal agencies as well as universities was essential in locating and screening
documents for the database. More than 80% of references utilized came from sources with limited distribution (gray
literature). Task sharing was facilitated by a comprehensive and clearly defined data dictionary for sediments. It also
served as a data entry template and flat file format for data processing and as a basis for interpretation and graphical
illustration. Standard QA /QC protocols are usually inapplicable to historical sediment data. In this work outliers and data
quality problems were identified by batch screening techniques that also provide visualizations of data relationships and
geochemical affinities. No data were excluded, but qualifying comments warn users of problem data. For Boston Harbor,
the proportion of irreparable or serioudly questioned data was remarkably small (<5%), although concentration values for
metals and organic contaminants spanned 3 orders of magnitude for many elements or compounds. Data from the historical
database provide alternatives to dated cores for measuring changes in surficial sediment contamination level with time. The
data indicate that spatial inhomogeneity in harbor environments can be large with respect to sediment-hosted contaminants.
Boston Inner Harbor surficial sediments showed decreases in concentrations of Cu, Hg, and Zn of 40 to 60% over a 17-year
period. O 1998 Elsevier Science B.V. All rights reserved.

Keywords: geochemical databases; quality screening; contaminated harbor sediments; historical date; Boston Harbor;
Massachusetts Bay

1. Introduction

This paper reports new methodol ogies to compile
sediment quality databases from historical, hetero-
geneous data sources. The primary test area for this
work was the Boston Harbor—Massachusetts Bay
area (Fig. 1). Sedimentsin Boston Harbor are highly

* Corresponding author.

contaminated, and some of its influence has spread
into Massachusetts Bay, partly through transport by
tidal and other current movements, and partly due
to transport of dredged harbor sediments to offshore
disposal sites. The development since 1985 of new
treatment facilities and an offshore outfall, under
the direction of the Massachusetts Water Resources
Authority (MWRA), has been accompanied by addi-
tional sampling and monitoring (MWRA, 1997). The
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Fig. 1. Location map for Boston Harbor. Sewage effluent outfalls, combined sewer overflows (CSOs) and sediment sampling points.

current work was performed as a part of U.S. Ge-
ological Survey (USGS) cooperation with MWRA
and other organizations on Boston Harbor contam-
inant impacts (Butman et a., 1992; Bothner et al.,
1994).

In 1989 a Nationa Research Council report
(NRC, 1989) pointed out the scarcity of information
about contamination in coastal and estuarine waters
around the United States, but recommended against
‘mapping’ of contaminants in sediments. The rea-
sons for this recommendation were not mentioned in

the report; however, the complexity of compiling het-
erogeneous data and uncertainties about data compa-
rability and quality were known to be factors of con-
cern. Over the past decades many sediment and other
environmental surveys with increasingly standard-
ized quality control protocols have been performed.
However, historical data from diverse sources were
rarely incorporated in local and regional databases
until USEPA responded to a congressional mandate
to create a nation-wide inventory of sediment quality
(USEPA, 1996).
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Notwithstanding the problems, justifications for
compilation of quality-controlled heterogeneous data
are strong. They include: (1) better definition and sta-
tistical control of the spatial distribution and hetero-
geneity of contaminants; (2) linkage of contaminants
to data on bottom substrate type and morphology;
(3) more informed decisions on when and where
to use costly higher-tier measurement measurements
(e.g. animal toxicity studies, acid-volatile sulfide and
interstitial water analyses; USEPA, 1995 and ref-
erences cited therein); (4) ability to use historical
data as independent means of ascertaining changes
in contaminant status with time; and (5) confirma-
tion that concentrations of contaminants are low or
within natural sediment variability (i.e. define not
merely ‘how dirty isdirty’, but ‘how cleanisclean’).
Definitive data provide more assurance to local pop-
ulations than absence of information on presence of
contamination.

At the onset of thework in Boston Harbor the total
number of samplesin an uncompleted database effort
sponsored by USEPA for the area (Metcalf and Eddy,
1984; Mason, 1984) aggregated between 500 and 600
samples. This report cited 200 references. As aresult
of systematic collection, entry, and processing efforts
outlined in this paper, we have been able to accu-
mulate a total of about 3500 sediment samples from
roughly 80 sources. The total number of literature ci-
tations in our reference list, which provides general
environmental background data, isabout 1600 (Scott,
1996; unpublished data). The techniques devel oped
in this effort have since been applied to other coastal
areasin ongoing studies, including the Gulf of Maine
(Buchholtz ten Brink et al., database and manuscript
in review; southern Louisiana (Manheim et al., 1997,
and are in preparation for Long Island Sound and
the New York Bight. Preliminary versions of results
presented here were presented to workshopsin prepa-
ration for a National Research Council panel report
on contaminated sediments (NRC, 1997).

1.1. Principles

The main principles underlying the current work
include: (1) cooperation among agencies and orga-
nizations to identify and compile data from diverse
sources; (2) acomprehensive data dictionary; (3) use
of widely accessible software and hardware; (4) data

entry and batch screening techniques; and (5) data
validation and quality control procedures.

2. Methods and examples

2.1. Cooperation and sources of data

Cooperation through shared expertise and re-
sources is essentia to insure both a thorough ex-
ploitation of dispersed existing data and knowledge-
able interpretation and effective use of the com-
piled data. Earlier stages of the sediment database
work were reported by Manheim and Hathaway
(1991) and resulted in data exchanges with or trans-
fer to the U.S. Environmental Protection Agency
(USEPA), Region |, USEP's National sediment In-
ventory (NSI), and the U.S. Army Corps of Engi-
neers (New England Division) (Buchholtz ten Brink
et al., 1992; Manheim et al., 1992; Manheim, 1993).

Our search for references found that about 80%
of the environmental research literature compiled
for Boston Harbor—M assachusetts Bay (Scott, 1996;
database in revision) consists of ‘gray literature'.
The proportion of samples supplying raw data for
our chemical database in this category is still higher.
Gray literature is here defined as research data that
are available in limited-distribution documents such
as non-serial, in-house and consultant reports, and
unpublished papers and electronic data files. Cita-
tions to such work are often not included in ab-
stracting services or library catalogs or accessions.
Theses and dissertations are an intermediate pub-
lication type. They are valuable because they may
report extensive raw data and describe methodolo-
giesindetail. Limiting the search to electronic media
would have excluded more than three quarters of our
present data set.

2.2. Data dictionary

A comprehensive and clearly defined data dic-
tionary for sediments and operational parameters
provided the data structure and data entry template
for most data processing. The data dictionary incor-
porates station data and sediment parameters from
our and other large national sediment databases. In
our analytical (secondary-user) database version, the
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key referencing unit is the sediment sample, whichis
identified by a unique Reference ID number. These
Reference ID numberslink data stored in six or more
flat-file data tables containing: station data, inorganic
data, organic chemical data (three files), and texture
(grain size) data. Text fields provide descriptions or
comments that define methods and quality-control
parameters. Finally, supplementary tables containin-
formation such as glossaries and organizational ad-
dresses. These data are meant to be self-explanatory
insofar as possible. Comments relating to specific
data are provided in fields adjacent to the data wher-
ever possible to ensure proper use and transfer of
the data.

The data dictionary in spreadsheet format, is
suited for convenient hard-copy output. In ‘vertical’
format it lists field names vertically, with filenames
in various lengths and full definitions provided in
rows. For normal data entry and processing, the data
dictionary is transposed into ‘horizontal’ mode. It
can now serve as a data entry template and format
for data processing and analysis. When data entry is
completed, the flat file tables may be directly used
for creating graphical and interpretive output. Exam-
ples of part of the station data and inorganic chem-
ical data fields are provided in Tables 1 and 2. The
data dictionary can be continuously updated (supple-
mented with new fields) at any time. Releases of the
database are designed to always be accompanied by
acurrent data dictionary.

2.3. Database structure

In computer database terms, operational struc-
tures (relational) are distinguished from analytical
structures (flat file). Our data entry and processing,
as well as output to graphical interpretation, are
performed on flat files (spreadsheet software). The
fields reflected in the data dictionary are designed
to interface with the flat-file format. They contain
redundancies, like alternative formats for location
as latitude/longitude or state plane coordinates, and
text. Redundancy is avoided in standard relational
doms's. It is deliberately used here in order that
users can find fields in which to enter raw data
in its original reported form and units. Qualifying
fields are retained in the master tables to associate
comments closely with data. These features expand

the total number of fields (which can be increased
as needed) to nearly 1000, although only a small
fraction of these is normally used in any data en-
try or analytical task. Given normal software field
limits of 256 (Table 3), we have subdivided the to-
tal parameter (field) list into six linkable tables. A
full bibliographic reference database is maintained in
separate bibliographic software for searchability and
transferability to desired editorial style.

The data structures used are similar to the flat file
structures used in the NOAA National Standards and
Trends program COSED data base (NST, 1994).

Working strategy has resemblancesto the recently
developed ‘data mining’ paradigm (Edelstein, 1997)
for databases. In addition to permitting verification
of existing hypotheses by querying databases, our
databases are used to explore data rel ationships lead-
ing to new hypotheses, e.g. what internal relation-
ships among concentrations of organic congeners are
most consistent? Why? Unlike industrial ‘data min-
ing' systems, the operations proceed by manual rather
than automated search operations. Data structuresand
procedures are therefore designed to make these op-
erations as simple and convenient as possible.

2.3.1. Database management software utilization
Database = management  software  (dbms),
PARADOXO and ACCESS, was used to ac-
commodate large databases (e.g. bathymetric data
and large sediment sample files), and data queries
and perform transformations that cannot be ac-
complished using spreadsheets. This software was
not utilized in true relational mode. True relational
databases isolate semantically related multiple re-
lationships and eliminate redundancies. They are
required for very large data sets, and provide great
flexibility in data manipulation and querying. The
cost is that data structures become complex and non-
intuitive for most persons and the systems reqguire
professionally trained data management specialists.
Thus, for the present systems greater aggregation
of relationships (grouping of spreadsheet fields, as
in the case of data qualifiers) is utilized than in
standard dbms operations. Although this involves
limitations, including increasing the number of data
tables, it keeps software simple, and maintains the
coherence of data groups in ways suited to work
tasks. It facilitates flexible use of text and comment
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Table 3
Software limitations for desktop data management software

Type Number of records/table Characters per record No. fields Characters per fieldname Characters per field
Dbms 2 billion 65,000 256 10°-54 256"
Spreadsheet 8,000-65,550°¢ 65,000-130,000 256-512¢ 256 256

aQlder versions of dBasel]. P Except memo fields, which have limited interactive capacity. EXCELD has increased from 16,000 to
current 65,550 records. 9 LOTUS 1230 has a 512 field capacity. Alpha Five has a 128 field capacity.

fields, meaningful field headings, and minimizes the
risk that data quality flags (critical for heterogeneous
data sets) become separated from the analytical data.

2.4. Data entry and screening

References having data to be entered were pre-
screened by a scientist or environmental specialist,
who noted the nature and quality of data to be
entered and resolved problems about data defini-
tions, gaps in coverage, units, sampling or analytical
issues. After checking compatibility of field defi-
nitions and possible sample redundancy, data were
encoded as fully as the completeness of origina
data sources alowed. When electronic data were
involved, comparability of data fields and software
data transfer formats was confirmed. The data dictio-
nary mentioned previously provides comment fields
for detection limit and data quality, which includes
notes on nonstandard units. Fields are also provided
for extended comments on data quality or documen-
tation for each table and for special parameters (e.g.
location methodology). References are entered in
bibliographic software format, which allows output
to be made in avariety of editorial styles, and makes
€l ectronic searches on annotations possible.

Original (raw) data are preserved wherever avail-
able. Transformations (e.g. location to decimal de-
grees) are provided in separate fields. This min-
imizes artifacts of conversion, and often provides
useful information on the way data were prepared
(e.g. rounding conventions).

Data processing typicaly goes on concurrently
with further data entry. Checks on data consistency,
sample designation, location and other station data
may reveal clerical problems that can be corrected.
Missing or incorrect locations are one of the more
frequent problems or gaps in data. The most use-
ful format for plotting locations is decimal latitudes

and longitudes. Often, however, locations are given
in degrees, minutes and seconds, state plane coordi-
nates, or only in the form of location plots. The latter
are converted to decimal degrees using standard con-
version software. Location sketches are converted by
optical scale matching equipment and standard base
maps like USGS topographic maps or NOAA harbor
charts, computer digitization, or manual equivalents.
Data lacking specific locations are entered because
these may be found in other documents, or more
generaly identified data may have value for char-
acterizing larger data sets in spite of the absence
of specific locations (e.g. frequency plots such as
Figs. 2 and 3). Once data are entered from the
reference they undergo quality/validation checks as
summarized below.

2.5. Data validation and quality control

Data quality problems were identified by batch
screening techniques since standard quality-assur-
ance (QA/QC) protocols currently used for new
sampling and laboratory analyses by federal and
state agencies and firms that consult for them (Baker
and Kravitz, 1992; USEPA, 1995) are usualy in-
applicable to historical data. Techniques included
screening for outliers and comparison of data from
diverse origins.

Early work in Boston Harbor demonstrated that
common problems like sample identification, errors
in unit designations, and gaps in location data were
reparable (Manheim and Hathaway, 1991). More-
over, problems of analytical origin tended to occur
in batches. Our quality control effort has therefore
been directed toward establishing practical methods
for identifying data that fall outside normal ranges
of sample heterogeneity and analytical variability,
i.e. deviate from internal relationships characteris-
tic for well-controlled data. We use batch screening
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Fig. 2. Frequency plot of raw copper values in ‘Boston Harbor Data Management File' (Manheim and Hathaway, 1991). Arrows aong
the top of the diagram show the values for the element at NS& T monitoring sites in Boston Harbor. Curved dotted line is cumulative
distribution. Dashed and dotted vertical lines refer to NS& T apparent toxicity thresholds utilized by Long and Morgan (1990).

techniques referred to generally as a VALIDS pro- We have chosen to retain al raw datain databases,
cedure (Validation by Interactive Data Screening) to regardless of problems associated with given data
accomplish this task. sets. Exclusion would involve arbitrary choices about

data acceptability and uses. It might create unwar-
S ranted assumptions about the quality of data retai ned.
¢ceom. Mean 1 Exclusion of seriously flawed data already available
in the public record might result in other workers
utilizing them without realizing that problems had
already been encountered with them. We make an ef-
fort to retain data as originally reported and provide
additional comments for the user when the data are
repaired or identified as having questionable quality.

3. Examples of display of geochemical
parametersfor quality validation

Number of Samples

3.1. Frequency plots

0.1 1 10 100 1,000 10,000 Trace elements in naturally occurring sediments
Copper concentration (ug/g) and rocks have long been known to follow log-

Fig. 3. Frequency plot of copper valuesin NOAA NS&T benthic normal distributions of occurrence vs. concentration
surveillance stations (NST, 1996). (Ahrens, 1954). Anthropogenic contaminant concen-
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trations in larger national data sets for sediments
have likewise been observed to follow lognormal
distributions (e.g. O’ Connor, 1990). Histogram plots
provide helpful delineation of the frequency of an-
alytica data and reveal outlier groupings, and in
some cases, problems in reporting of units (organic
congtituents). Points within these populations can
be inspected to find explanations for the behaviors.
Fig. 2 shows a plot of raw data for copper in sedi-
ments, processed from the earliest electronic datafile
for Boston Harbor (Manheim and Hathaway, 1991).
This demonstrates the typical lognormal distribution,
along with small subsidiary modes.

The small aberrant population on the tail toward
lower values was found to mainly represent elutriate
or biological samples mislabeled as sediments. The
NOAA National Standards and Trends (NS&T) data
set (NST, 1996) plotted here for Cu (Fig. 3) aso
shows lognormal character, but has a much lower
mean than the Boston Harbor data set. This data set
was obtained from the Benthic Surveillance project,
covering estuaries, harbors and coastal areas around
the United States, and was chosen as a representative
data set to demonstrate the general distribution of
contaminant ratios.

3.2. Concentration range screening

Many problems with data quality can be found
by inspection of samples having contaminant con-
centrations in the high and low ends of the range.
Table 4 gives an example of such reference levels.
Others could be used as appropriate to the area and
congtituentsin question. The expected maximum and
minimum data are mainly provided to provide guide-
lines to detect possible ‘unreasonable’ values due to
correctible errorsin unit designations. Table 5 shows
a set of Boston Harbor sediments sorted on Hg in
descending order, along with other metals. Values
exceeding five times the ‘ERM’ toxicity screening
values for metal toxicity in sediments (Long et al.,
1995) are shaded. For historical data, supplemen-
tary laboratory or other tests for toxicity relation-
ships pertinent to benthic organisms are not possible.
However, bulk-sediment screening criteria or qual-
ity guidelines associated with concentration level s of
contaminants have been found to offer conservative
indexes of toxicity level.

Table 4
Concentration range guidelines for metals in bulk dry sediments

Element Soil SQAG SQAG Minimum Maximum Ref.
(ERL) (ERM) range range

Ag 005 1 37 0.02

Al 71000 10000 100000 N

As 6 8.2 70 1 N

B 20 5 150 N

Ba 500 50 1000 N

Be 0.3 0.1 10 N

Ca 15000 2000 100000 N

Cd 035 1.2 9.6 0.04

Co 8 0.5 100 N

Cr 70 81 370 4

Cu 30 34 270 1

Fe 40000 2000 N

Hg 006 015 071 o001 0.71

K 14000 1000 40000 N

Mg 5000 2000 50000 N

Mo 12 0.5 25 N

Na 5000 3000 50000 N

Ni 50 209 516 3

P 800 200 30000 N

Po 35 467 218 2

S 700 300 30000 N

Sb 1 0.1 25 NST

Se 0.4 0.05 5 NST

S 33000 10000 480000 N
0

T 0.2 0.05 20 NST

U 2 0.5 10 NST

\Y 90 5 350 NST

Zn 90 150 410 5

Corg 20000 1000 50000 N

Norg (Kj) 2000 200 5000 N

All valuesin arein j.g/g.

Average for soil data (natural) is taken as most closely resem-
bling uncontaminated estuarine sediments (from Bowen, 1979).
SQAG refers to Sediment Quality Assessment Guidelines (Long
et a., 1995).

ERL refers to Toxic Effects-Range Low, from Long et al., 1995.
ERM refers to Toxic EffectsRange Medium, from Long et a.,
1995.

N refers to references for maximum—minimum ranges range for
normally non-toxic elements in natural sediments, based on stan-
dard geochemical summaries (Wedepohl, 1978; Bowen, 1979).
NST refers to a ‘high’ range for potentially toxic elements for
which no SQAG or eguivalent values are available, estimated
from data in NOAA NST sediment monitoring sample database
(NST, 1996).

The five highest (extreme) Hg values have con-
centration levels more than twenty times higher than
the next highest data point. These values came from
samples having other metal values that were below
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Table 5

Selected metal concentrations in the 1993 Boston Harbor sediment database, sorted on Hg in descending order. Shading denotes samples
whose concentrations are more than five times the ERM toxicity level (column 4 in Table 4). Heavy borders delineate a Hg value
believed to be erroneoudly carried down by the citing source from a Cu value in the original data resource. Light shading refers to values

below the expected minimum range shown in Table 4

UNIQUE D [LATITUDE __|LONGITUDE _|Source Code
US00008 42.385 -71.04611

US00006 42.385 -71.04611] 1
US00003 42.385  -71.04611

US00004 42.385| -71.04611 1 24
Us00009 | 42.385  -71.04611

US02736 |  42.38416] -71.04722]

US01992 | 42.3675| -71.04361

US02008 |  42.38666] -71.04027|
US01983 | 42.35833 -71.05

US00306 |  42.35958| -71.04805

US07693 I
lUso0318 | 42.36072]  -71.049

US02705 42.34472]  -70.96527

US02149 42.30833] -70.97638

Us02714 42.35277| -71.05138]
US00308 42.3593 -71.04905

lusozes7 | 42.31805| -71.02166

US00307 42.35041|  -71.04894

US02069

US02159 42.34305] -71.01388

US02162 42.35833| -70.98472[
US01507 42.30722] -71.03694|
US02068 T
USo1982 | 42.3575 -71.05

US02163 42.36527| -71.04861

US02153-1 42.32361| -71.00555

US02157 42.33472]  -70.95972

levels expected for naturally occurring (pristine) sed-
iments in this area. One sample from this set aso
reported grossly anomalous Zn concentrations, with-
out supporting evidence. It was clear from these and
other indications that all metal data from the lab-
oratory that had reported out these data should be
flagged with warnings.

The sixth-highest Hg value (68.8 j.g/g) suffered
from another type of problem that occasionally oc-
cursin secondary sources. Thisanomalous Hag value
was carried down by mistake in a secondary compi-
lation from a Cu value identified as an entry in the
original data set. The originating laboratory reported
avalue of 1.2 ug/g inits primary records, in agree-
ment with other well-controlled data for the area.

3.2.1. Outliers

Some comment is needed on range data with re-
spect to outlier removal. Range data may be useful to
remove outliersfor determination of means and other
statistical distributions. However, they are not suffi-
cient to identify outliers related to data quality prob-
lems. A common range method to delineateasoutliers
utilizes the average less three times the standard de-
viation, or the average plus three times the standard

deviation. The spread of the Boston Harbor data set
is so large that the lower limit for all metals would
extend to negative numbers. On the high side the 3 x
SD approach would fail to detect some problem data
discussed in the next section but would discriminate
against high-concentration data points deemed to be
valid. Approaches using the geometric mean and de-
viation would be better but still yield unacceptable
results. Multivariate statistics that take into account
anomalies in more than one constituent are some-
times used to delineate outlier samples, rather than
data. However, the spread of the data again tend to
defeat such approachesfor Boston Harbor sediments,
and those in other impacted harbor environments. In
short, establishing rangesis an important first step in
evaluating the distribution of data, especially thosein
high (potentially toxic) or anomalously low concen-
tration levels. But statistical measurementsrel ating to
ranges are insufficient guides to problem data.

3.3. Ratio plotting and use of standard data sets:
zinc normalization

Contaminants often occur together because of
common sources or chemical behaviors. Deviations
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Fig. 4. Plot of Cu against zinc for the Boston Harbor—-Massachusetts Bay data set. The regression line is for the NST data set (NST,

1994).

from typical associations can be used to further iden-
tify data quality. Plotting metals against Zn concen-
trations takes advantage of the fact that interelement
ratios in contaminated sediments show much greater
coherence than do the absolute concentrations of the
components. As further elaborated in work in prepa-
ration, zinc is a suitable element for normalization,
because it is almost always included in contaminant
data sets, often displays the largest concentrations
among the metals, and is a nearly ubiquitous marker
wherever anthropogenic influences are present in
waterways. As may be seen in Fig. 4, plotting Cu
against Zn reveadls a consistent relationship on a
log/log plot. The utility of such plots is increased
by adding the regression line for large standard-
ized data sets as a normalizing tool. Regressions
for the NS& T sediment data set (NST, 1996), com-
piled from hundreds of benthic monitoring stations,
are incorporated in Figs. 4 and 5. Close agreement
with the NS&T regression line is not necessarily
expected, but samples and groups of samples hav-

ing a common source, which show large departures
from local trends (e.g. more than a factor of about
two) call for closer examination. If no factors or
sources explaining the aberrant behavior are found,
in conjunction with well-qualified data from similar
environments, samples may be flagged as requiring
further confirmation or potentialy questionable.
Outlier points on such plots may be examined to
determine if they are due to regional variations in
contaminants, or due to systematic errorsin analysis.
Fig. 5, for Hg and Zn, shows much greater scatter
than does Cu/Zn. This is attributable, among other
reasons, to the lower concentrations of Hg, and
greater diversity of sources than for Cu and Zn. The
aberrant data Hg data depicted in Table 5 may be
seen scattered near the top of the foregoing figure.

3.4. Organic contaminants

Log/log plots, as employed for metas, above,
are critical to perform validation controls on or-
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Fig. 5. Plot of Hg against zinc for the Boston Harbor—M assachusetts Bay database. The regression line is for the NST data set.

ganic contaminants. Fig. 6 shows a plot of poly-
chlorinated biphenyl congeners for Boston Harbor—
Massachusetts Bay samples (1994 cutoff date) for
al data sources (656 samples). Of the 47 sources 25
were U.S. Army Corps of Engineers permit fileswith
only a few data each. This plot of raw data reveas
several types of information: (1) there is predictable
increase in scatter toward lower values as data ap-
proach detection limits; (2) linear rows of data points
in the vertical and horizontal directions for certain
data sets signify detection limits that were reported
as measured values; (3) ‘Total PCB’ (as reported)
values tend to show more scatter than congeners
for given geographical areas. Some Total PCB data
plotted three orders of order of magnitude below the
present regression lines for the three congeners be-
cause of incorrect unit designations. Points identified
visually on a spreadsheet plot can be automatically
identified with respect to data series and record num-
ber by clicking with the mouse on recent editions of
spreadsheet software.

Mix-ups can occur because total PCB is fre-
quently listed as ug/g (ppm), whereas congeners are
normally listed as ng/g (ppb), a 1000-fold concen-
tration difference. Plots thus provide quick checks
on unit consistency. Total PCB values reported from
earlier dates are expected to have poorer correlation
because of uncertainties relating to the compositions
measured and the way these were computed.

Fig. 7 plots the PCB 101 and PCB 153 pair, using
different symbols for five randomly chosen, well-
qualified sources of data. The consistent agreement,
except at very low values, can be partly attributed
to the fact that extended organic congener analy-
sis has become more widely available in the last
ten years. Laboratories undertaking analysis of com-
plex mixtures of specific congeners generally have
considerable expertise and tend to follow consistent
QA /QC procedures. See, however, caution regarding
regionally variable source factors, below.

Similar plots of homologues for the polyaromatic
hydrocarbons are shown for the high molecular
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Fig. 6. Plot of PCB congeners for Boston Harbor—M assachusetts Bay data, all sources.

weight hydrocarbons (Fig. 8). Although phenan-
threne is a 3-ring compound that nominally belongs
to the light hydrocarbon group according to the NST
(1994) delineation, it is closer to the heavier hydro-
carbonsinits behavior during uptake and weathering
on sediments. It is particularly suitable as a nor-
malizing component because it is often the most
frequently observed PAH homol ogue.

Plotting for analytical consistency is idealy ac-
complished by using samples from similar areas,
including samples from well-controlled laboratories.
Once questionable data are identified, plotting may
be useful for other diagnostic purposes, such as ex-
ploring questions of contaminant sources.

Plots of pesticide derivatives follow similar pat-
terns. For example DDE 4,4 and DDD 4,4 are
breakdown products of DDT, and much more widely
detected than the latter in general sediments. They
tend to show similar transport and weathering behav-
iors. These derivatives normally show good coher-

ence in data from well-controlled data sources, and
are therefore suited to assess analytical consistency
among different sources of data. On the other hand,
the chlordane group of pesticides remained in pro-
duction well after DDT was prohibited in 1972. It
may have a different time-distribution pattern as well
as chemical affinities from DDT. In like fashion, one
would first seek closely related pesticide species for
data quality checking before utilizing ratios or other
display of data that excludes questioned samples to
explore for environmentally significant distributions
of various pesticides.

3.5. Texture normalization

Normalization of data based on sediment grain
size, carbon content, Al or Fe content or surface area
has been frequently employed to reduce the effect
of variable dilution by detrital minerals (Horowitz,
1991). We have not applied texture normalization
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to the sediments for severa reasons. First, many of
the heterogeneous data sets contained the only key
pollutants and lacked normalizing metals. Variable
analytical methodology also biases use of the more
refractory metals (Al, Fe). Second, though in some
areas contaminant levels correlate with texture or
organic carbon, this relationship is not consistent.
Normalization could potentially introduce significant
error. Recent data (Bothner et a., 1997; L. Tor-
res, unpublished information) suggest that part of
the reason for this behavior is the past presence
of localized point sources of contaminants, along
with spatially heterogeneous natural sediment distri-
bution in this glaciated area. One might point out
in this context that the hard copy reports of the
National Standards and Trends program have in the
past reported ‘mud’ (silt plus clay) normalized data,
whereas the data obtained by web site or floppy disc
are unmodified.

3.6. Spatial variability in composition

Recent studies confirm that Boston Inner Harbor
sediments have a high degrees of spatial variabil-
ity in contaminant concentration, often within short
distances, e.g. 200 m. This effect is interpreted to
be most pronounced in the center of the urban har-
bor complex. It is not due to unreliable data, as
has sometimes been assumed. Rather, it reflects real
heterogeneity, often associated with point contam-
inant sources and presence of CSOs. Such spatial
inhomogeneity complicatesthe tracing of changesin
bottom sediment quality with time through use of
samples taken at different dates (Fig. 9). However,
when sufficient samples are available to provide ro-
bust statistics, the aggregate effects are consistent
with outer harbor studies of more homogeneously
distributed sediments using dated cores (Bothner et
a., 1997). They show decreases of 40 to 60% in Cu,
Hg, and Zn concentrations in surficial sediments col-
lected over a 17-year period. A corollary conclusion
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Fig. 8. Plot of two high-molecular weight PAH hydrocarbons against phenanthrene.

from the above observations would be that isolated
cores within inner harbor environments may be ex-
pected to be much less representative of larger areas
than areas of fine-grained sediment accumulations
more distant from point sources.

4. Summary and conclusions

Assessment of a large, heterogeneous sediment
data set from the Boston Harbor—Massachusetts Bay
area has shown the following.

(1) Heterogeneous historical data can be suc-
cessfully compiled even though data sources may
lack specific information on the quality of analytical
procedures. Comprehensive data rescue in Boston
Harbor—-Massachusetts Bay has greatly enhanced
gpatial resolution of contaminant distribution, helped
identify sources, and helped document changesin the

contaminant status of local environments with time.
This kind of data rescue opens up large quantities
of existing information to cost-effective use without
new field studies.

(2) The study suggests that arelatively small frac-
tion of the data, <5% for zinc and copper in Boston
Harbor—Massachusetts Bay, was associated with ir-
remediable problems affecting their use for environ-
mental assessment. A combination of editing for cler-
ical errors, concentration range testing in spreadsheet
format, and use of key geochemical relationships re-
pair some data and reveal the presence of system-
atic errors consistent ways. Univariate or multivari-
ate statistical methods by themselves are not reliable
measures of outliers related to questionable analyti-
cal data. Ratio plots, regional groupings, and compar-
ison with standard data sets serve as supplementary
discriminant functions. Problematic data most often
occur in batches from common sources or subsets.
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Fig. 9. Plot of surficial sediment samples from Boston Inner Harbor taken over time (modified from Bothner et d., 1997).

(3) All raw data are retained in the compiled
database. The rationale for this policy includes the
desirahility of flagging potentially compromised data
(which might otherwise be inadvertently or indepen-
dently used for statistical or other characterization).
Rej ecting some datawoul d require the setting of arbi-
trary criteriathat might limit access of usersto given
data. It might also set up potentially unwarranted as-
sumptions about the quality of retained data. Users
have the ability and responsibility to set their own
ultimate quality criteria. The authors and USGS take
no responsibility for data other than those produced
by USGS, except for exercising reasonable care in
compiling information from their respective sources.

(4) Data rescue has revedled in more detail the
presenceof erratic distributionsof contaminantsinin-
ner harbor environments. This potential must be con-
sidered in attempting modeling, averaging of data, or
interpretations of cores from inner harbor areas.
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