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Sediment quality criteria based on multipie
methods have been recommended for broad
applications in the¢ United States (USEPA/SAB,
1589, Adams er al,, in press). The approsch usad
by the Naticnal Status ind Trends Program
(NSTP) of the National Oceanic and Atmospheric
Adruiniswation (NOAA) to develup iuluual,
eftects-based gmdzlinu involves the identificatioa
of the ranges ia chemical concentrations associat-
ed with biological effects based on a weight nf
evidence from many studies. Ia this approach, the
data for many chemicals are aszembled {rom
modeling, laboratory, and field studies to dater-
mine the ranges in chemical coaceatrations that
are rarely, sometimes, and usually associated with
toxicity. The data from many of the studics of the
individual approaches described cisewhers in this
documcat ars compiled and examined o develop
no-offects, possible-effects, and probable-effects
ranges (Figure 14-1).

14.1 SPECTFIC APPLICATIONS
1411 Curvent Use

The NSTP Approach was used mitially w0
develop informal guidelines for use by the Nation-
al Statug and Trends (NS&T) Program (Long and
Morgan, 1990; Long, 1992). NOAA analyzes
sedimeats from numerons locations sationwide as
a part of its monitoring program. The guidelines
were developed ax thols {ne identifying locations
in which there is a poteatial for toxicity t living

resources {or which NOAA is the feders] steward.
Areas in which chemial concentrations nften
exceaded the guidelines were identified as high
priorities for inveatigations of 1oxicity with biolog-
ical tests.

Faviroameat Canada svaluated maay candi-
Jatc approachics (0 Qe deveiopment of sedment
quality guidelinet and elected to develop its
national guidelines using e NSTP Approxch
(MacDonsld sad Smith, 1991; MacDonald cr &/,
1991). The Floride Department of Eaviroameatal
Reguiation elected to use the NSIT Approach to
deveiop state sediment quality guidelines as a pant
of its scdimeat managemeat strategy (MucDunald,
1992). The California Water Resources Coatrol
Boand will usc the NOAA guidelines is i3 imitiat
evaluttions of ambienat chemical data. Followiag
that sep, data from fleld studies, laboratory
bioamays, aad equilibrium partitioning modeis
will be used to develop sediment quality objec-
tives (Loreazamo ¢¢ al., 1991). Fisally, the Inter-
astiosal Council for Explaration of the Sea Study
Group oa the Biological Significance of Coatami-
aasts in Marine Sediments has clected to adopt
the NSTP Approach ia the development of guide-
limes for participating saticas (Dr. Herb Windom,
Working Group oa Marine Sedimeats, ICES,
persoasl commuaication).

Guidelines developed with the NSTP Ap-
proach were used by NOAA 1o ideatify chemicals
that occumred in concentrations that were suffi-
cleatly high to wamaat concsrn @md to idealify
sampling sites and wreas in which here wist 2
poteatial for toxicity (Loag ad Morgas, 1990;
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Long et al, 1991; Long and Markel, 1992). It
was presumed that the potential for toxicity was
relatively high in areas where numerous chemicals
exceeded the upper bounds of the guidelines.
Likewise, it was assumedthat the potential for
woxicity was relatively low in areas where nene of
the chemicil concenratons exceeded the lower
bounds of the guidelines In those regioms with
the highest potential for toxicity, NOAA has
implementad regional surveys of toxicity, using a
banery of biological analyses and tests.

Also, NOAA has used the guidelines in
assessments and proritization of hazardous waste
sites (Dr. Alyce Fritz, NOAA Razarduus Maicrials
Response and Assessment Nivitina, personal
communication). Other ageacies vad consuluanis
have used the guidelines as a means of placing
ambicat chemical data iato perspective with
respect (o the poteatial for toxicity (for example,
Squibb e al., 1991 [(or New York/New Jersey
Hatbor; Mannheim and Hathaway, 1991 for
Bostoa Harbor; Soule er al.,, 1991 for Marina Del
Rey). The Florida Departmeat of Eaviroamental
Reguistion has used ths guidelines as informal
tools for interpreting ambieat chemical daty and
for identifying regioasal priorities f{or sediment
quality managsment (MacDonald, 1992).

14.1.2 Petentinl Use
Poteatial uses of the guidelines are as (ollows:

®  Ideatification of poteatially toxic chemi-
cals in ambieat sediments;

® Raaking aad prioritization of arcas and
sampling sises for further imveatigation;

S Amsssmant of patential sselogieal has-
wds of wataminatel salimcels;

® Design of spiked-sediment biosssay ex-
periments;

® Description of the kinds of toxic effects

ptovicusly Mssodiaicd with specific con-
centrations of chemicais;

@ Quantification of the relatve likelibood of
toxicity aver specific ringes ia chemical
concentrations; and

® [dentification of ths need for sediment
roanagement initiatives,

142 DESCRIPTION
1421 Description of Method

The NSTP Approach involves a simple evalu-
adon of available dam w0 Idenu(y three ranges in
roncenivations for each chemical:

8 No-Effects Range: The range in concen-
trations over which toxic e(focts are rarely
or never observed;

8 Possible-Effects Range: The range in
concentrations aver which toxic effects
ate occasionally observed; and

s Probable-Effects Range: The range in
counceatrations over which toxic effects
are {requently or always observed.

Thess ranges are idestified by evaluating
information om numerous studies in which
matching biological and chemical data were
developed. The specific steps in the method are:

(1) Compile mstching chemical aad biologi-
cal data from laborstory spiked-sediment
hinseuayy, squilihrinmepartitioning mnd.
cis, and ficld studics and dotermine the
shomioal scactavetions assccialed with
no cbserved cffects and thase associated
with adverss stfests.

(2) Enter the data into a datsbase, including
the typs of biological tes: performed, the
adverse effect(s) measured, the chemical
cUBASIL adVus B iasy wil vbacives
tions of sither effects or no effects, e
type of smdy method 1ad approacs, and
the degree of concordance betweea the

13
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measvre of effests and e conceniration
ot the chemicatl.

(3) For those anaivtes for which sufficient
data exist, prepare data tables scrted
according 10 ascending chemical concen-
trations.

(4) Arithmetically determine the no-effects
range, possiblc<ifeuts rangs, aad prob-
able-effects range for each chemical.

The steps taken (2 select and <«creen candi.
date data sets are described in Section
14.2.1.2.3. The approach is intended to sncour-
sge poiviiv upluien us uew Juis Lewvuige uvail
able. -

Two slightly differeat methods have besen
used to determinc the threc chemical ranges.
First, two percentiles in the chemical coacentra-
Uoas associated with toxicity were derived by
Long and Morgan (1990): the lower 10th pa'-
centile and the SRh percentile (median).
lower 10th percentile was ideatified as thc
Effects’ Rugc-l.ow (ERL), and the median was
ideatificd as the Lffocts Range-Median (ERM).
In their evaluation of the ascending data tablea,
Loag and Morgan (1990) used oaly the chemical
concentrations that had besa associsted with
oxicity (i.s., the "offects” dats). Ths coscepmual
basis for this approach and s three ranges ace
illugtratad in Figure 14.2.

Later, MacDoaald (1992) ideatified the three
ranges with a method that used both ths concea-
trations associated with biological effects (the
‘effests® data) and those associated with =0
ohserved effects (the "uo-cffocts® data). ln this
methad. a threshold affects leval (TEL) was
calculated first as the square root of the product
of the lower 1Sth-perceatile concentration asso-
clail with vbssmvaduus of bivlugivel offocts
(the ERL) and the J0th-percuniile cumcsatration
uf s uu-raci red-clfats Jawa (the NER-M), A
safery factor of 0.5 was applied 1o s TEL w0
define a No-Observable-Effects Level (NOEL).
Next, &8 Probable-Effects Level (PEL) wus
calculated as the square root of the product of
the 50th-percentile concentration of the elfects

data (the FRM) and the ASth.percentile concea-
ration of the na eifects dawg (the NER-M).

Neither of these methods is preferred or
advocated over the other. The significant {ea-
ture of this approach is the use of a weight of
tvidence developed i the asceading tables, not
in the specific method of using the data tables.
In addition to the two methods described here,
many others cosld be applied 0 the ascending
data tables o deiive guidcluics. The wethod
used by MacDonald (1992) considered both the
“effects® and “no-effecs® data, whereas that of
Loag and Morgaa (1990) used only the *effects”
dats. Differeat percentiles in the ascending data
were used in the two methods. Despite these
Lilecoucan iu s weilivds, the ugivewisut Le-
tweea the NOELs aad ERls and batween the
PELs and the ERMs was very good, usnally
within a {actor of 2.

In both documeats, thelowo(lhom
guidslines for cach chemical was assumed w
represeqt the conceamkration below which toxic
cffects rarely occurred. The range in conceatra-
tioas betweesn the two values was that in which
sflects occasiogally occurred. Toxic ettects
wually o¢ [requeatly occurred at cBaceatrations
above the upper guidelme value.

As aa example, Figure 14-2 compares the
frequency distributivn of toxic. eflscts and no-
offectz data associated with mncentestinae af
aapththaleae 1o the ERL and ERM conceatra-
tions for naphthaleae. Loag and Morgan (1990)
reported the ERL as 340 ppb dry wt aad the
ERM a2t 2100 ppb dry st. {or naphthalens,
based oa am ssceading data iable of 49 data
points. Thase guidelines defined three raages o
chemical conceatrations: the no-effects rasge
(0-340 ppbk the possible offects runce
(340-2100 ppb); aad the probabis-cifects reage
(>2100 ppb). Ouly 10.5 peresat of the chemical
conceantrations bolow the ERL were assssiated
with toxic offects, suggestng that toxicity is
unliksly below the ERL scassntrations. Ia
coatrast, 81 percent of the chemical concentra-
tions between the ERL and ERM values were
associated with the toxic effecws and 93 percent
of the data poiats were associated witd toxicity
at coaceatrations sbove the ERM value.
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14.2.1.1  Objecuves and Assumpiions

The objecuve of the NSTP Approach is 1o
provide informal, effscts based guidelines that
are based on a weight of evideace and reported
as rsngcs in concentrations. The guidclines arc
based on chemical comcentrations associated
with Jucasures of biological cffects, thercby
providing toxicological and/or biological reieva-
nce (o the guidelines. They are based on data
from multiple studies and research methods, thus
peaviding a weight af svidence  [n recngmfinn
of the variability in the kinds of da: %at are
available, they ars pressailad as rang Astead
of absolute vilues, thereby providing . (lexible
interpretive tool with broad applicability. They
are presenied along with all of the supporting
evidence in ascending tables, providing the user
an interpretive framework for comparison with
ambient data.

In this approsach it is aszsumed that the data
from ail individual studies are equal in weight and
aedfhility, although they may have invulval very
different methods and test eadpoiats. It is as-
sumed that the methods used by the individusl
investigators were reasonably accurats. Most
important, it is assuned that a5 the Soacentratioas
inereacs, the potaatial for toxicity also inoreages,
thereby providing a conccptual baais for ideatily-
ing the ranges in concentrations {requently associ-
dled with gu twxic cffects aad those frequeatly
associated wild toxic effscts. The guidelines can
be farmulated 10 account for site-specific {aciors
taat coatrol biosvailability (see Secticn 14.3.1.1)

14212
142121

Level of Effert
Type of Sampling Required

The NSTP Approsch relies aa the use of a
database compiled from a wide variety of sedi-
meat quality assessments. The database curreatly
contains over 800 catries generated By the dree
msjor spproaches tn the entablishment of effects-
based guidelines: equilibrium-partitioaing models;
laboratoty spiked-sediment bicassays; and various
assessments of matching, field-collected, sediment
chemistry, and biological alfects dats. The NSTP

Approach was specificglly designed W use existing
data, thersfore eliminsupng or munimizing e need
for additional sampling. However, evaluaton of
the regionat applicability of the guidslines could.
in some cases, require (urther site-specific invest:-
gutions, the magaitude of which could vary con-
siderably.

142,122 Methods

The metiods for denving numerical sediment
qnality guuielines using the NP Approach are
sammarized in Section 14.2.1. Also, these meth-
ods are descnibed by Loag and Morgan (19WU) and
MacDonald (1992).

142.123 Types of Data Required

The NSTP Approach was inweaded to integrate
a diverse assorunent of information it a singie
database (o support the derivation of oumerical
guidelines. Consequeaty, data from numerous
nsnlating, lebviauay, aud fichl studics weie
collated into one database. Ideally, e datat
used tn establish guidelines shouid inciude antr.
from all three of these types of approaches.
Suitoble daia were gvailadle from a wide vaniety
of sourcec. While collectioa and analysis nf thess
data sets were labor-istsasive, subesqueant, incrs-
meatal updates of the database should be relatve-
ly simple and inexpensivc.

The data compiled from numercus studies
wers sutared iat the Biviogical Effects Databasc
for Sediments (BEDS) by MacDonaid (1992). All
of the compiled data were fully ¢vealuaied prior ©
f into the BEDS 10 ensure internal
comsistency in the database. The screeniag proce-
dures used L0 support the development of ke
BEDS wers deaigned to easure thas oaly relevant

md high-quality data wers used w0 derive the
guidelines. No subjective biases were employed
in screcaing the data; as many sources of data
were included as possible. Candidate data from
cach smdy were cvaluated to determine the ac-
cepuability of the experimental design, e test
protacols, the analytical methods, and the statisu-
cal procedures that were used. Only data in which
there were matched measures nf sediment chemis-

l+d
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ty and biological effects were included The
database included only those data in which either
statistically significant biological results were
cbtained or in which major differsnces iz the
biological results between samples were reponed.

The BEDS currently includes over 800 dama
entries, mainiy data from stadies performed
throughout North Ameriea. It was developed
jointly by NOAA, Florida Deparmuent of Environ-
mental Regulation, Environment Canada, and
MacDonald Environmental Services Lid.

In the evaluation of candidstc data from ficld
studics, only thuse dan were used in which ar
least a 10-fold differeace in the concentrativny ol
at least one chemical amoug the samples was
reported. Once this wiwrion was met, the dana
from many of the fleld studies were evaluated to
determine the mesn chemical concentrations 1
toxic samples (i.e., significantly different from
Ontols) and those ia aontoXic samples or in
samples with relatively depauperate benthic com.
munities (i.¢., (hose with low sbusdancs or species
richness) versus thase with mors robus cormmani.
ties. Further, those mean coacentrations {n biolog-
isally offccicd samples that oxcoodud Ly iwufuld
or more the mean conceatrations in the back-
ground, reference, or nonaffected sampies were
assigned an asterisk in the ascending tables. The
asterisks symbolized that a biological effect was
noted and that thers was 2 strong association
betwesn e caemical gradisat and the biological
references conditions were notad as "an effectn.®
Those in which there was no concordancs betweea
the measures of offects and chemical concentrs-
tions were noted as 20 gradient® or *so councor-
dance.® The comcestrstions derived ia the model-
ing and spikedsadiment hinamays were aslwaye
sssigned asterisks. The ecacsatrstions with
asterisks were used as “effects® data by both Long
aad Morgan (1990) and MacDonald (1992).

142124 Necsisary Hundware and Skills

The primary sidiic required to derive gnidelinee
are associated with the development of the databese.
Experuise is required to evalusis he suitability of the
biological and chemistry data, using the screening

rriteria Thic proCest requireg exXperioncs 18 the
evaluatan of sediment data and the methods thac
were used to deveiop the data.

The database has been deveioped on 31 perscnal
computer and i readily transferable t0 oter sys-
tems, but requires kmowledge of the usse of a2 com-
peter. The database provides 1 means of stormg
and sccemung all of the information tat rclates
chemical coscentrations W adverse bdiclogical ef-
{octs. This information can be manipulated in this
envyowment of exported iato other farmats.
14213  Adequacy of Doctmenwation

The NSTP Approach was documented by Long
and Morgan (199U), 1n which the Ipproich was
peer-reviewed both within and outside NCAA, A
secoad printing of the document was issued in 1992,
following further review. A synopsis of the ap-
renarh wat desrribed in 2 tciendfie journal (Loag,
1992). The approach bas been described orally in
numerows technical and scientific forums. Mac-
Dooald and Smitk (1991) sad MacDonaid er al.
(1991) described the application of the spproach in
b deveiopmen: of guidetines for Canada  Mac-
Dogald (1992) described the wss of ths zpproach in
a stewide sedimest manigemaent stratagy for
Florida.

1423 Appiicability of Method to Haman
Haslth, Aquetic Lih or Wikilife
Pretection

The guidelines are imtended, to provide an esti-
mats of the potsatial for adverss biclogical effects of
sediment-amocisted comtaminants an benthic argan-
immns, based oa & Weight of cvidcace from analyscs
performed with muitiple tpecies sad/or biological
comamuaities. They acoammodatc and rcly on he
data from wesss of acate aad chronic toxicity and from
analyses of benthic commuaity structiure. Tha guide-
lines are based ca data from many different areas and
ocsmnogruphic regimes, theredy broadening el
applicability. Curremsly, the deta entored nto the
REDE we from anly maring And armamms araL

The guidelines provide a means of sumerically
eximstng e percent fraquency ol biologcal etfects
over the three ranges of concentrations. The ascend-

147
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mg tables accompaaying the guidelines also provide
2 supplemeaury basis for interpreumg new ambient
chemjcal daty. Also, these tables provide a visuai snd
saustical means of esimating the relaive degree ot
The guidetines are not intended 10 be used for the
protection of buman life or wildlife. Rather, they are
mmwwuuhmﬁngumm
adverse effects among henthic communities.

1423 Ahflity of Method to Generate
Numserical Criteria for Specific
Chombenls

Long and Morgan (1990) reported numenical
guidelines far 41 chemicals, including 12 trace
meals, 18 polymucicar: arometic hydrocarbons
(PAHs), and 11 svnthetic orgmnic compounds.
MacDosakd (1992) developad guidclines for © wace
metals, iotal PCBs, 13 PAHs, 3 classes of PAHs, and
2 pemicides.

Coocsprually, guidelines desived using this
approach could be developed (or any Wi chemical,
taxicity of the chemical is dose-responsive. Losg s
Morgan (1990) amigned a high degree of confidence
to guidelines for chemicals for which data exised
fram many different approaches, different regions,
and in which there was 3 good agreemest ia the data
{ram diffesent stadtios. W(MM
guidelines caly for those chemicals for which thers
was a minimom of 40 data poigts, AllEr deermning
the minimum smouat of data necessary © calculsta
relioble and comsistent values. Thess minignum dsta
wmmmmm
ing guidelincs using data sets of incressing size (c.g..
4 ©0 60 data pointt) and deermising when the
eninae of the guidelince stabilised.

143 USEFULNKSS

1431 Eavirsumeatal AppBeablity

2432 Swuisability for Liffrrens Sedimors Types
The NSTP Approsch can be applied cmally

any sediment type that oocurs in Greshwaier, esmarine,

supports the guidelines contains information from a
vaofsed!mmlmlh:muhmgum-
ines are considered 10 be widely applicable. An
creasing amoust of informaton suggess that e
bioavailability. and, therefore. woxicily, of maay
costaminanis 3 controlied by such {actors as TOC,
AVS, snd grain size. The BEDS currently accom-
modaies the data for these varabies, and, conse-
quently, the guidalines could be normalized 0 e
ippropriste factors that coamol biogvailability.
However, insufficient information currently exists o
derive guiieiines Bat are expressed in (hesc wrmy.
I' 's andcipated & “uture revisioas of the guidelines

“+ _be expressec  these lerms, thereby incressing

N

Partly 10 increase the suitability of the guidelines
in different secliment types, they are expressed as
rasges i coocentratons, not absolutes. These anges
provide a basis for evalusting chemical concentrations
in the differeat types of sedirnents repressated in the
BEDS. In addition, the ssceading deea tables used o
geoerate the guidelines qn be examined 0 calculate
frequency distrbuticss of effects 1ad no effecs
withia cach rmags of concemtrations. These frequency
disrbutions can be used es cstimates of the probabili-
ty of waxic effecs.

Suitability for Different Chemicals
or Classes of Chemicals

14312

The spproach cas be applied 10 & wkie variety
ul hewluals for which analytissl methods are
availsble. Thus (sr, sumencal guidelines bave
besa developed by Loag and Morgan (1990) and
by MacDosald (1992) for 43 aad 28 chemicals or
classes of chemicals, respectively. Danm are
included in the BEDS far over 200 chemicals or
classes of chemhicals. Guidelizes could be devel-
oped for all of these substances whea sufficieat
information becomes available.

143.1.3  Swuitability for Predicring Effects on

Different Organisms

Sincs e database compiled from manv
diffcrent studies is based os tests or araiyse.
performed with maay different species, the guidc-
linew are widely spplicable to beathic organisms.

148
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In addition, the species studied in each investiga-
ton is(are) listed in the database; therefore,
species-specific applicability can he evaluatad by
the users. Furthermore, the ERL vajues often arc
basad on data from relatively esncirive eponise oe
life suges, and, therefare, can be used as guide-
lines suitable for the protection f semsitive spe-
qes.

1431.4  Suitability for In-Place Pollutant

Canmel

Numerioal sedimeat guidslines dcvcloped
using the NSTP Approach can be used ia a variety
of ways a3 a toal ia pollutant control. Specitical-
ly, these assessmetit tools respond to regulatory
fequiremonts by:

® Providing a basts for evaluanag existing
sediment chemistry data and ranking sreas
of concern and chemicais of concem in
terms of their poteatial for causing toxici-
ty and

& [denmtifying the aced {or further investigs-
tous, such as biological testing, to sup-
port regulatory decisions.

As is the case with all of the other approaches
that rely on data collected in the field, the guide-
lines derived using the NSTP Approsch integrate
information obtaised from smdies of complex
mixtares of contamisasts aad thereby coasider
thait msractive effects. Coasiderstiva of the
sffects of conaminast mixtures is an advantage in
tha 488480804008 of m-placc pollutsats wa real-winld
conditions. However, this spproach also relies o8
and gives equal weight 10 the dawm from equili-
brium-partitioning models and laboratory spiked-
sodimcat bicassays performed with single chemi-
cals (see Section 14.2.1.1).

14338  Suitabilisy for Soures Consrel

A reasomshie amouat of canfldence in sodi-
meat quality guidelines is aceded to jusify using
them in source canrol scticns. Since the guide-
lines are developed with a weight of evidesce

enmpiled from maay different studies, wicy pr
vide a credible and defeasible basis for evaluar:
contaminsaty in real-world coamditisas. T
guidclines pravids an efficient basis for idennt
g PRIA ihemicald amd Ptanity aves L
would beaefit from source controls. [n additic
the ascending tables provida a basis for estunad:
e probability of observing adverse effects at sic
of interest, reduciag the probahility of effee
trough sourcs coatrols, and evaluating the in
puvewmsuis la sediment Quality folUowuny i
impiementation of source control measures.
14316  Suitability for Dredged Material
DUsposal Applications

Neitier the numercai guidehnes nor &
fameworks that have beea developed for thei
application are intended to replace accepted lestin;
protocols for dredged material dispasal evalua
tass. Nouotbeless, these guidelines can provide
relevant tools for estimating the potentia! [o:
adverss biological effects of contaminaats associ:
ated with solid-phase sediments.

1452 Gemersl Advantages sad Diadvantages
14321 EasofUs

The spproach has the advamtage of relying on
existing dats. Therefore, guidelines can be devel-
oped relatively quickly and essily.

The original efforts by Loag and Morgan (1990)
=d MacDonald (1997) © assemble the databises
usad 10 develop the guidelines wese labor-inseasive-
Nuwsssvus sopan in mnl duin sete worw hasiod, aud «
buge amount of dsiz was cawred iato spreadsheets.
However, these date mow cxist in a contralized,

i2od database, the BEDS. Subsequent
derivations of guidelines based va ikralive expan-
sions of the BEDS databess should be relatively
quick, easy, and inexpensive.

The guidalines e casily wsed aad interpretad.
Chemical dzta can be resdily compared wih e
guidelines sad with the sscending tables. The fe-
quency of occorrapce of Wxicity over s no-effects,
possible-cifects, asd probable-effects ranges can be
alcuisted and compared with the chemical dala.
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Sedimenty 10 which numerous chemicals occur
concentrations (at fall within ‘he probable-effects
ranges have & bigher probability of being 1oxic \ban
thase in which most of the chemical coacentrations
are witdin e no-etiects range. This type of simple
interpretation makes lbe guidelines very easy W use

14322  Relasive Cost

The original effort of Loag 2r Morgan (1990)
involved roughly one year of b The confuma.
tion and expansion of the dawabisc by MacDonald
(1992) invoived more than anower year of labac.
The costs of subsequent iterations of the guidelines
based on {urther expansions of the database would
vary with the amonnt of data entered and tbe nom-
ber of chemicals. The calculations of the guideline
vaiuss themsalves ars very simple and quick. Also,
the guidelines can be used very quickly aad easily.

If the acocesary data are act availshle for enrry
iato a Jdetebass, then the scsts (o genarsts them
could be mlavily bigh I initlatal & nows
morieling himseay. and field siudies neressary
geueraie sufficicnt data could very considersbly in
costs and time, depending on the amount of data
nesded.

1423 Tendency w Be Conservadve

The predictive capsbilities of the gwdelnes
have not beem indepsndently quantified The
protectiveness of e guidelines could be increased
by comsidering datz only fram chromic subletbal
endpoists or by applying a zumerical safety facror,
such as was applicd in the Florida guidelines (Mac-
Dogaid, 1992). Also, the guidelives would become
more coasesvative if dats were included oaly frren
areas ia whish teticants were highly bicgvaiable.

14324  Level of Accepuancs

The NSTP Approach has beea published by
NOAA, following an in-house and outside peer
revigw. It has been published in a peer-reviewed
scieauiic journal. The epproech bas besa used by
Envircument Casada and Florids Department of
Environmeutal Regulation in the dovelopment of
their respective guidelines. It has besn adopeed by

1 commitas of the Indernational Councal for Explo-
ratioa of the Sea for use by member nations. Thc
Stels i California has adopued 3 similas appruach w
the developmeat of sediment quality objecuves
(Lorenzato ¢ al, 1591).

The sumenical guidelines developed by use of
the approach have been used by NOAA 10 compare
and rank the polential for toxicity at monitoring sites
naticnwide, within San Francisco Bay, and within
Tampa Bay. Appraximately 1500 copies of the
report by Lomg and Morgan (1990) have been
distributed. Users of the report bave compared
ambient coacentrations with the guidelines un
amessments of bazardous waste sites, analyses of
prospective dredge maserial, evaluations of survey
and maonitoring deta, and extimatex of scological risk
(for example, Manaheim and Hathaway, 1991
Souls & al., 1991; Squidb s al, 1991). NOAA
routinely uses the guidstines in its estimates of
ecologioai risk ot National Pricrity List bazardous
waste sites. ‘The guidelines bave besa used « 3
basis for interpretation of chewmical data in ¢
AR

14325  Ability to Be Implemenied by
Laborawries with Typical
- Equipment and Hendling Facilities

The spreadsheets and "database needed to
generaie (he guidelines cam be prepared with a
personal computer aad need not be very compli-
cated. Eatry of data into tis database aad the
generation of the mscanding tables are very simple
The calculstions of the guidelines can be per-
forrsed maswally, om a desk-iop calculator ot 2
persoual computer. The database can be supple-
meatesl with new data as they becoms available.
Implemenrsticm nf the sppach can hecnme mare
laborions and complicated if the necessary data
must be generated de novo,

143.26  Level of Effors Required io
Generate Revulte

As outlined ia Section 14322, the level of
effort required in the development of the orisinal
sat of guidclines was relatively bigh. Subssques:
imrations ot e guideines [oF OMET PUrpos-
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other chemicals, or for the same chemicals follow-
iag additions to the database would be relatively
casy. Eatry of new data points from spiked-
sediment  bioassays, equilibnum-partitioning
nodels, or appareat effects thresholds oW the
database would require only a few minutes
Manipulation-of rew maching daa from bdiologi-
cal and chemical analvses performed in 3 field
study would require from a few hours to several
days, depending on the size of the data set, fol
lowed by eatry of the data points into the data-
base.

14327 Degree o Whach Resuits Land -
Themseives to Interpretation

The guidelines and the ascending data tables
on which they arc bascd can bs nsed in a nember
of ways. First, the data from analyses of ambient
sampies can be compared visually with the rwo
numserical guidalines o determine whether the
anbicat cunwoatmiions cxceed cither of the guide-
linas. Cescad, the wobicat conccutrutions can be
wmpared wilh the data in ths ascendiag tables to
determine the kinds of toxic effects that have been
observed in previows studies at the comnceatrations
of conccm. Fually, the hayucudm of waidlly iu
Qe no-effects, postible-sifects, and probdadbie-
s{fects ranges can be used to predict the probabil-
ity of toxicity associated with asy contaminsnt
coaceatration.

The guidelines developed thus far with this
approach do not account for the effects of factors
that coatrol biocavailability of the toxicants. This
is ot & weakness of the approach: rather. it is 2
weakness of the available data. Nevertheless, this
weakness may hinder intarpretstion of ambiest
data with the guidelines. The BEDS databese
includes & provision for estering data from analy-
mnfﬂm&fﬁmlﬁdntﬂdmlwuk

carbon (and other potestis]l aormalizers) and,
therefore, wosld lead itself to recalculation of
guidelines nommalized to thess factors omos the
oecsssary data become available.

Aa important srcagth of this approach is that
it provides the user some flexidility in the use and
iaterprotativn. of the guidelinss. All of Uo duta
are provided ia ascending order for the user to see

and evaluate. The degree of cerninty ig the data
mbcmsedlndjudgedbylheua Ranges
in conceatrations are provided, insiead of rigid,
single absolute values.

One of e mout atnQive features af this
approach is the estimation of the probability of
biological effects, based on the frequency distribu-
tons of effects for cach chemical. Far example,
the data 0 the BEDS database indicate that only
5K perceat of the chemical enncentradoas within
the no-effscts range for cadmium (0 to 1 mg/kg)
determined by MascDoaald (1992) were associzied
with adverse biological effects (Figure 14-3).
Theee Jata supyywes that disie is & luw prbubility
of observing adverse effects within this raage.
Within the probeblc cffects range for cadmium
(»735 mg/kg), roughly 68 percant of the database
cutrica were associated with adverss effecny.
These data suggest that there is a relatively high
probebilisy uf ubsexving adverse clleccs within wis
remge. Positive scacordance berweena frequesey of
effects and chemical concearations should inspire
coafidcncs in the guideline values.

Evaluation of e guidelines for mercury
reveals that a lower level of coafideace should be
piaced on the guidelimes for Wid eiement. 1he
Jdais fu s BEDS dswlmac udivasc has within e
ao-elfects rangs (U to V.1 mg/Kg), rosghly 7

of the eatries were associated with adverse
effocss (Figure 14-4). However, frequeacy diswi-
butions of effects are aimilar within the possible-
effecss raags (0.1 10 1.4 mg/kg) sad the probable-
offects range (>1.4 mg/kg), namely 30.1 perceat
aad 333 percent, respectively. . Therefare, it is
mose difficelt 10 adequately determine the unacs
captabls levels of mercary in sediments than with,
axy, cadmium.
14328  Degree of Environmental
Applirahitity

The guidelines are highly applicable to the
interprstatios of savironmeatal data. They are
gmersted with data from caviroamentally realistic
ficld sudics, a8 well as theorstiml modeling
swdies and coatrolled laboratory experiments.
Mmumﬂﬁthdnatmnmydmumt
muﬁummummm
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of chemicals differ and in which sedimentologicai
propertiss differ. They are gensraied with tesu
using cifferent species with different sensitivities
w texicants. They arc universally applicadlc in
Nonth America since they were generated with
data from many regions in th¢ United States and
Canada. Confidence in the utility of the guide-
lines is inspired by the weight of evideace from
these multiple studies.
14.3.2.9 Degrev uf Avcwucy wid Preciiun
By iteratively adding and removing dilferent
data sets from the ascending tabies, MacDoaald
(1992) determined that a minimum of 40 daa sets
were needed to develop consistent and reliable
guidelines. Clearly, some variability i the guide-
lines is to be expected as data are added or delet-
e, but, vace the minunun anouat of data is
compiled, this variability appears to be minimal.
MacDonald (1992) generally doubled or
tripled the amount of data in the ascending Lables
enmpiled by Long aad Morgan (1990) mainly
with new dats from field studies and lLaboratory
spiked.sedimest bioassays. Also, MacDonald
(1992) considered only estusrine and marine data,
thersby deleting the (reshwater data included ia
Long and Mocgan (1990). The effects on the
guideline concentrations of climinating somc data
and adding a substantisl amount of new data are
Ulustrated in Tables 14-1 and 14-2. Thc ERL and
ERM values, based on the Long aad Morgas
(19%0) data tables and the larger MacDowald
(1992) tables, are compared by using the methods
of Long and Morgan (1990) applied t0 doth data

sets.

For 13 aromati¢ hydrocarbons, the average of
ke ratios betweea e two sets of guidelines was
15 (1.9 for the ERLs and 1.2 for the ERM3). For
eight trace metals, the sverage of the ratios be-
tween the two sets of guidelines was 1.7. The
trace metals ERL values changed more than the
ERM values (average ratios of 1.¥ tor Wa¢ ERLs
and 1.5 for the ERMs).

Ovenall, 7 of the 23 ERL values did not
change and the ratios betwesn the two sets of
ERL vaiues ranged from 1.0 to 94. Also, 7 of
the 23 ERM valucs did not change. Of the 46

values, 14 remained unchanged, 17 increased, and
15 decreased. The overall mean factors of change
were less than twolold for both trace metals and
PAHs. Thess observations suggest that the guide-
lines are not wrribly sensitive o the addition of
ncw data oacc & minimum amount has been
compiled. Also, they suggest that the guidelines
iiginally developed by Loag and Morgan (1990)
generally arc substantisted by additonal data
rompiiert hy MacDonald (1997)

Tuc essuracy of the guidelines in prodicting
wxicity has aut yet boen quantifial. However, in
the Hudson-Raritan estuary, the concentrations of
many chemicals quanified tn previous siudies
(Squibb er al., 1992) frequestly excesded e
ERM guidelines in the Arthur Xull and rarely
exceeded them in the lower Hudson River. In a
receat survey funded by NOAA, sedimeats from
the Arthur Kill weee sxtremely toxic to amphipods
and other species, whereas the sediments from the
lower Hudsoa River were not toxic.

144 STATUS
1441 Extent of Use

The NSTP Approach is being used by
NOAA'’s National Status and Treads Program, by
Eavircameat Canada, and by the Florida Depart-
ment of Eaviroamental Regulation. A vanation
oa e approach is being pursued by the Califurnis
Water Resources Control Board. Other states and
regional distncts 8ave iaquired about We possile
use of the approach. ‘

1442 Exteut to Which Approsch Has Been
Flold-Validated

Validations of the guidelines have not yet
been quantified. As described in Section 14.3.2.9,
me ongloal st of gublstluce goucially were
substastisted by the addition of considerable
amounts of new data, largely from field studies
performed in meny regions. The concordance
between predictions of toxicity with the guidelines
and actusl cbeervations of toxicity has heen very

144
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Table 141. Ratics Between the Guideline Vaiues for Potynuciear Aromatic Hydrocerbons Determined with
Bata from Long and Morgan (1990) and Thess Determined with Dets frem MacDonaid (1992).
Total number of dala points available are fisted (with theso
used to detarmine guidelines in parentheses).

[_M‘J e —
Long and Vaiuse [
Chemical MacOonaid Vorgan Ratie Betweed Inetenced (+)
Anaivie 199 {1980 Twe Som of Values Decreased (-)
e
Polynusiear somats RYarocaroons (ppe d.w.)
Acenapithene n=80(30) n=38(15) 202.0) I
EAL 18 180 24 .
L1 500 80 13
Attvacens "=88(46) - 39(28) 230.9)
AL LB " 1.0 -
M 1100 960 1.1 -
Flyorens n=98(48) n=é4 (3B) 22011
&t 19 38 1.8
;M 840 840 1.2
2-methyinathphalens nadgom n=31(18) 1.601.9)
=-'8 70 (1 1.1 .
ERM 670 o7y 1.0 :
mmphthalens n=87(4d4) n=S0(28) 1.901.6)
[N 180 340 21 . ]
EAM 2100 2100 1.0 ! ‘
phenantrane ne101(81) nadI4) 210.8) (
ERL 0 229 11 ' ;
M 1500 130 11 +
bense (a)arthrasene re8Y (43) An34 O0) 1.901.4)
;L 1 0 1 *
EAM 1800 1600 1.0 :
| oneotaipyrane nm8b44) ned3/) 2i0.0
AL 40 400 1.1 .
g 1600 200 1.8 .
dhryssne nelBi4h) n=d1@7) tn.n
()8 384 400 1.0
ERM 2800 2800 1.0
dhoras(a N )amvamne R kSN U] 231.7)
o -4 ] 1.1 .
= 200 200 1.0
fuorarhene e 117(P1) n81(33) 13018
AL &0 e
] s100 3000 1.4 *
) ~00080) PatI @N) 22018
R s 0 9 :
] 2000 200 12
otel PAN naT8(34) "eE304) 309
" son 4000 1.0
e 44700 38,000 13 .
Mean shenge in PAM ERLs 1.90
Mean enangs in PAM ERMs 117
Overald moan cnangs in PAH valums .53
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Table 14-2 Ratios Between the Guideline Values for Total PCBs and Trace Metals Detarmined with
Data from Long and Morgan (1990) and Those Determined with Dats from MacOonald {1992).
Total number of data points avaiiable are listed (with those
used to determine guicelines in parentheses).
e _ —_—— _ SR —
| Lang ane Valsss '
f Chemical HacOonald Morgan Ratio Betwesn Nereased (+)
L Anstyw (ivan) H1908) Twe Cots of Values Decreasad (-)
|
Polychiorinand Bigheny! (ppb dw.) ,l!
tom NCO "=12880) n-77023) 1.4(1.8) i
ERL 77 50 22 j
ERM 180 400 22
Trase Mewls (ppm d w.)
arserva n=143027) Nedd(18) 30017
SAL 8.2 3.0 40 ‘
EAM 70.3 -0 1.2
cadmium ne01(84) n=108038) 2302.9)
cRL 1.2 30 42
ERM 2.6 26 1.9
coppe: ne221(7¢) neP1(S1) 2401 85
cr 240 7.0 20
ERM m %0 1.4
chromium n=i97037) =7821) e
1, § 8 © 1.0 .
, GAM e " 24 .
oad n=210(73) na83{4T) 2520
AL 4.7 8.0 1.3 -
[ ] a3 10 20 .
mereury n=188(42) T 79030) 2.4
ERL a9 e.18 1.0 .
CAM an 13 18 -
nicxel n=169(19) naS8(18) 2.0(1.1)
ERL 09 n 14
ERM 1.8 50 1.0
siver n=g825) ne47(13) 2001.9)
|-, % 1.0 1.0 10 .
[ 1,17} r 22 1.7 .
zire ne14(74) neTHAE) 27008 X
AL 190 120 ) .
[P 10 tre 1.8 .
Mean changs in PAM BFLs 19
Mean change in PAH iRV 1.9
Oversll mean charge i matals valuse 1.7e
————— R — ———
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good Lhus (ar, but the degree of concordance has
aot beea quantified. Additional opportunities to
field-validste the guidelines will be available in
futuic atudies s Tumnpa Bay, the Iludsuac-Rasiten
estuary, and southern California.

1443 Reasons for Limited Use

The NSTP Approach initially was used by
NOAA to develop informal guidslines for intarnal
agency use. Therelore, knowledge of and access
to the guidelines was limited. As interest in the
guidelines increased, they were released in a
government docament with a limited distribution.
Therelore, the main reason for the limited use of
the appmach has been the limited awarenets of itx
existence. Funhierniare, the equilibrium-parntition-
ing approach to national eriteria and the most
successful regional approuh 1o criteria (apparent

thus far have pot comsidcred the potential for
bioavailability or bicaccumulation because of a
,hckotduu.

1444 Owtlook fur Futwre Us and Ameunt
of Development Yot Neaded

There is signilicant poteatial for e expanded
u_eottbeNSl'PAppma:h. Canada, Florida, snd
California curreatly are using the approach to
Mﬂdp thelr rospoctive ;uldc incs. 3iace the

The databass Can De 3CCe88Sd [Or SPOCUIC regIOns
or for frash, COtBATiNg, of.marine waters.
Several lypes of dma are needed 0 furmer
develop the appruwch. Flnt, additionsl dats ars
aceded from studies in which TOC, grain size,
ond acid volatile sulfides were measnred. Seonnd,
additional data are needed from spiked-sediment
bicasssys to sstablish causs-effect relatiosships.
Thied, additionsl data are needed from field
studies ia which vory strong choemicsl gradiens
were observed. These studies should include

measures of e toxiaty and chemical contamin:
tion of bulk sediments and pore water. Tae
would benelit trom toxicity ideatficaton evalus
duus W oidentily e Laudative agints capraibd
for the observed biological eitects (Ankley
1989). A aumber of large field surveys are unde
way and being planced by NOAA and wiil fead ¢
additional data to be iacluded in the database
Once these additional data are available, the:
could be entered into the database and used
develop updated of new guidelines.
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